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Adaptive Blind Watermarking Technique Using the Mean Area

of Polygons in Geographic Information System

Hye-Jung Chang

Department of Computer Engineering, The Graduate School,
Pukyong National University

Abstract

Recently, many people can contact with various information in the
convergence environment of computers, communications and digital media,
more conveniently. Especially, as the human scope of activity is extended,
the necessity of the geographic information and the position information
has been augmented. For example, the geographic information has been
widely used in the city planning or the managements of the natural
environment, farmland, forests, land registers and so on. For the
systematical management and the efficient usage of geographic information,
the necessity of a GIS(geographic information system) has been on the
rise. The GIS is also called as the integrated service system that is
designed by collecting, analyzing and manufacturing the geographic data
for applying to geography industry fields. As the GIS is embossed with the
important technique which is embodies ubiquitous and the importance is
coming to be higher, GIS related private enterprises have been spread
rapidly during the government's third country GIS construction project.
Thereafter, currently many people have used the GIS service in the

internet, car navigations, vessels and so on.



Most of the geographic vector maps in the GIS has been produced by
S/W CAD tools that can represent more detail and easier. But GIS vector
map can be copied easily, edited and diffused illegally like as most of
digital data. Furthermore, from the broadcasting or newspapers, we have
often watched the news that GIS vector maps from National Geographic
Information Institute (NGI) are circulated unlawfully by some GIS
application companies. Therefore the watermarking scheme has been
required to prevent plagiarizing the GIS vector maps.

This paper proposes a blind watermarking scheme for the copyright
protection of GIS vector maps by using the geometrical characteristics of
the polygon. In our scheme, we select the layer where watermark is
embedded. And then, we calculate each surface area of polygons and
MAPG(mean areas of polygon group) in the selected layer. Using the
calculated MAPG, all polygons in the layer have been grouped into similar
area distributions. Finally the watermark is embedded by changing each
mean area distribution of the grouped polygons with transparency and
robustness of the watermark. From experimental results, we confirmed that
the artifacts by the embedded watermark are not observed to users and
the watermark has the robustness against geometrical attacks like as

translation, rotation and cropping and So on.

_Vi_



H, AAAE TS HFEHE T8 2dHsto gxdsd 3 folH=
2] A B A ~ € (GIS, geographic infor-
mation system)2] FTL2Ao] A FTUEHI Ut U= FEFe0)

FA8 Solu e BN F248 NS, %k GIS TF A

T ARE Nde AAE MEE=SolpEdH o M2 AgSe FESH
A GISY #8400 e #AxxHu glon, 1o wE GIS Zelx9] 4
A 7bA g E2 Srbskal Al

SRRt A4 R 2] GI

Aseltt 2, 32k &u|AEe] EW frEste AreEl7F S7ketal dlem, ol
o FAHE g fAdoz GIS dolHe AFA 2 AA Aid 1
3 7= A Tl=2ZA gxde 9E v (digital watermarking) 7] ©|
S

HAd e oled qdgte] x| zpom QA = gl AXAX
H F YEvA(watermark) S A A G4, evje % HtlQ dolE 9} &

OA g "HEnto Zdlxo] 243t= 7le2, o|F 13lo] EW EHA 4



K%
2 L O N
~r lnn — - [ ]
WJ oo R B o FoE o o= B
< W R o) = oF NF =) Pl o T
= mo2 = — I TRl 7 R
cZarew TR P omow X G
O R A M@lmw o T LTaLML
T H o B = Y
JXI = B F K . S O %ﬁ - Ho o R m o
FE = H o 3 B Nlm ol o)) il < o|
Moo= TW ﬂ}la,WéLm S
X . 1 o N oF D N o bxt
O# oF uy o =y o) 0 i - 4 i ﬁo wlArO 8o
_ Ny — T T p o o .
% T/ e = N ) KT = wm oy W do =
w I W oa 2 % B3l /S S N L
M ﬂyoﬂﬂﬁ ) %@ul.gw% TR Tt mz_uc
oE oo %Afyﬁglﬁqﬁdeau
A - 7 g o ey Ho
R U @L‘T%ﬁ@wxakg_ﬁ%ﬂ
‘%u & F K X T ﬁu ‘muﬂ = ) T L 5 oy
%0 R i M o]t MH o S o ~ mu o [ GOy
G | e O_EmﬂﬂgAu@m.
T X =i 20 e |l (S T o
e o T Ao N 7 Ho W g 3 N N e R
= X o =< X o o fm) [ S ]
W oF o M T\ Sl y | By 7o m
: A F ol E = R = o %o o T =n o o8
w T g@mﬁm.wﬂmﬂﬁ%x.mﬂm
- = T 0 W S = ~f =
= H ¥ 8 i =~ 3K = VO) Duthes P 2 5
_d1ﬂ%z AN W - -l b el
ﬂm_iﬂrzﬂzmrﬂ@_omm PP rw 2
M T T = r R ) N 8 2 o o] =4 BK o % N D
& B B =5 o+ Yoo 5 8 ¢ ¥ R s
el = WMo oF o — 3 1 S —_ X plo ™ 2
) =) N F w DN A o O = i o =
w7 ﬂ%%éil%wD HoEe T 3
X ‘.:L _Zﬁ —~0 = =) )A,._ N AT 1/r\ O OE 1 17r0 :i =} —_ st
o T X~ 0 R —_ <7 < = oF &)
O F T X o o T oy _ o o 2
HRE o = G TR N B B
u#ﬂ%ﬂar.kﬁg%mﬂﬂ
T ® X =
NoA

3k

8|

pol
&
s

A| 2]

o] AFES

[ez]
S

7] A o

)
=

ste] JNDel wel A gHow 9

o

of Tt
HE W
M d]o] E](vector map data): !
= &3l

-

1

= 29] 7]Hto] I

|

R4

E

]

% E1 ‘:']—EL
GIS =



o]

AYrl 7l=S A&sts A 7IsA o2 @dA7F vk webA o]d o]
fre HZ el A s stavIvre] gl g FEn Tlsd 2y 52
o= wWE q vlo]go] g A BoE 93 JEuH v)Ee] AT
7] AlAsk it

HE yAd qielAM e 9EvE Vles HxE A7 Ohbuchi (5]
AE wWE WS AdF3 A7 E UrAY, A=EF(quadtree) FS FAHH
A= E g (modified quadtree) W2 o2 e T ozl Zpzbe] EEo
el Bt (watermark) 3+ HIEA S WHE Ablet= WIS AlRbeES=
g, o] WS YEuta A4Y Al JAESF L (PRNS, pseudo-random num-
ber sequence)E AFEF O EZA HtAH I HEH vty MFHAAS F
AAT. 2Ey o] RS EEta AS Al Ao HH § dHoHE
8= oM, Are 54 wE 29 HHe| A& AolA Xty T oA
(affine) W&k} 2o 9 dAe] AP 4 ®stol sl A Aol FHoF
g o] Atk

Garret Schulz®} Michael Voigtl6liz &3 5182 2kel uwet 2 9
HolgE dAS wHez 524 = 39 JIs=z Y59 HJEHuas
Aoz olF(move), MH wol= 7 ©=3H(simplification),
(cropping)® %2 &7l Z<1g 2D #e # vy 7S Ared
o a2y o] dugES 7 49 ke HAFEC] YEutA v Ed wet
o= 54 AR olFHAS W vt HlF7|E wAVF B @
e 7ML ATk

Hwan Kang 5[7]2 ¥+ Wy 9 39 A (object) & HIEHPA HE
o met Y3 AAE st e TR FTE At Yol & o] 7]

We AEva g QA Fo delgst ARHoR FUst, v

e

UH%

AN



)
=

= g Well A Al

]

I
R

[e]

EH,

N AR
=

U

)

Bill Huber[8], Kyi Tae Park %[9], H. Sonnet 5[10]¢] &
3l Aolt}. Bill Huberel 71®Wol of

= 9 el A=

Riu

2

I

Hr

o
e

0

o)

-
el
ol

Hu

1

RO SR

A

Hel dely & ol

5

2l

I

9 ¥l
n 71

‘(H

}

0]
pul

=

=

oA &

-

1

=

e o d
A HS
H

2

Z}
glojoiel 1 eo] o

o= Ynta

] A
Bl dlolg 7]

H
]
sk
=

H

f

[e)
] o

o ol
i}, ke el Ao o
2]

=4

=
=

=

1
Z Yol A

|

s
S

]

-
L U=S

(polygon)2] ¥+

GIS

aL
L

L

e

2]

3z
=

U

ste] geva

ol A

)

A B ulsl ol =] oA
=

°

of o
42 A, GIS 98§ Wl 9k

B

tH26-311.

}

k]
A

R4

277
w2 A

Al



o]

]

taL, ol 7]

°

-

1

R

=

=

H, o] AL Eua Ao

b g M e v

-

1

St

°

JEivk= A& Al A

o
+

=

=

el

‘umo
i
o

_—

S
%
oF

fite)
N
=
el
s

we]l PSNR(peak signal to

o, AEvkAZE Addd GIS W

noise ratio)©] 100dB o]Ato =

2

3

&
=

&

e

p—

0
~
70

0
s

o] H|E 2 F&(BER, bit error rate)°] 0~5%=% A|t3F 2z

A

A

GIS Hle]H =

=

18

o] Lo Z 27 o)A

|=
=

=



IO.GIS dHlolg AA 2 F+=x

GISE ofe] E7e Ae4n voldg #estn 24stel AgAA 4
S ARE AFsel FE ALdonA B Jejo) AYYNE EE
Moz &, A%, AN, AL, 24, FHet7] 99 ol gHE Hedol, &
zZEqe], AdARElE), AFAAAED FAY 24N FHY
thostedole WHE Axdd B4 FAE et BEH woR
B 5w o WA & Qe A4S dust, GISAA sEdole] 74

< AFH, 483A, HZA =2 FAEH GIS7F 95 AFEH=A A

Atk EZ HolH = FARG SHAFEE AT GISHAM M T2

& BRolu, GIS AHGAE A AT Y ALgsts BAA o

=
At & (graphic data)gti % Sl F7HAE= dRbd oz gidES] 914 <
FHBe] FAE YEd7] A AEFHHE RTAHEE FE A5
SAA =2 9% W A2 (GPS, global positioning system), 7 EA}
F 7Esl s oA, oFA 59 FARY TR
=

Aol wabd H, M HoR 371A 7B Q4R FAECY. &A%

M

off
O~

<y
lo,
e

M



W N B
HonE =z
. No
oy + X :
s 3
X NEre: L
T PG | M - % :
H oM 7 |l 28 @ T3 |
oGy slz2z K i
wooxe Plo S|z g 089 : - ﬂa% ﬁ -
= o< . z28 . N : 2
< T 288 R : ; x
S N e ge | o i o :
g BoRe _ : 5L %
5 P m | T o PET 5
S - ! | FD i : ;
I | 4 I T i % ) : 1r._ :
o N = i =) : ) N Eo X o —_ o
S N X ) = Eanl- N g T g
= X 08 = e  §
o iy e ' 4r N "o -
‘- - : ﬂ oF T ow x 4w/
3 ; W G S o
- % =& [ | W =~ do O %
—_ ™ o & W _a— L - te :
nj = i) g | , 4
0 e S AP e o . ST mﬂ
L o . - & N o ; xa = 2 ; :
e N s = o ml | O S55 7Y B w - -
—_ :i | oy e — e.m J&;L R dl 1_11_
oW R A [~ lopais g | N PR
o~ N T _ - LNE S Ho R0 = Eg) T & : o3
0 F oo | =3 B smS £ il 3 is oy
T —_ Lf | = || &0 A L% E» ,_uw_v.o HL E» H_W ; :i
(R I~ X I Mo |1 T . . : . 2
v X NS | |2 1r 41
N~ | W n - W G -
- ﬂw_ v E.e L ! % ) 2 m i wi - 3
: Hm E - = w pi = . oF ﬂf . m_w -
00 z 538 it - = ,UF > _,A
WoH T i z|| o £5E B o yo=w = E .
0| A s2g 2 : s #
A e 2 3 " L s ;¢
i — 5 b w 5 %/A : 3 ;
m o5 W S \
< N w 2z
B

=
=

A A

o= Y=
gaE Fre) Wy



]

AgA) %

o} 9
2 A Faol of

A

=
K3

o]
=

o,

o

=

==

o

Ea

d] o] ] | ©]

}

0]
yul

]

(e}

al

7

?151_

H| L

=

=

WE P2 GIS B P FE GIS #Be v

1.

3

e Fxsh sy P

[e)

R

1

-
it

Y
w
B < ~
2 -
M o o i Jo
M- ma NI | N o o ~
wlo =TT F sm| P |w|®
<] ol T\ T B T | B
T | mm mm r o = M | e
w Y gy S A O B I ol e
" RN R LGN T T | %
M
14 o
)
W_ O ) R ) il
& w_m T To wf Hr =
o} ) o)
= == . i el By A~ BN N B
= b o W T Tl |0 o | Mo
= B = B = X R T o | AP
M e s T s | g || ™
CIRCERGE it o N W= | %o | M| =
TE R K| T KB E R | AT
N Ry
M LS & Al
< T | m
.mmm i H i Wm _zm ™ m.ou i
e iy W o e > = . H
- o | = — = Gl N | o
= = —~ . Cl gl Ho | i
fin N X =
Ho

I

$7h opw wE A

%

A= =7] el 5Ee

7lvko 7 wE =z

W=

)
Mo
ey

)A
oH



=
1

o

°

A ]t

A A FEX

=
=7

E1 Eﬂo]]ﬂq

H
H

A=
H 2. GISO| A ] dlelo] A A

A < o
~ o
mm,_ to xR -
e ki !
alh] N H —
E T :i r HI;I ot \.m_l
T < o 03 do oo o =
w iﬂﬂ i < e &
il 1 — B X do rr S oy N.l
) o W g = Gy H e
. ® B ~ oo =
T — I W
iy s moox T L= PV < W
— fils) o) :.;H o \Ul o Qm”._ &O ol
= T N g R = 5
w W nh o=l W o T s s A
— el = j T, e .
hAl RS = 7 o 7 Y I X iy
- _ T = o5 MR TR RN < — 0l
o N o TRk o\ T = z
TS T so T = Wom B of M- SN w
T . N B i 1 = Nfo i %0 o O = L3
W_M \ml mw ,ﬂAII \n_ 2” o 1__/| :i Of 0 < A MJI_ EH__ B
_mm =% 5 U + il w% il \J N N
* 2, % B w - do o ° R o TF \ :// L
A ) . B F —gio, [l |i NS
5 A z < i o = | o |
ol o) EK o} R iy SO IH M_Jllﬂ il A 1_,_Al ﬁz
M T Do AW o) T ol g
™ o & A ™ blo /5 b / L _
o oW T oo B s - M AR
o Npo T T i T o s il | B
o] W M I ! zﬂ = A ww " f/ i,
e o T : e T = - N g |
Mo oM T ur W mO M mn__b_ N ™ wm oy o 14 PRy
SRR IS L AR TN
i%ﬂmﬂ - = S, Vi e B ol : /
R a2 N ol = TG
w7slg@w AN e B
N I o 3 5"
 oF o = T Bg od i) 3
Wooxr o



& 2.1/5000 2 1/25000 A A = dlelo] AA (&

Layer 7= & Layer &= &
1### HE Gt A&
Ot ] THi 24
3t A==, A =

Rt
pyr A= A A3 A
S ) 5 Ouit 7]

GIS9 ©lolg A& Holg FFZ AARE AFsAL o]7|Ezte] A
3 w3g EX¥oz e ZEFe Y HHor ot doly A

Zhipol wal dolH A4 g @ A 715 Aol A$HT ey

< EAAES 2A HEE dFEe] GIS AZEdold s A A F4
=

DXF(drawing exchange format) 3}dolm, =EXZARYAAA A 23k
DXF ¥ 19 302 nddr A2 #Aline)Z &= 2kl (polyline)

2 gdd=d, @ deolHe & @9 Adi(ine segment) O E A,
Folet FAE 7 F e 1A el A2 #eolo, A XY,

7 #AXE, 49 X Y, Z #EEZ AR eH, T FH(vertex)7t Sl



dlolg Fxolt) E ekl dolE= A Ay EF
frelstm, 2kl deolHeb= g T3 ZxRE M ¢ L, 7S 27
AARAAE(Holol X, Y, 729 7% 71Z2AR)e Fu(X, Y, 729 HE
e Jfoz AR ofu g AlFHIY o] FUSH W(E
2], polygon)®] EHS #ndsta, th=2W A4% A& 1dsoh

ot
X
ol
ftlo
=5
[.ﬁ
ol
rlr
=

AR ATz A

- Spatial Data Transfer Standard

c27) BE 2RO 310 &4 o} A2 589 4 4%

SDTS

- Digital Geographic Information Exchange Standard
DIGEST | - 492749 9% HAE °] &
- Syl s FARE o 2 DIGESTS ¥+ d3oz AA

* Drawing Exchange Format

- AutoCADO A Hloj¥ o] 24067 k= 34

DXF | - o|%l(binary) Hlo1E @43} o}27] vlol8 @A T /x4 @)
= A%

C A HEAGARY FAAES] £E ZWU

- Tag Image File Format
- Aldus®t Microsoftell 9& M=z ALEE= %2 desktop

TIFF
Z3 HHE & FokolAl deoly WekE s i
- ZIEA] PC, frH 2 A z~EH ol SolA A Y
- Topologically Integrated Geographic Encoding and Referencing
vl=o C B o] AM 2 ZAPANA FHRAE g
TIGER 15+¢] Census Bureaud] q Foll A G2 2] =<}

Ae)d F5e Adals) Sda 19909 A
A4 % ERER AEEE A2 dolE o) s

_11_



HEADER section

TABLES section

BLOCKS section

}

ENTITIES section

=1 W W

- q ;
Line Polyline
5 —» Handle +«—7 5
386 60
8 —» Layername <«——— 8

5211 5111

62 —* Color number «———— 62

3 Vertices-

10 —» X1 coordinate 86 > follow flag
-5.57 1

20 —* Y1 coordinate 10 (ahgpysD)
-2.33 0.0

30 —lp Zvalue 20 DXF': Always 0
5.0 (Elevation) b o

5 : Z Value

11 —* X2 coordinate 30 :
e s (Elevation)

21— Y2 coordinate 0  —> Vertex Start
-2.33 7 val VERTEX

31 —» L value .
0.0 (Elevation) :

—» Polyline End

29 3. DXF 3 ¥wie] § +x

_12_



Iy 394 YERd A3 o], DXF 39S HEADER, TABLES,
BLOCKS, ENTITIESS 2 o]FolAd glow o] & 19 304 Zzxd
ENTITIES A4 (section) A =¥ FAo] dizt dRes @i glom,
dutx o7 A#E F2A = DXF x4 ENTITIES AAe] =77}
T A7)0 95%0]dS AA| gkl wheba] Aoker WS GIS W A ol A]

=l
g d 5 Qe oy 7hA GIS WE ] WY s de) 4y v

_13_



M 7129 99 @ A603 SndZ

2 Ao Alekst 7] vlu A¥S 138l Ohbuchi S[5]o] A<tk
g Zof thdte] Yolr 7] Z 3ttt Ohbuchi & WE Wo| YEnas
Adets WHS Hx 2 Aokt o] WHAAME oF, A4, - &

i
5o et WMol ue AnAde wels] slste] ME Y olel 9
o]
il

o5 A 2 9o St BAHES] ARS WHAPOEA 7 o
H
S gl v Ydum e ek
- Uniform(UNIF): ¥E W& kx[8 #ds 17| AMAE 952 Y

T k9 12 Y99 729 A= ET]E 9 n|§HEL
- Quadtree(QUAD): 28 4] Yeld Ay 2ol dx Hy WS 74

O® 4 B A4 FEE E 4 BTete] AU Ef(tree) TEE
Zhe 99 HAgeRA T Jje] g9 H3HA AR Al FEFS

N BAAE A5 woh gow A o e

d
stol R2E 99 BT oV1A diE 7 9 W) Ha= A ¥

- Modified quadtree(MQUAD): QUAD 7|®H<& W3 vy ozx 4 7
o] BAHES Mg Hu FAA EAGtE A9 FHA e 99

_14_



2
o [/

st

R
Heo
[

!
as

ORiim
_al_x
Ema

—

o—-o-ip: DU“: i :.I.:u tﬂd__ok_.
- FH

B D

19 4. Quadtree(QUAD) & H-24 9] 4

]

To
I

o

A AF3E "lel o] UNIF, QUAD, MQUAD 59 Wilo=z Q&
B ¥9s I<i<De 9902 ViF T 2 99 YEutas 4gst
=d, o, AY¥E JEHZ at= m AY HELS AAE a=(a,a,
nty,) 0, €{0,1}013, a5 ¢ SIFHE TR0 2 A b= (by,by b, )T A
A, {0,115 VEh HFHom wE o] 7t B3 J oo Y

He gEnta b

(1
ofar, A vk A W2 4 (2)¢F 2o
v =vi7m+b;' p;t o, (1<m<M) (2)

i,m

_15_



o] w, i WA o4 AREY MEe M Aw, v, % v,

EodA G S m AA Adna 49 A Fo B Axmolh

AP
ol
o
rr
JE

P Pe{—-1,1}5 z+ 2Aaid34=(PRNS, pseudo-random number
sequence)°l L °] Ft& 7| k, = At HEvia AE A AREEHY, as
A vt APA==A B4 a>00]H.

AErta A& JEvb2 Ad A A ko 942 HE JES 2o

v, A (3)~(6)% Axete] AENA 0% A% # 5 Uk

U= Zvi ; ;Z =y v; (3)
= k=1
(i o= 1 LdF 2 eles] |
= Z (Ui_ vi) ‘D= Z b o p? (4)
i=jc 1= jc
="\t (5)
a; = Sign(qj) (6)

A7) v v AETE A9 A-Fo BE 244 AE 0,9 0,9 3
o]},
o]} o] Ohbuchi 59 WHAME HE We ofe] /e ez vy

B OPHEEE W Ao Aw, oF, S %4 53 2o 75
4 36 And AL Ak U dERtE 2E A 43~ 6)7 2

_16_



4= 71 "AE § A dagsel tiE des vagk Ao

5

o obel E 4ol tehbEel 71E9 JMEe] AT A oY A v
59 noa] daAE QHRL 4% A RS Aged @3, FEn
a9 AnYL FA F Qe AU ueFol BRI, B =Fof

Aol wes ey G

LS By

>
rlr
I
4,
rol
L
o
il
o
%
i)
ol
ol
N
do
rol

Robustness
A ek A} A7 Blind
Geo | Sim | Int | Noi | Sh

. E5aF LS
% 7}ze] B

R. Ohbuchil5] o)W/ ryi No | Yes | Yes | Yes | Yes | No
SEnlZ g HES
i

H. Kangl[7] Yes | Yes | No | No | No | Yes

B. Huber[8] sto 22X QEut= Yes | Yes | No | No | No | Yes

e (Geo: geometric attacks (translation, rotation, scaling etc.)
e Sim: simplification e Int! interpolation
e Noi: additional noise e Sh: shape distortion

_17_



V. AGE Aeny 2ndF

GIS HolHE o4 datgie] 4@ A% @ A dolee] S4¢
g ol o) dololz FASm, 2t delole A, A, W, B4 59 ]
F2 gddAt W 546 wel 48How Aud 54 elo e

o

(Fg )l s At HAEHvta A EFEE 1

% BollA Ho]l HEwia A9 AL 4, 4E GIS HH s 24
sto] AEuAE AYE #Holojet EEls MEsta, MElgk g ool A
AA 259 H+H A (MAPG, mean area of polygon group)S ©] &3}
o 7} ZE& JFEY FadHAS H NI = HHo=E AEHuAE AY
it YEuaE st A A JERAE 7] (watermark key)E A

s, o AT vl Adva 8% Al AgH, ol2A AEttazt

i
ins
)
=}
o
i
il

S Al AE GIS dlojEla wAl AdEoZA LEna

AR GIS M B2 85 9

Original GIS Vector Map Watermarked
GIS Vector Data Synthesizer GIS Vector Map
Select Calculate Wa;z;r;rﬁed
Layer MAPG Attribute
Select Adaptive F—
Polygon Watermark Wietarrzt Kay
Attribute Embedding
Binary Need for
Watermark Watermark Detection




4.1 "I 49 xS

p—

0

—
fite)

o
Nio

i)

A

3

-
1

GIS Wl Wel A 7bg ol thitol

ol A=

=

o
o7

$A GIS WY gelA Eelwe

S

el
M.
™
2l

9l

i

}4_

7

ki3

N2

o] uf

(tTNfl;nypZNfl)%E _—ll.}\é 'C"] 01 ;ﬂ]:]'

-
it

E($NayNaZN)

3
“

IL
=3

(SCO,yO,ZO)ﬂ'

A%

e

" |

Hr
)

—
fite)

%0

GIS HE

Ko
T

v, 19 6

T4

=9

a9 6. GISol A1 ¢

M
Yy
2l

ol
Nm

™

2l
|

fite)

4

ToR

ojzxl med

Ak o714, e we{o,1)E

s

=
=

Brl= 1 v E

_19_



W= {w,| kE[1, K]}ol ™, K= 982 nE Fol

nt

AE P A A% Eee ARS AAss Yol de Avnd,
WA QR GIS W HolEE #Aste] A At s @l
ol Adgsta, T deldol = BE EYE P ={p|ie(1,]]}& F

Fach AN Po={v,, = (v Vi zin) | K

M
=)
=
——
Ir
4o,
>
-9,
Ay
ro
B
XS
mh

o vy =v,y £0E WEFO} s, [z AEE dolo] v mE E= 7

N
A= Zl(xi,n' Yin+1 T %0 +1" yi,n) (7)

I
MAPG= LZAi (8)
]

I % AXE MAPGE o] &3te] 2XMAPGE o2 7He +3F S=
(S, 1k€[l, K} o= ety 2+ 73 S Fabe Es P 4 (99

e

:]—L!

9)

) 2MAPG 2MAPG
s,fz{PMueu,gn,<k—1>— } —}

K

Je Sol &ebe Zel@ ol Aol P st A E S &3E P

_20_



Pel WA Aclth 29 thg, S0 P, AEWH A E A (103 2o] A

_ 5
Ask = ZAk7 /J (10)
j=1

wel mek Agel e WMANYOEA AHIAE AU Ay 9 5
o

CALE A (DY 2AS wEsol @t

lf Wi :0,
— 22MAPG 1,22MAPG
T = | DR 1) 27 |
else w, =1,
— % 1,2MAPG , 22MAPG
A@E[(’“‘;) Ve Y, 7 } (11)
2:-MAPG
key,= k I (12)
aen Aeeta gae 98 #2MCs 4 a2 2ol AEEa v

72 w,=0 4 W, 2 (D~AD7AAE =28 g Zeoln, 4= 2 1Dl v

I3

el Az ol (k- )EMELE o - 1) ZMALE po)o g7

_21_



| e | Wy
e R s R g
L MAPG 2-MAPG
w, =0 w, =1

|’ ! /m_\‘ . ¥ A} s

........................... — X
2-MAPG A 1. 2MAPG > 2-MAPG

&1 s - k+1
(k-1) K o ( 2) ~ A (k+1) e

‘ watermark key ‘

N
o
~
Al
i

oe WA RE 778 GETE Ay

AdE WA At vl whet 4 S WMSATE PH S
2ot FAA ez dEd, HEEE vZRAE S 9 A= A A &
st EEleed WA A,S AT A W 74 e HAHE wAges
A HEnta WIS 9 HSALE &d Eee A WA ws
AZA A ofd, 7} Fel P ol WA A, s s e &8
#AXES 4 139 ABHvA AAAE Ja, & ol&ste] £ W
25 TR EEeEe Hd WA A s AHNHow WA

a2 AR S,

Vo =5 20 (A +m,), (13)

2MAPG 1,2-MAPG

. (- )ZE s - ) ZEE i w =0
kT 1, 22MAPG 22MAPG .
(k— 5) % +k % . otherwise

_22_



. 1, 22MAPG |, 22MAPG

N
AkJ Z \/akJ kan \/ ykJrL+1
< ak:,‘j 3 xk,‘j,n+l NS, ak:,j ] ykr,j,n,)

if 10,4 (14)

2‘MAPG' 1,2MAPG

N.
* i
Akvj = 5 Z ( V ak:,j 5 xk‘,j,n. V ak:,j 4 yk:,‘j,n+1
n=1
o/ ak:,j . xk,‘,]}n‘Fl E 4 ak:,‘j : yk:,;j,n)

2 (14l veEbd A" AEetart 499 A4,

wet AeAHoT WMalA H3, HE YJEu A A4g" GIS dolg g

A BEE A (59 2ol T
xk 7’yk7 \/ak] :Ckn’ ak] ykn (15)

_23_



ojul, AAEE =ol7] fske] ASH AAA Ayek AGE ol &AM A
El

Mo ek Ayl kel A (16)& ©E @ WA A (13) 2 (14)
o wugon FETIAA AAW GIS WE dolHE AL &

L\ 2MAPG |\ gy

(1) ZMAPG | N5 o T < (1) ZMAPG
Z;L.: 1 QJéilPG —i QJQWAPGK (16)
(k_5)7+ Ay < A'Sk<kT—A5 , otherwise

_24_



42 "3 AE ¢S

Aotet JEnta A% Sy Ze 18 8ot o] oM oEuas} A
dE GIS WE oAl fEnt=rt AR dolol s desta, sld ol
el BE EYIs FEIH 2 5 A" dolo] W BE EHeo |

A ATE A (D olgste] Adeln, BE A'Y WA MAPGE

Lo

(18)& ol et Tk olwl, x,-y, % A= A7 SEnta A o

gee B4 HE g3t mA ol

i

N

AT 9 Z (SCz‘,n' Yim+1 Lin+1’ yi,n) (a7
n=1

— 1 <l

MAPG= EEAi (18)

282 YEnta A9 AL A FEHuE 7] key,Z o] &3

2XMAPGS H€vnta ¢ K ®%F #3F 5.8 vy, 24 73 Sl 43

rr

Zalmso] 77w A j;% ook HE:H oz 2 (19)0] YERd A

gol K20 Ty e vagowA 49T Autas 45¥
At
2MAPG =, 1. 2MAP
0, if (k—1)7G< Ag < (k:——)iG
L= K k 2 (19)
RN (o L)2ZMAPG 5. | 2MAPG
A M K

_25_



2MAPG

714, Az HERA

Arol & 7} er

H A T T

e key ol AR grolw, (k—

#kolH, ’wz% AZHE 9Eupz 0|}

;IV‘W':
Watermarked Watermarked Watermarked
GIS Vector Map Select Polygon
Layer Attribute
Calculate | Watermark
Watermark Key 5 B i

a9 8 Ak 9dEa de 2

_26_

LA Ll Binary
Watermark



49 A} 2 24

.1

AlQbet Wy 7k GIS Z¥l=2] e dugF AF5S Hd TEA
AR AA AFates FXAE AZ folg (A3 DXF Format)= 1:5000
FAAEE AHESIGTE 4ol ARadRol o GIS WE gelA 7

olojuE Buld e PEvaE AsuA s dololE Mestu

i

g RS FEG T, JuvbaE 4Usy.

15,000 FAAEE F 7379 2ol = o] FoA gow, Ezel s

b RS A2S TdG deole] 41118 41128 HEsie] JHuaE 49

Aeetast FE GIS Wel ge 27 9ol Al UEhd wrsh o] A

ZAHon gHvta Y R E PRI ddtE Ae FA G & 9

PSNR [dB]=20lo (i’y))
— O R MSE (20)
RMSE =\[Y (Vs = Vi) I N ) 1)

_27_



o ez} A

-
it

AE GIS WE el

T

*
z,y

V.,

oA74 V,, @

—_—

M=o

_T
Mo

%

%

o}

Atk CAD =% ©l&

S

?;51_

&

ﬂ_,'l’ o] Z o]

[e>
AR

3

ol 2 AutoCAD 20078 AF&

ALZTE

ki3

o}

Mo
o

B

5] O
49e 5

CEEEREE

ELET

=

o

o s ATE GIS WE qio] AlztA o

I Ohbuchi7} A|<Qtgt 7]

S

g 9

)
o

=]
s

_28_



19 9. 1:5000 HE giol A e AR vl gk (a) ¥ HE
(b) @leolof 4111 el Emtart AAde e

_29_



%
= B e
5 4 = En
&4 v
& %QE @“
. . ,,Qﬂﬂ”%
%J & & QZZ:
2 & * snﬂ':f o N
cANE T ooy \ﬁ?’%mﬂﬁ
SIS NG L
w1 o
bh%% b 2,
s h
S €O
b =0l
? 5 i S é}ﬂ
= =a p
7 T
%HD S
PSNR: 105.20 dB PSNR: 110.22 dB

(a) (b)

28 10. 1:5000 #E WA o] PSNR (a) #lole] 4111z (b) #o]e]
4112 Noll S ezt A M

_30_



il

o

AL
H

o] NZAH oz Ertas

29 99 1" 1090 A

o

JErkaE

o
+

gk oofyel, #olo] 41117, ‘4112°]

3k A3 PSNRe] Z+zF 10520 dB¢} 11022 dBE

)

R

+

il
N

N

_T
Mo

o

ol
ojn

LHER AT

=

uj o
H

)

}

0]
pul

7}3

a2 113 2™ 1200 4]

el

=K

d

3] %

7_}
w5k A S rhast

R4

stk 19 139 14% 7

= 5o of
LHERA 2L

] Ejvk=7E A

o
+

e Aol

)
Q.9

s
=

A AL AA

)=

] o
H

=
o
5 ofo

b
[e}

0]
pul

& 7}
2 A

el

Mo
o

aJf

14

A

lany &

E=
=

%!

v+

o
+

HE 5

bl o,

°

}

0]
pul

5 B P i

o~
W

E

bl

F=

[€)

_31_

o) H np =2

HE <2 F&(BER, bit error rate)2 Al&
5

T

|
o,
EI__

3

=
o
1o
H

3

pzS
&S

A

al
KeR
T

]

B
1714 BER

A

3

AR

169 ztzh et Sl



19 110 1:5,000 HEl ol A (a) HE w7}

g 34 we Wy 1

BER: 0%

_32_

A} o]

H

H

il

H
cil

g 3} (b) 20



(b)

BER: 0%

a9 12 15000 WY el el (a) AEA7E AlE HE P (b) 1/2

W 4 E we we

_33_



BER! 0%

3

B2t (b)

Farge e

af=7

1H

Pl M el (a)

e

000

d 13. 135,

A

=R

—

—

=
ol
2

_T
Mo

_34_



(b)
BER: 0%

Y 14, 15,000 ME BAA (@) AT ALE W Wt (b) o) 5
T2 we Wy

R

_35_



BER: 5%

2% 15 1:5000 #E] el e Atk ¥

i
1)
rlo
=
v
i)

_36_



=T

Y
AN

(a)

A
(b)

BER: 0%

a9 16. 1:5000 @ e giell A o} (a) AE w7 Abele My @13 (b) f=

A7 34 we vy g

_37_



(b)

BER: 0%

a9 17. 1:55000 WE WMol (a) FEulAE 41 g Wi (b) #7]

A we wE P

_38_



o T 5
PT wﬂ W ° MM E n_rt "R of ® m o4 oo P
BoE 2 XN gy W g = B 5w
oy oF ~ oy o = T S o w5
—n P X o oW = oS A
o T R T B i A
5 @ oox B2 T Lo o0 R o
° ‘.: J ,DrL »AE - rl 1t_u| ~ )
qr Ho WM 4 7 oo S Thi ~
Mo o T T B OEPENS
S el . iy dﬁ el A oo R
cdmT x T EY S mo G Y
TN o F o N IS E SlE> N
< 7 S S A\ 7 Jron P
=20 % T X o % = Bw
N SR (0] woE w X mm N IH) 70, h.0g o
moEE e S < s %1_%va£
N T oo M me Wﬂ 2 m @i P %
% T oo o= 8 2 g [ L SN
o o < = T iy ~ N3
#ﬂrmuﬂar%w_nsn ﬂ%%m.oﬂbm
- e Wby T
T @ 7 & ~ ey o £
o A5 ® 5 3 S A\ K F
Moy TR o 5w o T B i’ ) °
I T - B S N
ol o~ EHoA ay w ey AT
I w7 or \Ip R g T /o,
T & TV o0 W N g Lk O/
i - X S W e
— o EE~TICN py < i) = ‘__N g e
X = mnyiﬁﬁmﬂ_%ar.mwry%zﬂe
T 5 ol or = o © S o >
R N L o oy A o7 o
Dy oa s e o g 0 % S
— ~ —_ ° o) _sz X FHRNG! =
o7 XN O m oW N T RN
ST ® o - MM e H oyl L&W ORI M
. _ N
NN W oy o = . o 1 A
T X ra N
o R N % Moo now M

DR

=
=

bl lejnta

o] &3

_39_

7]

R

}

0]
pul

At
0w A

A
g ez Al



50

—&— proposed

—0— i
40 Ohbuchi &

%

bit error rate(%)
N
o

10 -
.

0+ o——&—/ : L e - T

rotate scale move noise cut break fillet

Attacks

29 18. 1:5,000 WE] ol Aol Aekst 71 2 Ohbuchi 7|He A5 Hlu
(AutoCAD 2007)

_40_



A AFH, $A 2 4T vgejEe] ME §FHL MENAS F8to]

Hes waa g7 42 5 A A o
sb @A <Azl gE wevF SdHuA AR 2 AR oY &
agHon #4837
A wmop AAAH R #HEF ool TiFl wel GISHl digh w4l
o] PFEE AN HRE Aol AA T GIS FEAYS FAF

-

olg g A&

o

2A Mgk Az Ao e Sk %S ol o AW AR GIS
FEAQE BuaA olFoia glevh FEE GISE BEFoZA o)
A Edz ol ga By Bal 2 el g 44d mIEe o

£ GIS W Bl tah GIS N W S4ot A5 L4 A7 2
s, 7 S4el uet Gevias Agdom Ades AuvR JEe

Astarlh. Ak LaelFeldE WA oje el ool o] Folx

o
12
2
B(Y
oX,
ol
=}
vk
rk
B(Y
oX,
r d
ftlo
o
I
o
O
rx
i)
)
)
o,
2
=2
e
ot
:

=}
vk

2Eo WU PLE olgdtel o] AY FRoR b F, 7 73
of £at ETE WAL HSHOE AMAPORM AFHOR Iy
sk AR GIS e 9e AYWTh aelw AEnia 7] gmomt
A dolE] £4& A8 ¢ F glvke WL olgdtel VIS Y

e Hgelq BElE dHuAS 96 duua 78 wEw, o 7=



a3l ot

A b

A

=

.

CEEE!

&t

o}

=]
s}
o

o

’

%ol
5

GIS =¥

A7 A ]
& o

)

GIS E
b1 9l

°

ro
=
] 7}

3

[e]
A&

|

-

kit 7 A ¥ BERe] 5% o]

AL

boAe ez
[€]

4

ZIHo® fEntart

}

o

Al

} o
9T}, EI HEjutao)

A 3} 2 H-E

PSNRe] 100dB ©]

B
i)

B

o

B qel 7]

H
H

o I:H

=

S5 o

1

0]
par

= T8

o
A

=

=

=

TENT

A

A0 S SERTE
o

o

Z] o
-1

A9 Mol
npxjuko 2 A7k o] GIS ®E Wel

1]

°

}

[€)
0]

Q2

R4

o]
17 SGARA, AF57h4] <

7HA 2 ol W e U

7 4

=

O

o

il

Tor

A A3R7F GIS

=M A
AZI7F 2 Aoz

-

kel
oA =

|&=24 GIS Mg % EnA

s H

4
< 7

Z
L=,

2K
xliﬂ H
—_ 42 —_

POk mebd R i=el

S

2

e
vl
=

A

0]
pul

A7}
A 44

o]
7

a

S
&

}

0]
pul

2%

al

33t
sk, GIS #E o] o

Bl ol

[e]
o

o}
1:111'
%)



(1]

Al

Fid

[&x

R. G. van Schyndel, A. Z. Tirkel, and C. F. Osborne, “A digital
watermark,” Rpoc. Of the IEEE Int. Conf. on Image Processing,
vol. 2, pp.86-90, 1994.

[2] M. D. Swanson, B. Zhu, and A. H. Tewfik, “Robust data hiding for

[3]

images,” Proc of the IEEE Digital Signal Processing Workshop,
pp.37-40, 1996.

I. J. Cox, J. Kilian, F. T. Leighton, and T. Shammon, “Secure
spread spectrum for watermarking for multimedia,” IEEE Trans.

Image Processing, vol.6, pp.1673-1687, 1997.

[4] C. I Podilchuk and W. Xent, “Image adaptive watermarking using

”

visual models,” IEEE Journal on Selected Area in communi—

cations, vol.16, no.4, pp.525-539, May 1997.

[5] R. Ohbuchi, “Robust watermarking of vector digital maps,” Proc. of

[6]

[7]

the IEEE International Conference on Multimedia and Exp.,
Lausanne, Switzerland, vol. 1, pp.577-580, 2002.

G. Schulz and M. Voigt, “A high capacity watermarking system
for digital maps,” Proc. of the 2004 Multimedia and Security
Workshop on Multimedia and Security, Magdeburg, Germany,
pp.180-186, 2004.

H. I. Kang, K. I. Kim, and S. S. Han, “Watermarking techniques
using the Drawing Exchange Format (DXF) file,” Proc. of the 2001
Multimedia and Security Workshop on Multimedia and Security,
Ottawa Canada, pp.19-22, 2001.

_43_



[8]

[9]

[10]

[11]

Bill Huber, GIS & Steganography - Part 3: Vector Steganography,
http://www.directionsmag.com.

P. Bourke, “Calculating the area and centroid of a polygon,” July
1988. http://local.wasp.uwa.edu.au/~pbourke/geometry/polyarea/.

X. Niu, C. Shao, and X. Wang, “A survey of digital vector map
watermarking. International Journal of Innovative Computing,”
Information and Control, vol. 2, no. 6, Dec. 2006.

K. T. Park, K. I. Kim, H I Kang, and S. S. Han, “Digital
geographical map watermarking using polyline interpolation,” In
PCM '02: Proceedings of the Third IEEE Pacific Rim Conference
on Multimedia, pagesb8 - 65, London, UK, Springer—Verlag, 2002.

[12] S. Khanna, and F. Zaney, “Watermarking maps: Hiding information

[13]

[14]

[15]

in structured data,” Proc. of the Eleventh Annual ACM-SIAM
symposium on Discrete Algorithms, San Francisco, USA,
pp.596-605, 2000.

M. Voigt and C. Busch, “Feature-based watermarking of 2D-
vector data,” Proc. of the SPIE, Security and Watermarking of
Multimedia Content, SantaClara, USA, vol. 5020, pp.359-366, 2003.
M. Voigt and C. Busch, “Watermarking 2D-Vector data for geo—
graphical information systems,” Proc. of the SPIE, Security and
Watermarking of Multimedia Content, San Jose, USA, vol. 4675,
pp.621-628, 2002.

H. Kang, “A vector watermarking using the generalized square
mask,” Proc. Of the International Conference on Information
Technology: Coding and Computing, Lasvegas, NV, USA,
pp.234-236, 2001.

- 44 -



[16]

[17]

[18]

V. Solachidis, N. Nikolaidis, and I. Pitas, “Watermarking polygonal
lines using Fourier descriptors,” Proc. of the IEEE International
Conference on Acoustics, Speech and Signal Processing, Istanbul,
Turkey, vol. IV, pp.1955-1958, 2000.

R. Ohbuchi, H. Ueda, and S. Endoh, “Watermarking 2D vector
maps in the mesh-spectral domain,” Shape Modeling International,
Seoul, Korea, pp.216-228, 2003.

Y. Li and L. Xu, “A blind watermarking of vector graphics
images,” Proc. the Fifth International Conference on Computa—

tional Intelligence and Multimedia Applications, pp.27-30, 2003.

[19] C. L'opez, “Watermarking of digital geospatial datasets: A review

[20]

of Technical, Legal and Copyright issues,” International Journal of
Geographic Information Science, vol.16, no.6, pp.589-607, 2002.

K. T. Park, K. I. Kim, H. Kang, and S. S. Han, “Digital geo—
graphical map watermarking using polyline interpolation,” Proc. of

the IEEE Pacific Rim Conference on Multimedia, pp.58-65, 2002.

[21] H. Sonnet, T. Isenberg, J. Dittmann, and T. Strothotte, “Illustration

[22]

[23]

watermarks for vector graphics,” Proc. of the 1Ith Pacific
Conference on Computer Graphics and Applications, pp.8—10, 2003.
R. Ohbuchi, H. Ueda, and S. Endoh, “Watermarking 2D vector
maps in the mesh-spectral domain,” Shape Modeling International,
Seoul, Korea, pp.216-228, 2003.

R. Ohbuchi, S. Takahashi, T. Miyazawa, and A. Mukaiyama,
“Watermarking 3D polygonal meshes in the mesh spectral domain,”
Proc. of the Graphics Interface 2001, Ontario, Canada, pp.9-17,
2001.

_45_



[24] B. J. Jang, K. R. Kwon, K. S. Moon, and Y. Huh, “A New Digital

[25]

Watermarking for Architectural Design Drawing Using LINEs and
ARCs Based on Vertex,” IWDWZ2003, pp. 565-579, Oct. 2003.

H. K. Park, Y. D. Moon, H. T. Chung, E. S. Kim, and K. R.
Kwon, “Digital Watermarking for 3D CAD Drawing Based on
Vertex Data,” ALPIT2005, pp. 473-476, June 2005.

[26] H. J. Chang, J. H. Kim, S. H. Lee, K. S. Moon, B. K. Cha, and K.

[27]

[28]

[29]

[30]

[31]

R. Kwon, “A Digital Watermarking of GIS Data Using the Polyline
Characteristics,” FCV2008, pp.8-13, Jan. 2008.

A A, AeT, wFA oA AVlE, ‘LY oy FAFAHE
o] &3 R HA|=d" ¥ wlA] " [PIU200S, pp.186, 20083 2.

A, A7)F, 3D eHAE mde] Ty

FA AL ol&3 Hx 7|9 3D HEuLA 7]H) d3AxF 53
stA St E ol 3] =< 7, pp.543544, 2007 12¢

FE7A, o] A& ol &4, i BA, 7%, ‘FASA FFe IAHE o
dg 29 vk 71 H) sk EE R Yo sk &
A= d R3] =wF, pp.36, 2007 5.

w54 A71%, “Polyline 548 o]&3F GIS
dolg e tAg EnE) SdardE R o3 FA st R 3

3, pp.39, 2007 114.

o
ftlo
2o
o
rot
w
)
I

A4, BT, AeF, A%, AVE, “Felwd Jas 54
FAAAS o &3 A Hn vloe AErh,” ek 438l oA 5
=W R3] =71, pp.639-640, 20081 6.

_46_



HA

o

Ry 2%

3

]_

=13 o]

=)

o]

AL 2

[e)

o

o

Aol Al stde] 713lE FAlaL AdAY B2 Aok 7t

AW, o} &3 v}

-

p—

»AD
el
alg
4
)
M
il
o

—

)

B

s
b

il

NH

ol
i

!
i+
B

B

e

<

—_—

N

Jow I=dun. 19

=)

Tl

9 34 B Aol

1

kel
o

al

o
NR

2]

-

o
joby

= A

s

l

S

A eomp o] Al

ifl
fro)
el

s

o

Rk

o Al &=

k-3

g om A

o

=

LS

o)

-

Ul 28z MCSP 34 A

et g7l ElA FA=HY

Ajm
R
Mo

<

_En
gl

)A

pjJ
™
o)
o
Tor

il
!

A, A YA

5

AABFEAE B,

LOH
e

3
el

o

0y
T
=)
)
N

2008 8¢9 # & A =9

_47_



	Ⅰ. 서론
	Ⅱ. GIS 데이터 체계 및 구조
	Ⅲ. 기존의 디지털 맵 워터마킹 알고리즘
	Ⅳ. 제안한 워터마킹 알고리즘
	4.1 워터마크 삽입 알고리즘
	4.2 워터마크 검출 알고리즘

	Ⅴ. 실험 결과 및 분석
	Ⅵ. 결론
	［참고 문헌］


