JP 2010-157993 A 2010.7.15

(19) BFREREHFT (JP) X M A EA) (1) s A RS
$5682010-157993
(P2010-1579934)
(49 2B  FR2%7H158 (2010.7.15)
(51) Int.CI. F1 F—=a—F (%)
HO4N 1/387  (2006.01) HO4N  1/387 5BO57
GO&8T 1700 {2006.01) GOosT 1/00 5008B 5B109
GO6F 17/t {2006.01) GOBF 17/21 570M 5C076
FSEER KWK BREOM R OL HESHE (&4 H)
(2l HEES $EE2009-241422 (P2009-241422) | (71) HEEA 597067574
(22) HEEH SERR21EE10H 208 (2009.10.20) WKLY V2N )u s - S
(G1) EEIETRBR  12/247,277 I S NSO T SRt
(32) ®scH ERR20512H31H (2008.12.31) FTANVAERE., vHFo—v VI, »
(32) @ETEE  KE (1S YY)y, Fa—FBIL 201
201 BROADWAY, CAMBR
1 DGE, MASSACHUSETTS
02139, Uu. S. A.
(74 1RIEA 100110423
#E+ Ef% EE
(74 fREE A 100084010
28+ HNl mA
(74 1R A 100094695
#B+ #k BL
BREIIRE

(64) [READEBR] XBMIZA v—Y#E02THE. RUERSEZEALTIENIZ A ve—Y 28 bl nE

GHoOooOooooooooo
gooobooboooooooobooooooooooon
gooooooo
gbogoooboobooboobooobooboao
oooobooooooooobooooooooooon
gboooboooboobooboobooboooobooo
gbooooboooboobooboobooobooooboao
ooooboooooooooooooooooooon
gooobobooooooooooooooooooon
gbooobooobooboobooboobooobooo
gbooooobouoboobooboobooboao
goooboooooooooooooooooooon
goooboooboobooboobooboooobooo
googao

ooooooo

150
\
155

ADFZER

EEFAXE

—

(ADFD YT tub)

141 —145

110

Aytr—T J

15
)

L‘140

SRR

S

>
137 rl:

ADF

] \ 115/)}

120
125

=
=
125"

X

ADF&EIR

]

125°



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy

e s s e e e e e e s e Y i
Ooooooo4oooooo o0 oo ooooDoooDoDooo0DooDooogogoooao
e s e e e e e e s e Y i

Ooooooooooooooooogodg

OO0 o0DoDoogogooooogogg
Oo0oooooooooogogQgog
OO0 oDoDoogogooooogogg

OO0 ooooogodg

OO0Ooo0oooogd
Oo0oo0oooogod
OO0O0Oo0oooogd
OooOoo0ooogod
OO0Ooo0oooogd
OooOoo0ooood
OoOoo0oooogd
R B

O
O
O
O
O

O
O
O
O
O
O
O

(2)

JP 2010-157993

2010.7.15

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y
s

O 0Ooooo
O oOoooo
O 0Ooooo
OoOoooo
O oOoooo
O oOoo0ooo
O oOoooo

O O oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O O0ooo

O
O
O
O
O
O
O
O
O
O

O O0Oo0oooogod
OoOoo0ooood
O Ooo0oooogod

O Oogoo
O Ooooo
O Ooogoo
O 0Ooooo

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooo0oooao
O Oo0oooao
O 0Oo0oo0ooao
O OooQgoooo
O 0Oo0oo0ooao
O Ooo0oooo
O O0Oo0oo0ooao

O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo

€))

goad

O
O

O
O
O
O

JP 2010-157993

goooooao

2010.7.15

gooano

10

20

30

40

50



OoOoooOoooooooOoooooooooDooooOoooOooooOooooooDoooDooooooooOooOood
ey A A A |

O Ooooo
O O o0goo
O Ooo0ooo
O OoOooo
O Oooo
OO oo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O 0Oooo
O Oooo
OO oo
O Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo

s ey e ey v e R A s [ Y I

O
O
(]

Ooo0oooooooooooooobDgooo oD oo oogoooogogoodg

OooooooooooQgoooao
Oo0DoDoooooooggoooao

OO0 oDooogog4Qgooood
Ooooooogoooodg
OO0 oDooogooood

O
O
O

OooooooogoQgooao

O 0Oooo
O Oooo

O0Oo0oooog
Oo0Ooo0oooo

Ooooocooooooogdg

O Ooooo
O OooOooo
O Ooooo
O OooOooo
O Ooooo
O OooOooo
O Ooo0ooo
O OooOooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O OooOooo
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao

O
O

OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O
O

4)

oono
oo

|

JP 2010-157993

gooooad

oad

OJ
O

O

OJ
O
O
O
O
O
O

O

O

O

2010.7.15

gooano

O

O

O

O

O

10

20

30

40

50



e e e Y Iy

OO0 oDoogogoooooogdg
OoooooooooooQgg
OO0 oDoogogogooooogogg
OoooooooooogooQgdg
OO0 oDoogogogooooogogg

Iy e A

OoOooOooooo0ooooo4o00 oo ooo oD ooDooooDUoooDoDoooooooao

s A s e s e e s e e e Y o A
Ooooooo0oooooo0ooDoooo0oooDoDoooooooaoo
s A s e s e e e e Y o A

O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Ooo
O Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O OoOgoo
O Ooooo
O OoOgooo

O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O 0o oo
O 0Oooo
O Oooo
O Oooo

O0Ooo0oooaoo
O Ooo0oooo
O0Ooo0oooaoo
O Ooo0oooao
O0Ooo0oooao
OOooOoooao
O0Ooo0oo0ooaoo
O Ooo0oooao
O0Ooo0oo0ooaoo
O 0Ooo0oooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oo0ooao
O Ooo0oooaoo
O 0Ooo0oo0ooao
OOoo0oooaoo
O 0Oo0oo0ooao
OOoo0oooaoo
O 0Oo0oo0ooao
O0Ooo0oooaoo
O 0Oo0Oooo
O0Ooo0oooaoo

O0Ooo0oooaoo
O 0Oo0oooaog
O0Ooo0oooaoo
O OooOooo
O 0Ooooao
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo

O Ooooo
O OoOgooo
O Ooooo
O OooOooo
O Ooo0ooo
O OooOooo
O Ooo0ooo

O 0Ooooo

O Ooooo

O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O O0Oogoao

O 0O oo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0ooo
O Oooo
O 0Ooo
O Oooo
O 0O oo
O Oooo
O 0Oooo
O Oooo
OO oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O 0Ooooo

O Ooogoao

O 0Ooo0ooo

O Ooogoao

O 0Ooo0ooo

O Oooo

O Ooogooo
O 0Oooo

O 0Oooo

O Oooo

O
O
O
O
O
O
O
O
O
O
O
OJ
O

O O0ooo

O Oooo

O O0ooo

O Oooo

)

O O0ooo

O Oooo

O 0ooo

O Oooo

O 0ooo

O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O Oooo

O o0ood

|

O Oooo

JP 2010-157993

O O0OoOooo
O Ooooo
O OoOgoao
O Ooooo
O Ooogoao
O Ooooo
O Ooogoao
O Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O 0Ooo0ooo

O 0O oo
O Oooo
O Ooogoo
O Oooo
O Oooo
O Oooo
O Oooo

OJ
O
O
O
O
O
O

O
[
O
O
O
O

O O0ooo

O
O
O
O
O

O
O
O
O
(]

2010.7.15

O Oooo

O 0Oooo

O
O

O Oooo

O O0ooo

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

OooocooooooooOooo
Ooooooooooogoao

O oOoooo
O 0Ooooo

O
O
O
[

Ooooooo0oooooo4o0ooDoooo oD oDoDoooooDooogogooao

OO0 o0oooodUooDooo4ggoooooogdg
Ooooooo0oooooooooooQgdg
OO0 oDooo4odooDooo4ggooooogdg

O 0Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0OoOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoao
O 0Ooooo
O 0Oo0ooOoao
O Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O

OoOo0oogooogoo

OJ
O
OJ

OoooooQgooao

O Ooo0ooooao
O Oo0ooooaog

Oo0oooogodgogooao
OoooooQgooo
Oo0ooogoQgogoao
Ooo0oooQogooo
Oo0ooogoQgogoao
Ooo0oooQgoao
Oo0ooogogogao
Ooo0oooOoogoao
Ooooogogogao
Ooo0oooOoogoao
Ooooogogao
Ooo0oooQoogoao
OoooooQgogoao
OoooooOoogoao
OooooQgogoao
OooOooooOoogoao
Ooo0oooQgogao
OooOooooOoogoao
OooooQgogoao
OooOooooOooOoao
Oo0oooQgogoao
OOo0ooogo-gogao
Oo0oooQgogoao
OOo0o0ooogogogao
Oo0oooQgogoao
OOo0o0ooogogogo
Oo0oooQogogoao
Oo0ooogogogao
Ooo0oooQoogoao
Oo0ooogogogao
Ooo0oooOoogoao
Ooooogogao
Ooo0oooOoogoao
OoooogoQgogao
Ooo0oooOoogoao

Oooo0oooQgod
OoOoo0ooogd
Ooo0o0oooQod
OoOoo0ooogd
Oooo0oooOodg
OoOoo0oooogd
OooOoo0oooOod
OoOoo0ooogd

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O

O0Ooo0oooao
OOoo0oooao
O0Ooo0oo0ooao
O 0Ooo0oooao
O0Ooo0oo0ooao
O 0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O 0Oo0oo0ooao
O Ooo0oooao
O 0OoO0Oooo
O0Ooo0oooao
O 0Oo0Oo0ooao
O 0Ooo0oooao
O 0OoO0oooao
O0Ooo0oooao
O 0Ooo0oooo
O0Ooo0oooao
O Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O0Ooo0oo0ooao
O Oooooao
O0Ooo0oo0ooao

(6

oono
oo

]

JP 2010-157993

gooooad

oad

O

O

O

O

2010.7.15

gooano

O

O

O

O

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O Ooooo
O O0OoOooo

O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Ooo
O Oooo
O 0Ooo
O Oooo
O 0Ooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O

Ooooooooooaoo

OO0ooooogd
Oooo0ooogod
OOoo0oooogod
Oooo0ooogod
OOoo0oooogd
OoOoo0ooood
OOoo0oooogd

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O 0Ooo0oooao
O Oooooao
O 0Ooo0oooao
O Oooooao
O 0Ooo0oo0oo0oao
O Ooo0oooo
O 0Ooo0oo0oo0oao

P

[

O

JP 2010-157993 A

OJ
O
OJ
O
O
O

O d
[ |
O d
[ |
O d
O O

gooooad
u

OJ
O
OJ
O
O

2010.7.15

O Oooo
O 0Oooo

O
O
O
O
O
O

O d
[ |
O
O
O
O

gooooad
gooooad

procedural dis

10

20

30

40



tance

OJ
Ooooooo0oooooooooooogogogooao

e e e [ [y
s s s e e e R e ) e e e e e e s e s

OoOooooo4oooooo4o0oDoDooooooooogoQgoQg

Ti

Y A I Iy I B

e e e e e e e e e e [ O e A O

s s s e e e e s e e e s e [

OoooooooooooooooogQgQg

0

O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0ooogoao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Oooooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooaoo
O O0Oo0oooao
O Ooo0oooao

O 0Oooo
O Ooo0oooao

O Ooo0ooooao
O O0oooooaog
O Ooo0ooooao
O Ooo0ooooaog

OooooogogQg

O Ooo0ooooao
O Oo0ooooaog
O OoOo0ooooao
O Oo0ooooaog
O Oo0o0ooooao
O O0o0ooooaog
O Ooo0ooooao
O Ooo0ooooaog
O Ooo0oo0oooao
O Ooo0ooooaog
O Oo0oo0oo0oooao
O Oo0ooooaog
O Ooo0oo0oooao
O Ooo0ooooaog
O Ooo0oo0oooao
O Oo0o0ooooaog
O Ooo0oo0oooao

O Oooo

O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
OoOoooo
O oOoooo
O oOoo0ooo
O oOoooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooo0oo0oao
O O0OoOooo

O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
(]
O
O
O
O
(]
O
O
O
O
O
O
O
O

OoOoooogogdg

O0Ooo0oooao

OooooogogQg

OOooooggdg

O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo

O
O
O
O
O
O
O
O
O
O

O0Ooo0ooao
O0Ooo0oooaog
O0Ooo0o0ooa.o
OOoo0oooaog
O0Ooo0oooao
O0Ooo0oooaog

OooooogoQgoQ

OOoo0ooogogdg

Ooooooogoogao

OOoo0oooogod
OOoo0oo0oood
OOoo0ooood

O O0ooo
OOoo0oooog
O0Ooo0oo0ooao.o
O0Ooo0oooao
O0Ooo0Ooo0ooao
OoOoo0oooog
O0Ooo0Oo0ooao
OOoo0oooog
O0Oo0Oo0ooao
I B
OO0Oo0oooog
O0Ooo0oooao
OO0Oo0oooog
OOoo0oooao
O0Ooo0oooog
O0Ooo0oooao
O0Ooo0oooog
O0Ooo0oooao
O0Ooo0oooog
O0Ooo0Oooao
O Ooo0oooaog
O0Ooo0oooao

O 0Ooo0ooao
OOoo0ooood
O0Ooo0oo0oood
OOoo0ooood

Id00o0oDooooooooon

C))

OOoo0ooood
O0Ooo0oo0oo0ood
OOoo0ooood
OO0Oo0Oo0oo0ood
OOoo0ooood
O O0Oo0Ogooao

O Ooo0ooOoao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O OoOooo
O Ooooo

O

O OO
| |
[ i R |
[ o R |
O OO

OOoo0ooood
OO0 ooogod
OOoo0ooood
O 0Oo0oooogod
O0Ooo0ooood
O O0Oo0oooogod
OOoo0ooood
OOoo0oooogod
OOoo0oo0oood
OO0Ooo0ooood
O0Ooo0o0oood
OOoo0oooogod
OOoo0oo0oood

ooooao
Continuos
ooooao
0ooo
ooao
Ooono

O OO

O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O o0oooo
O Ooooo
O oOoooo
O Ooooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao

JP 2010-157993 A 2010.7.15

gooooobbooooo
goboboooobbogod
gboboboooobboodgad
gooooobooooao
gooboooobbogod
gooooooan
gbobobooooboboogodd
gboboboooobboodgad
oo’ ocooboboboooad
gooboooobbogood
gboooooobood

O d
O O
O d
O O
O d
O O
O d
O O
O d
O O
O d
O O

OOoo0oooaog
O0Ooo0o0ooao.o

gooooooooogd
Stroke Modulationd O O
gooooooooood
goooooooood
goooooooooda
ooooooooooo

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

Oo0oooooo0 oo oo o0 oo oooo0DoDoDoDoo4o0oooooog

Ooooooooooooooooogodg

Oooooooogoooooogao

OoOo0ooOooooo0ooooo4o00 oo oooo0D oo oDoooDoooDoDooo0ooooaono

)y A A |

OoooooooooogooQgdg

OO0 o0oDoo4dooooo4ggooooogoggogooao

Ooo0oOooooo4ddoooouUouUUUoooDooggooooog -

OJ

O
O
O

Oooooooogg
OOooooogg
OoooooooQgdg
OOooooogdg
Oooooooogodg
OOoooooogg
Ooooooogdg
OOoooooogg

O 0Ooo0ooo
O O oQgogo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0gooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo

O o0 oooogogo
O oD oooogogog
oo oooogogo
O oD oooogogog
oo oooogogo
O oo ooogogog
Oooooooogogo

O 0Oo0oooo

OoooooQgogoao

O
O
O
O

O
O
O
(]
O
O
O
O
(]
O
O
O
O
O

O 0OooOooog
O 0Ooo0ooao
O 0Ooooo
O 0Ooo0ooao
O 0Ooooo
O 0Ooooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O 0Ooooo
O 0Ooo0ooao
O Ooooo

Ooooogogaog

OoooooQgogoao

Ooooogogaog

OoOoo0ooood
OOoo0oooogod
OoOoo0ooood
OOoo0oooogod
OoOoo0ooood
OOoo0oooogod
OoOoo0ooood
OOoo0oooogod
OoOoo0ooood
OoOooooogod
Oo0Ooo0oo0oood
OOooooogod
Oo0Ooo0Ooo0oood
OoOoo0ooood
O0Ooo0ooood
OOoooood
OO0Ooo0oooogod
OOoooood
OO0Ooo0oooogod
OoOoooood
O0Ooo0oooogod
OoOoooood
OO0Ooo0oooogod
OoOoooood
OOoo0oooogod
OoOoo0ooood
OOoo0oooogod
OoOoo0ooood
O0Ooo0oooogod
OoOoo0ooood

O Ooo0oooao

O d

O Ooo0ooOoao

O O

Ooooooogoogo
O o oooogogog
Oooooooogogo
O o oooogogog
Ooooooogogoo
oo oooogogo

Oooooogg
Ooooooogodg
Ooooooogg
Oooo0ooooQgodg
Oooooooogdg

O Oooo
O 0Oooo
O 0Oooo

O
O oOooo
O o0ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

€))

goad

O 0Ooo0ooooao
O Ooo0ooooao
O O0Oo0oo0oo0ooao
O Ooo0ooooo
O O0Oo0oo0oo0ooao
O OoOo0ooooaoo
O O0Oo0ooooo
O Ooo0ooooo
O O0Oo0ooooo
O Ooo0ooooaoo
O Oo0ooooaog
O Ooo0ooooaoo
O O0Oo0ooooaog
O Ooo0ooooaoo

O O

OooOooooOoogao

O Ooooo

O 0Ooooo
O 0Oo0oo0oao
O 0Ooooo
O 0Oo0ooo
O 0Ooooo
O 0Oo0ooo
O 0Ooooo
O 0OoOooo
O 0Ooooao
O 0OooOooog
O 0Ooo0ooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O 0Ooooo
O 0Ooo0ooao

O
O

OoooooOogao

O
O
O
O
OJ
O

O oOoooo

O O

OooOooooOoogano
OoooooQgogao
OOo0ooogogaog
OoooooQgogao
OOo0ooogogaog
Oooooogogao
OOo0ooogogaog
Ooooooogogao
OOo0ooogogaog
OoooooQgoogao
Ooooogogaog
Ooooooogoogao
OoooogogaoQg
OoooooOoogao
Ooooogogao
OoooooOooQgao

O

JP 2010-157993

goooooao

A I o R |

O d

]
O
[
O
O
O
O

O Ooo0ooooaoo
O Oo0ooooao
O 0Ooo0oo0oooao
O 0Ooo0ooooaog
O 0Ooo0ooooao

O

2010.7.15

gooano

O Oooo
O 0Oooo

O
O
O
(]

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

Ooooooo0ooooooooDooogogooooaog
OO0 oooo0oU0ooDoDooUgUoUoDoDoo4gooooaog
OoooooooooooooDooogogooooaog
OOo0ooogo0gU0ooDoDooUogUoooDoDoogogoooaog

OoOoooooo0ooooo4o0ooDooo 4o ooooogogoQgg
OO0 o0oooodoooouUooddUooDooUooUgooooogogg
OoOoooooo0oooooo0ooDooooooooogogoQgog
OO0Do0oooodoooouUodoooDooUoUUoooooggg

O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0ooo
O Oooo
O 0O oo

O Ooo0oooao
O Oogoo
O Ooooo
O Ooogoao
O 0Ooooo
O Ooooo
O 0Ooo0ooo
O Ooogooao
O 0Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooo
O O0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O O0OoOgoao
O Ooooo
O O0OoOooo
O Ooooo
O OoOgoao
O Ooooo
O Ooogoao
O Ooooo
O Ooogoao
O Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O 0Ooo0ooo

Oooo0ooogoogoao
Ooo0ooogogoao
Oooo0ooogoogoao
Ooooogogoao
Oooo0ooogoogoao

O
O
O
O
O

O
O
O
O
O
O
O
O

O 0Oo0oooo
O O0Oo0gooo
O 0Ooo0oooo
O Oo0gooo
O 0Ooo0oooao
O O0Oo0goooao
O 0Oo0oo0ooo
O O0Oo0oooao
O 0Oo0oo0ooao
O Ooo0oooo
O 0Oo0oooao
O Ooo0oooo
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Oo0oo0ooao
O O0Oo0oooo
O 0Oo0oo0ooao
O O0Oo0oooo
O O o0OoOooo
O O0Oo0oooo
OO oO0oooo
O O0Oo0oooo
O Oo0gooo
O O0Oo0oooo

O
O
O
(]
O
O
O
O
(]
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OooooogQg™g

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

Oooooggdg

OooooogdgQg

Oooooggdg

OooooogodgaQ

Oooooogdg

Oooooggdg

OoooooooQgodg

Oooo0ooogoQgQd

Oooooogdg

Oooooggdg

OooooooQgodg

OoooooogodgQd

Ooooooogdg

Ooooooggdg

OooooooQgodg

OoooooogodgQd

Oooooooogg

OoooooggQg

OooooooOodg

I |

(10)

Oooooooogdg

OoooooggQg

OooooooOodg

I sy |

Ooooooogdg

OoooooggQg

Ooooo0oooodg

I |

Oooooooogg

OooooogQgQg

Oooooooogoadg

OooOoo0oooogad

Oooooooogg

OooooogQgQg

Oooo0ogoood

O

Ooooo0oogoood

O

Oooooooogdg

OooooogQgdg

JP 2010-157993

O
O
O
O
]
O
]

OOo0Dooooggdg
Oooooooogdg
OoOooooogdg
Ooooooogdg
Oooooogdg
OooooooQgdg
Oooooogdg

O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O 0Ooooo
O 0Ooo0ooao

Oooooogogdg
OooooogQg™g
Oooooggdg
OooooogQgdg
OOooooggdg
OooooogoQgQg
Oooooggdg

O O
O O
O O
O O
O O
O O
O O

O
O
O
O
O

OooooooQgdg

OoooooogoQgQd

O
O
O
O

O
O
O
O
O

2010.7.15

OoOooooogdg

OOooooggdg

OooooooQgodg

OoooooogoQgQd

Ooooooogdg

Ooooooggdg

OooooooQgodg

OoOoo0oo0oood

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I

Oo0ooo40odo0ooDoDoo4ogoooooggdg

s s s e e e e s |

O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0ooogoao
O 0Ooo0oo0ooao
O Ooo0oooao

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O

Oooo0ooogoogoao
Ooo0ooogogoao
Oooo0ooogoogoao
Ooooogogoao
Oooo0ooogoogoao
Oooooogogoao
Oooo0ooogoogoao
Oooooogogoao
Oooo0ooogoogoao
Oooooogogoao
Oooo0oooogoao
Ooo0ooogogoao
Oooo0oooogoao
Oooooogogogoao
OoOoo0ooodgd

O0Ooo0oooaoo
O OooOoooaog
O0Ooo0oooao
O Ooo0oooaog
O0Ooo0oooao
OOooooaog
O0Ooo0oooao
O Ooo0oooao
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooOoao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
OO oOooo
O Ooooo
OO oOooo
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooooo
O OooOooo
O Ooooao

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Ooooooooooaoo

O

O
O
O
O
O
O
O

OO0 oooooggogog
OoooooooQgoo
OOo0oooooggogo
OoooooooQgoo
Oo0oooooggogoo
OooooooooQgoo
OOo0ooooogoggogoao
OooooooogoQgoogoo
Ooo0ooooogQgogoo
Ooooooooogoogoao
Ooo0ooooogQgogoo
Ooooooooogoogoao
Oo0ooooogQgogoo
OoooooooQgoogoao
Ooo0ooooogogQgogoo
Oooooooooogoao
Oo0ooooogogQgogoo
OoooooooOooOoao
Ooo0ooooogogQgogoo
OO0 oooooggogaog
Ooo0ooooogoQgogoo
OO0 oooooggogo
Ooo0ooooogogQgoo
OO0 oooooggogog
OooooooogoQgogoo
OO0 oooooggogo
OoooooooQgogoo
Oo0oooooggogao
OoooooooQgoo
Oo0oooooggogoao
OooooooogoQgoo
Oo0oooooggogoao
OoooooooQgooo

O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O 0Ooogooo
O 0Ooo0ooo
O 0Ooogooo
O 0Ooo0ooo
O 0OooOgooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooooo
O O oOgoogo
O 0Ooooo
OO ogogo
O 0Ooo0ooo
OO oOgogo
O 0Ooooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo

1)

OooooogoQgdg

I [ |

Ooo0ooogQgdg

OoOoo0oo0ooodgao

OooooogQgdg

O

[

O Oooo0oo0oogoood

O

OooooogooQg-g

JP 2010-157993

0

OOo0oooooggdg

od

OooooogoQg-g
O 0Ooooood
OoOoooood
O 0OooOooood
OooOoooood
O Ooooood
OoOoo0ooood
O Ooo0ooood
OoOoo0ooood
O Ooooood
OoOoo0ooood

2010.7.15

O Oooo
O 0Oooo
O Oooo
O 0Oooo

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

OoOoooooo0ooooo o0 oo ooooDoDoDoooooooogdg

O0Ooo0ooog
OoOoo0ooogdg
OO0Oo0ooog

Oo0ooooooooooogogooooog
OO0 o0ooDoogogUooDoDoogogoooaog
Oo0ooooooooooogogooooo
OO0 o0ooDoogogoooDoogogoooaog

OO0 o0ooo0o0U0ooDoDoogoUoUoDoDooUogoooogdg
OoooooooooooooDooooooooogdg
e s e e e s e s [ |

O oOoooo
O Ooooo
O oOoooo
O Ooooo
O oOoo0ooo
O 0Ooooo
O o0Ooo0ooo
O oOoooo
O oOoooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
(]

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
(]
O
O
O

OOoo0oooodg
O 0O0o0ooood

OOoooood
O0Oooooogd

O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O
O
O
O
O
O
O

OoOoo0ood
O o B
Oo0Ooo0ood
O o B
I B B
OoOoo0ooodg
Oo0Ooo0ood
OOoo0ooodg
I R B
OoOoo0ooodg
O0Ooo0oood
OoOoo0ooodg
O0Oo0ood
OoOoo0ooodg
O0Ooo0oo0ood
OoOoo0ooogdg
O0Oo0oood
OoOoo0ooodg
OO0oOo0ooodg
Oo0Ooo0ooodg
OO0Oo0ooodg
OoOoo0ooodg
OO0Oo0ooodg
Oo0oo0oood
OO0Oo0ooodg
Oo0Ooo0ood
OO0Oo0ooodg
Oo0Ooo0ood
OOoo0ooodg
Oo0Ooo0oood
OoOoo0ooodg
Oo0Ooo0ood

O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O O0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O O0OoOgoo
O Ooooo
O O oOooo
O Ooooo
O OoOgoo
O Ooooo
O Oogoo
O Ooooo
O Ooogooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

(12)

O Oooo
O 0ooo
O Oooo
O 0Ooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O O0ooo

]

[

O

JP 2010-157993

O
O
O
O
O
O
O

OJ
O
O
O
O
O
O

O
O
O
O
O

O
O
O
O
O

2010.7.15

10

20

30

40

50



I ey e s e e e sy e s e |
e e s e e e e sy e s o A
I ey e e R e sy e s |
e s e e A e e e e e s A |
I ey e e e e sy e s o B |

OO0 Do ooo4QoooDooggogoao

O Oooo

O0Oo0oooog

O0Ooo0ooodg
OoOoo0oood
OOoo0ooodg
OoOoo0oood
OOoo0ooodg
OoOoo0oood
OoOoo0ooodg
Oo0Ooo0oood
OoOoo0ooodg
O0Ooo0oood
OoOoooodg
O0Ooo0oo0ood
OoOoo0ooodg
O0Ooo0oood
OoOoooodg
O0Ooo0oo0ood
OoOoo0ooodg
O0Ooo0Ooood
OoOoo0ooodg
O0Ooo0Ooood
OoOooood
OO0Oo0ooodg
OoOoo0ooodg
OO0Ooo0ooodg
OoOoo0oood
OOoo0ooodg
Oo0oo0oood
OOoo0ooodg
OoOoo0oood
OoOoo0ooodg
Oo0Ooo0oood
OoOoo0ooodg
O0Ooo0oood
OoOoooodg
O0Ooo0oood

OOoo0ooood
O0Oooooogod
OOoo0oood
O0Ooo0oooogod
OOoo0oood
O0Ooo0oooogod
OOoo0oood
O0Ooo0oooogod
OoOoo0oood
OOoo0oooogod
OoOoo0oood
OOoo0oooogod

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O

O Oooo

O Oooo

O
O
O
O
O
O
O
O
O
O

O 0Ooo0ooo0oao

(13) JP 2010-157993 A 2010.7.15

goooooooboboooooboooooobooboao
ooocooooooao

depacketizeD O OO D OOODODOOODODO
u

O Ooo0oooao
O 0Ooo0ooOoo0oao
O Ooo0oooao
O 0Ooo0ooOoo0oao
O Ooo0oooao
O 0Oo0ooOoo0oao
O Ooo0oooao
O Oo0ooogoaog
O Ooo0oooao
O Oo0ooogoaog
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0ooogoao
O Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0oo0oao

O
O
O
O
O
O
O
OJ
O
OJ
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
OJ
O
OJ
O
O
O
O
O
O
O
O
O
O
O

10

20

30



JP 2010-157993 A 2010.7.15

(14)

oggoao

ogogoano

(=]
o

chg
Askrins £ = T
( qn
gcz {
sz oLz
et 3
A AH_ FHOEE AH_ wR4aY
ﬂ d 9z )
sz ovz / 0ez
(racqodaw)| | . zre
=% : E: 4 — dav \ ......
2 Y
shg-— e g€z _ M
001 W — W\1
( % s
951 f NV/ ’
\) ,.\ulN_»H.X. _MV
(1t ot e )
/\ M seclk
951 S
SXUHEE \ s | oBx
SiL (]
\ ovl ozt
ssi )
WE4ay AH_ A4 AH_ wEIQY
LEL
<
SO 0
ost (467 40 HaV) C Jav ot
P R :
T I e
[ D T Tl R ) | mmw

ggoano

ggono




JP 2010-157993 A 2010.7.15

(15)

oggoao

ogogoano

019 095

G—ase | | &R
SuAH | 003

S L HE ﬁ
A CEEH EXCLEZR
SRV @E zaav [ G—BAC T EE

oS
WAGLry 1

09¢

(

| S EHTA—XEBEIX

BRI
W CHHZEX

0c9

Qmm owm Q 1S
@hb\:.&\ YR E Jpe iy
#4av FG—A0K At i 003

fcmm

G—ACEQURTE@E

hy Los

_ HAV O BN EE 7

\/A c0s




(16) JP 2010-157993 A 2010.7.15

gooooooaoo

H000

(74000

H000

HO000

(72000

(72000

(72000

100111648

gooooood

100122437

ooooooooo

100147566

goooooooad

100161171

gooooooooo

goooooood
ugboobobooooobobbooouoobobooooobooboooooobobooooooon
gooooooo

goooobooogoo
goboboboboooooobobooooooboobooooooobooooooooaaoon
gooooooood
gooobobooooobobbooooooobooboooooobooboooooooobobooooooooon
goo

OOO0O0O((@O) 58057 AA11 CA12 CA16 CB12 CB16 CB19 CEO8 CGO7
goooO OO0 58109 RAOS TB13
ooO0O OO 5C076 AA14  BAO6



17 JP 2010-157993 A 2010.7.15

gooooooanb

Title of Invention
Method for Embedding Messages into Documents Using Distance Fields

Related Patent Application

The following patents and patent applications, relevant to the present
application, and are incorporated herein by reference:

a. U.S. Patent No. 6,396,492, issued May 28, 2002, entitled “Detail-
directed hierarchical distance fields;”

b. U.S. Patent No. 7,002,570, issued February 21, 2006, entitled “System
and Method for Generating Adaptively Sampled Distance Fields with
Bounded Distance Trees;”

c. U.S. Patent No. 7,034,845, issued March 13, 2007, entitled
“Antialiasing an Object Represented as a Two-Dimensional Distance
Field in Image-Order;”

d. U.S. Patent No. 7,123,271, issued October 17, 2006, entitled
“Antialiasing a Set of Objects Represented as a Set of 2D Distance
Fields in Image-Order;” and

e. U.S. Patent Application No. 12/329,869, filed December 8, 2008,
entitled “Method for Embedding Message into Document.”

Field of the Invention
This invention relates generally to embedding messages into documents, and

more particularly to embedding and detecting messages in documents using

distance fields.
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Background of the Invention

Watermarks

Watermarks are often embedded in documents as messages. The embedded

messages can be used, e.g., for security, privacy, and copyright protection.

Watermarking for paper “hard-copy” documents differs from electronic
“soft-copy” watermarking. For soft-copy documents, all operations such as
watermark insertion, document copying, document degradation and watermark
extraction occur in the digital domain, e.g., in PDF or Postscript documents. On the
contrary, in the case of hard-copy documents, document degradation occurs in the
hard-copy domain. Watermarks in hard-copy documents can be degraded when the
documents are copied, scanned, faxed or otherwise manipulated. Hard-copy
watermarks can also be physically damaged, e.g., crumpled, or torn intentionally or

unintentionally.

Glyphs

A glyph, as defined herein, is a fundamental graphic object. The most
common examples of glyphs are text characters or graphemes. Glyphs may also be
ligatures, that is, compound characters, or diacritics. A glyph can also be a
pictogram or ideogram. The term glyph can also be used for a non-character, or a
multi-character pattern. As used herein, a glyph is some arbitrary graphic shape or

object, which could be 2- or N-dimensional, where N is an integer larger than 2.
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Message Embedding

There are a number of known methods for embedding hidden messages in
media signals such as images, video, and audio. However, embedding hidden
messages inside structured glyphs is a difficult problem. Even small changes to the
structure, e.g., spacing and orientation, can be detected by the human visual system.
Accordingly, changes to the glyphs, for the purpose of watermarking, must be very

small.

This problem is even more difficult in the case of hard-copy watermarking,
A hard-copy document can undergo physical deteriorations when it changes hands,
is torn, or folded. A message that would have been detectable in an electronic
version of the document can be lost when the printed document is photocopied or

scanned, e.g., subtle changes in gray level will be lost after copying.

Conventional Message Embedding Methods

Some conventional message embedding methods treat a text document as an
image and use image-based watermarking techniques. One disadvantage of these
methods is that they do not work well with printers, which primarily operate on
bitmapped representations of individual text characters or half-tone representations

of colors and shades.

Another conventional method slightly alters the color of characters such that
the difference is imperceptible to the eye, but can be sensed by a scanner. Because

the embedded message is invisible, it is difficult to alter the watermark. However,
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the disadvantage of this method is that the small differences in color or gray-level

are easily lost when the document is copied.

Another method modulates the distance between individual letters or
between individual words or between successive lines of text. At low embedding
rates, this method is nearly invisible to the eye, and survives copying. However,
the disadvantage of this method is that at high embedding rates, the non-uniform
distances between the characters, or words or lines becomes visible and annoying

to a reader.

Another method employs the effect of dithering by placing a checkerboard-
like black-and-white pattern of dots on the border of entire character, making the
entire character narrower or wider than normal. However, this method is not robust
to photocopying because the individual dot patterns would be too small to be

retained after photocopying.

Another method embeds a pseudo random pattern of dots in the background
of the document irrespective of the location of the text. The dots, although
relatively unobtrusive, can still be easily removed. Further, the dots are small and

may not survive more than one round of photocopying.

Dirty Paper Coding

Dirty Paper Coding (DPC), also referred to as “Writing on Dirty Paper” is a
method of encoding a message in the presence of some side information. The side
information is known to the encoder but not to the decoder. The side information

generally consists of some interfering signal at the encoder. The encoder’s task is
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to encode the desired message in such a way that the decoder must be able to
recover the message without possessing any knowledge of the interfering signal. In
other words, the decoder should be able to read a message from a “dirty” document
without a priori knowledge of which portion constitutes the actual message and

which portion is noise. Hence the name “Dirty Paper Coding.”

Distance Fields

The shape of an object, e.g., a glyph, can be represented in a memory of a
computer system as a collection of sample points in an N-dimensional space.
Associated with each sample point is a distance from the sample point to a
boundary of the shape. The distances are positive or negative to indicate whether
the sample point lies inside or outside the boundary, and zero when exactly on the
boundary. The collection of sample points with the associated distance values is
called a sampled distance field. Distance fields can also be represented as analytic

procedures stored in the memory of the computer system.

We use the general term distance field to refer to all types of distance fields,

both sampled and non-sampled.

The distance field can be used to represent attributes other than the shape of
the glyph, such as color, gray-level, and texture. More precisely, there is a mapping
from the distance values of the distance field representing the glyph to density

values representing other attributes of the glyph.
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Adaptively Sampled Distance Fields (ADFs)

In an adaptively sample distance field (ADF), the density of the sampled
points depends on the level of detail required to represent different parts of the
shape. For example, complicated local variations may require a higher density of
sample points. Thus, the ADF is a representation that enables processing of

arbitrary shapes, e.g., glyphs such as text characters, cartoons, and logos.

Summary of the Invention

It is an object of the invention to provide a method for embedding a message

in soft-copy and hard-copy documents as a watermark.

It 18 a further object of the invention to provide such a method that the

message is unobtrusive to a reader of the document,

It is a further object of the invention to provide such a method that is suitable

for embedding a relatively large message.

It 1s a further object of the invention to provide such a method that the
cmbedded message extraction is resistant to physical deteriorations of the

document.

It is a further object of the invention to enable physical copying of the

document without destroying the message.
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The invention results from the realization that by modifying distance values
in a distance field representing a glyph, it is possible to modify the shape of that

glyph in subtle ways thereby embedding a hidden message in a document.

The invention further results from the realization that by modifying the
density values associated with the underlying distance field of a glyph, it is
possible to modify the appearance of the glyph thereby embedding a hidden

message in a document.

Dirty Paper Coding (DPC), also referred to as “Writing on Dirty Paper”, is a
method of encoding a message in the presence of some side information. The side
information is known to the encoder but not to the decoder. In the context of
watermarking based on DPC, the watermark plays the role of the message to be

encoded while the document plays the role of the interfering signal at the encoder.

Adaptively sampled distance ficlds (ADFs) have been widely adopted as the
underlying data structure for representing scalable character fonts for digital
displays. Essentially, the ADF contains distance values, which represent the shape

of a glyph as dictated by, e.g., the choice of the font.

Using ADFs for message embedding allows subtle modifications to the
shape and/or appearance of the character that are invisible to a common reader, and

can only be recovered by a detector designed for that purpose.

This enables embedding of tracking information, e.g., copyright information,
or authentication information inside portable document format (PDF) or Word

documents, images, videos, corporate logos, and printed documents. Potential
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applications of the invention include copyright protection, email tracking, file
transfer tracking, document authentication, tampering detection, and printer and

device forensics.

Brief Description of the Drawings

Figure 1 is a block diagram of a method for embedding a message of
symbols into a document including a set of glyphs according to embodiments of an

invention;

Figure 2 is a block diagram of a method for detecting a symbol of a message

in a document according to the embodiments of the invention;

Figure 3 is a block diagram of a quadtree representing a glyph according to

the embodiments of the invention;

Figures 4A-4B are respectively diagrams of an unmodified and modified

glyph according to the embodiments of the invention;

Figure 5 is a flow diagram of a method for embedding a message of symbols
into a document including a set of glyphs according to the embodiments of the

invention; and

Figure 6 is a flow diagram of a method for detecting a message of symbols
in a document including a set of glyphs according to the embodiments of the

invention.
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Detailed Description of the Preferred Embodiment

The example glyphs and documents described herein are represented by
Adaptively Sampled Distance Fields (ADFs). However, all the embodiments work
equally well with other types of distance fields, e.g., a regularly sampled distance

field or a procedural distance field.

The embodiments of our invention provide a method for embedding symbols
of a message into a document containing, i.e., including, a set of glyphs. For
example, shapes of the glyphs are represented using ADFs, and the distance values
in the ADFs are modified according to symbols of the message to be embedded.
This results in a modification of the shape of the glyph which is generaliy invisible
to the human visual system under normal viewing conditions. Thus, the slight
change in shape is difficult to locate and alter, while at the same time this change is

robust to operations such as photocopying of the document.

Message Embedding

Figure 1 shows a block diagram of a method 100 for embedding the symbols
of the message into the document including a set of glyphs according to an
embodiment of an invention. The document 120 includes the set of glyphs 125, for
example a glyph 125°. A glyph 1257 is a visual example of the glyph 125", The
glyph 125’ is represented 130 as an ADF 135. The ADF 135 includes distance
values. Alternatively or additionally, the entire document 120 is represented 130 as

a single ADF 135.
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A message 110 to be embedded into the document 120, includes a set of
symbols 115, for example a symbol 115", The method 100 represents 140 the
symbol 115 as modification data 145 of a subset 136 of the distance values in the

ADF 135.

In some embodiments of our invention, the subset 136 is selected from
candidate distance values 137 in the unmodified ADF 135. Only those distance
values of the ADF 135 should be candidates 137 for embedding, which when
moditied 150 result in an imperceptible change in the overall shape of the glyph
125°. One method for determining candidate distance values 137 measures the
changes in shape between adjacent cells of the ADF 135, which represent a
boundary of the glyph 125, and chooses as candidates 137 distance values of the

cells which are very similar to distances in neighboring cells.

Such candidates are used, for example, if the message will be embedded as a
slight modification of the local curvature of the glyph 125", Another method to
determine candidate distance values 137 chooses those portions of the glyph 125
where the sampling density of the ADF 135 is the highest. Such candidates are
used if the message 110 is embedded by rendering the glyph 125 at a slight
decrease in the sampling density. Another example of a method for determining
candidate distance values 137 chooses portions of the glyph 125" where the local
gradient either very high or very low. The gradient is on the boundary is calculated
from the distance values of the ADF 135 at the vertices of the cells containing the

boundary.

In some embodiments of our invention we use continuous stroke modulation

(CSM) for embedding the message 110 into documents that are to be displayed on
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an electronic display or paper. In those embodiments, the candidate distance values
137 in the distance field of the ADF 135 are associated with a set of density values
via a mapping function that depends not only on the shape of the glyph, but also on
other properties, such as illumination conditions, characteristics of the device or
medium on which the glyph is displayed, and so on. Examples of density values
include intensity of pixels, color values, gray-scale values, and textures associated

with glyphs in the document or with a part of the document itself.

To encode the message, the method 100 can choose to leave or to modify the
distance values 137, but perform subtle modifications only to the associated
density values. Those embodiments produce subtle local modifications in the gray-
level or color or thickness of the strokes of the glyph 125", which are detectable by
a machine but would go unnoticed by the human visual system. All the
deterministic and probabilistic techniques used to determine candidate distance
values to be modified can be applied to determine the candidate density values as

well.

Note, that not all candidate distance or density values need to be modified
150 for message embedding. Among the suitable candidates, the final selection of
distance values or density values in the ADF which will be changed can be done
using a secret key 141 which is known by the embedder, e.g., the method 100, and
by the detector, e.g., a method 200, see Figure 2. The subset 136 of the distance
values in the ADF 135, defines a part of a shape of the glyph 125° to be modified
to embed the symbol 115°. In embodiments in which the entire document 120 is
represented as the ADF, the subset 136 typically is associated with a shape of one

or more glyphs contained in the document 120.
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‘The modification data 145 includes information necessary to modify the
subset of the ADF 136 such that the symbol 115" is embedded. For example, the
modification data 145 could include new modified distance values of the subset
136. Alternatively, the modification data 145 could include correction values
indicative of how the distance values in the subset 136 should be modified to

embed the symbol 1157,

The subset 136 of the distance values in the ADF 135 is modified 150
according to the modification data 145 to produce a modified glyph 156 in a
modified document 155, in which the symbol 115" in the message 110 is
embedded in the modified glyph 156. Depending upon the way in which the
distance values in the subset 136 are modified, the effect of this operation can be a
subtle change in the local curvature or other modifications of the shape of the
glyph 156 comparing to the glyph 125°, which in turn embeds the symbol 1157,
e.g., a 0-bit or a 1-bit. The glyph 156 is a visual example of the modified glyph
156. As shown on Figures 4A and 4B, the modifications of the glyph 156 can be

seen only after magnifications, and are almost invisible to a casual reader.

Note that the modifications in the shape of the glyph due to the embedded
data can be “deterministic” or “probabilistic.” By deterministic, we mean that the
shape of the modified glyph 156 is uniquely determined by the shape of the
unmodified glyph 125" and the symbol 115" of the message 110. Examples of
deterministic modifications include the ones described above, i.e., choosing

candidate sites in the original ADF based on sampling density or gradient.

By probabilistic modification, we mean that the shape of the modified glyph
156 is not uniquely determined by the unmodified glyph 125" and the message
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symbol, but can vary according to a suitably chosen random variable that is known
only to the embedder and the extractor. One example of such a random variable is
the secret key 141 used to select the embedding sites within the ADFs of
unmodified glyphs. This means that if a certain unmodified glyph occurs multiple
times in a document, then the modified glyphs (after message embedding) will
look different each time. This randomization makes it extremely difficult for

attackers to reverse-engineer the embedding scheme.

The modified document 155, including the modified glyph 156 could be
rendered before the symbol 115" is extracted from the document 156. Example of
rendering includes copying, printing, faxing, emailing, displaying, scanning of the

modified document 155, or combinations thereof.

In some embodiments of our invention, packetization symbols are inserted in
the message 110 in order to group symbols of the message 110 into packets.
Examples of the packetization symbols include a begin packet symbol, a packet
number symbol, and a synchronization symbol. For a detailed description of
inserting the packet symbols into the message, see the related U.S. Patent

Application No. 12/329,869.

Message Detection

Figure 2 shows a block diagram of a method 200 for detecting a symbol of a
message in a document according to embodiments of the invention. The modified
document 210 includes a modified glyph 215. The modified document 210 is a
result of rendering the modified document 155 of Figure 1, e.g., by printing or

photocopying of the modified document 155. The modified document 210 could
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represent an entire or part of the modified document 155. Accordingly, the

modified glyph 215 is analogous to the modified glyph 156 of Figure 1.

The modified document 210 and/or the modified glyph 215 can be scanned
to obtain a digital image, which can then be represented 230 as the ADF 235
including modified distance values. A modification 245 associated with a subset
236 of the modified distance values in the modified ADF 230 is detected 240. The
subset 236 of the modified distance values could be selected with help of key 241.
The key 241 is related to the key 141 of Figure 1, e.g., identical to the key 141 or
determined based on the key 141. Alternatively or additionally, the subset 236
could be determined with help of a database 242 of common shape elements of

glyphs. The modification 245 determines 250 an embedded symbol 255,

Glyph Shape Representation with ADFs

A spatial hierarchy of the ADF can be represented using a number of data
structures, such as wavelet decompositions, quadtrees in 2D, octrees in 3D, and

tetrahedral meshes for higher dimensions.

As shown in Figure 3, one embodiment of the invention represents and
modifies a glyph 310 using a quadtree 300, though other representations are
equally applicable. The quadtree 300 includes square cells 301. Each cell has four
vertices 302 at the corners. Each vertex is associated with a signed distance 303
measured from vertex to a nearest boundary of the glyph. Each cell includes a
procedure to reconstruct the shape represented by the cell. For example, a bilinear
interpolation procedure can be performed between cell vertices of the cells to

reconstruct the shape within the cells.
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Starting with the quadtree representation of a regularly sampled distance
field, there are several ways to construct the ADF, two of which are described

below.

In a top-down approach, the quadtree representation provides a coarse
approximation of the shape. Some of the cells in this coarse representation contain
the shape, while others do not. For some of the cells on the boundary of the shape,
the interpolated distance values at this coarse approximation are sufficient to
reconstruct the shape. For other cells, the interpolated distance values are
inaccurate, e.g., for intricate regions with a high level of detail such as curvature,
corners and points. These cells are recursively subdivided until the distance field
provides a good approximation of the details. There are numerous criteria that can
be used to distinguish a good approximation from a bad one, one example being
the difference between the distances to the true shape and the distances to an

approximate shape reconstructed by bilinear interpolation.

In a bottom-up approach, the quadtree representation provides an accurate
representation of the shape up to a specified error tolerance. In this case, it is
possible to combine a group of four adjacent cells into a single cell if, after the
combining, the distance values interpolated from the distances associated with the
vertices of the resulting large cell allow reconstruction of the shape up to the

specified error tolerance.

Any of the above approaches can be used to make subtle modifications to
the ADF. Then, the subtle differences between the unmodified ADF and the

modified ADF can carry the embedded message. For instance, a slight
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modification in the curvature of the left edge of a glyph can encode a 0-bit, while a
similar modification in the right edge can encode a 1-bit. Other modifications of

the shape of the glyph 310 are possible to embed symbols of the message.

The specific modification that is selected depends on the application. For
hard-copy documents, when robustness to photocopying is desired, a modification
in the shape of the glyph 310 is likely to be more robust than a modification in the
color or gray level of the glyph.

Color-Fringing for Message Embedding

One embodiment of our invention uses density values associated with the
distance field of the ADF 135 to embed messages in documents displayed on
electronic screens. The density values represent the colors of glyphs rendered on
display devices, such as LCDs and LEDs, which have addressable pixel
components. Sub-pixel rendering of glyphs on such devices results in the
appearance of color-fringing artifacts at the boundaries of the glyphs. If the
characteristics of the display and the content of the document are known, then it is
possible to determine the locations where color-fringing appears. These locations
give the candidate density values in which the symbols of the message may be

embedded, as described earlier.
Aliasing Artifacts
As is known in the art, rendering glyphs on digital displays produces aliasing

artifacts such as the well-known jaggies, see incorporated references. In one

embodiment of our invention, we embed messages in the aliasing artifacts. In other
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words, we select the subset of the set of density values where the aliasing artifacts

occur.

Example Embodiments

Embedding Messages in Documents

Figure 5 shows a method for embedding symbols of a message 501 into a
document 502 including a set of glyphs. The glyphs in the document are
represented by the ADF.

The symbols of the message are encoded 510 using an error correction code
(ECC) to protect the message from intentional attacks and unintentional
modifications to the document. Packetization symbols are added to enable
decoding of the message in the presence of errors and noise. In the case of a
printed document, errors and erasures can occur due to a physical deterioration of
the document and limitations of the detector. For an electronic document, such as a
portable document format {PDF) document, physical degradation or transmission
errors are less likely. However, an error can still occur when the detector recovers
an erroneous estimate of the embedded message. The ECC enables algebraic
decoding or probabilistic (soft-decision) decoding. A convenient choice is to use
Reed-Solomon codes. These codes are optimal for erasure correction. Further,
successful Reed-Solomon decoding is guaranteed, irrespective of the pattern of

errors as long as a certain minimal number of bits are decoded correctly.



(34) JP 2010-157993 A 2010.7.15

The symbols of the message and the parity symbols are arranged 520 into
packets that include synchronization symbols. This reduces the loss of

synchronization at the detector, which, in turn, facilitates the decoding.

ADFs 502 are constructed for each glyph or for the entire document. The
ADF 1s traversed to determine 530 sites or subsets, i.e., vertices, where the
symbols can be embedded 540. The traversal of the ADF can be done in a raster
scan order, along the periphery of the shape, or in any other convenient manner. In

the preferred embodiment, the traversal is independent of the shape represented by

the ADF.

Among the candidate sites suitable for message embedding and described by,
e.g., the candidate distance values, some sites are selected using a secret key 531

which is known by the embedder and the detector.

Then, the symbols are embedded, one by one, at the selected sites. One
simple way is to locally subsample the ADF at the site. This operation slightly

reduces the fidelity with which that relevant portion of the shape is represented.

Another way slightly modifies the distance values in the neighborhood of the
embedding site. Depending upon the way in which the distances are changed, the
effect of this operation can be a subtle change in the local curvature of the shape of

the glyph, which in turn embeds the symbols, i.e., a 0-bit or a 1-bit.

The document can then be rendered 550 using the modified ADF. Then,
depending on the application, the document can be, for example, printed, e-mailed,

or displayed on a screen 560.
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Instead of modifying the ADF for each glyph independently, one
embodiment takes advantage of the generality of the ADF. A region in the
document that contains an arbitrary number of glyphs can be identified, and a
single ADF can be constructed to represent that region. Thus, for the purposes of
message embedding, the method can process multiple glyphs at a time, or an entire
page of text, or some other graphic. The only requirement to embed the message in
an arbitrary collection of glyphs is that one should be able to represent that

collection using an ADF,

Detecting Messages in Documents

Figure 6 shows the method for detecting the message 650 in the modified
document 560. An ADF is constructed 610 from the document 560. As described
above, the ADF can represent individual glyphs or a group of glyphs. This
information is either shared by the embedder and the detector, or explicitly sent to
the detector as side information. The detector also knows the resolution at which
the glyph is to be displayed, i.e., the decomposition level of the quadtree 300
associated with the glyph.

The detector can maintain a database 601 of ADFs representing each glyph
at some predetermined resolution. Alternatively, the database can store a set of
basic shapes such as strokes or serifs that are used as building blocks to construct

more complex glyphs.



(36) JP 2010-157993 A 2010.7.15

Using the key 531, the sites (vertices) in the ADF at which the message
symbols and parity symbols are embedded are identified, and the distance values at

the sites are detected 620 to recover the symbols of the message.

For example, if the error between the shape represented in the received
document 560 at a particular site, and the shape at the given resolution is above a
predetermined threshold, assume that a 0-bit has been embedded, otherwise

assume that a 1-bit has been embedded.

The recovered symbols are depacketized 630, and ECC decoding 640 is

applied to estimate the message 650.
Applications of the Invention

This invention embeds messages in glyphs contained in documents. The
term “glyph” as used herein includes, but is not limited to text characters,
punctuation, numerals and dingbats in any font in any language. This includes
English-like alphabets, or stroke-based fonts such as Japanese, Chinese, Korean, or
Sanskrit Devanagari fonts. Glyphs can also be icons, logos, clipart, cartoon strips,

and amimated versions of all of the above.

The invention can be applied to glyphs in hard-copy documents that are the
output of a printer, plotter or a fax machine, electronic documents such as PDF or
PS files that are often sent as email attachments or transferred over the internet
using a file transfer protocol (FTP), electronic documents that are the output of a

word-processing program such as MS Word or Pages or a graphics editing suite
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such as Adobe Photoshop, documents that are rendered on a 2D or 3D digital
display.

The invention enables the following applications: copyright protection and
digital rights management (DRM), document authentication, detecting tampering,
tracking the path of dissemination of a document, e.g., email, print, repeated

photocopies, scans, reprinting, and device forensics.

Although the invention has been described with reference to certain
preferred embodiments, it is to be understood that various other adaptations and
modifications can be made within the spirit and scope of the invention. Therefore,

it is the object of the append claims to cover all such variations and modifications

as come within the true spirit and scope of the invention.
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1. A method for embedding symbols of a message into a document containing a set
of glyphs, comprising:

representing a glyph in a document as a distance field;

representing a symbol in a message to be embedded in the document as a
modification of a subset of values in the distance field; and

modifying the subset of values in the distance field according to the
modification to produce a modified glyph in a modified document, wherein the

symbol in the message is embedded in the modified glyph.

2. The method of claim 1, wherein the distance field is a regularly sampled

distance field.

3. The method of claim 1, wherein the distance field is an adaptively sampled
distance field (ADF).

4. The method of claim 1, wherein the distance field is a set of values stored in a

data structure in a memory device.

5. The method of claim 1, wherein the distance field includes procedures to

reconstruct and render the glyph based on the message symbols to be embedded.

6. The method of claim 1, wherein the modification includes a deterministic

modification and a probabilistic modification.
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7. The method of claim 1, further comprising:

selecting the subset of values in the distance field according to a key.

8. The method of claim 1, wherein the modification defines new values for the

subset of values in the distance field.

9. The method of claim 1, wherein the modification defines correction values for

the subset of values in the distance field.

10. The method of claim 1, wherein the modification defines correction values for

a sampling density for the subset of values in the distance field.

11. The method of claim 1, further comprising
selecting the subset of values in the distance field according to a local

sampling density.

12. The method of claim 1, further comprising
selecting the subset of values in the distance field according to locally

computed gradients on a boundary of a shape of the glyph.

13. The method of claim 1, further comprising:

inserting in the message at least one packetization symbol.

14. The method of claim 13, wherein the packetization symbol is selected from a
group including a begin packet symbol, a packet number symbol, and a

synchronization symbol.
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15. The method of claim 1, further comprising:

representing the modified glyph with a modified distance field including
modified distance values;

detecting an embedded modification associated with a subset of the modified
distance values in the modified distance field; and

determining the symbol of the message based on the embedded modification.

16. The method of claim 15, further comprising:

determining the subset of the modified distance values according to a key.

17. The method of claim 15, further comprising:
determining the subset of the modified distance values according to a

database of shape elements of glyphs.

18. A method for embedding a message into a document, comprising:

representing at least part of a document as a distance field including distance
values;

representing a symbol in a message to be embedded in the document as a
modification of a subset of the values in the distance field; and

modifying the subset of the values in the distance field according to the
modification to produce a modified document, wherein the symbol in the message

is embedded in the modified document.

19. The method of claim 18, wherein the subset of values in the distance field is

associated with a glyph in the document.

20. The method of claim 18, further comprising:
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processing the modified document.

21. The method of claim 20, wherein the processing is selected from the group
including rendering, copying, printing, faxing, emailing, displaying, scanning of
the modified document, file transferring of the modified document or combinations

thereof.

22. The method of claim 18, further comprising:

selecting the subset of values in the distance field according to a key.

23. The method of claim 18, further comprising:
representing the modified document with a modified distance field;
detecting a modification associated with a subset of the modified distance
values in the modified distance field; and

determining the symbol of the message based on the modification.

24. The method of claim 23, further comprising:
determining the subset of values in the modified distance field according to a

key.

25. The method of claim 23, further comprising;:
determining the subset of values in the modified distance field according to a

database of shape elements of glyphs.

26. A method for embedding a message into a document, comprising;:
representing a glyph in a document as a distance field including distance

values;
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mapping the distahcc values in the distance field to a set of density values;

representing a symbol in a message to be embedded in the document as
modification of a subset of the set of density values; and

modifying the subset of the set of density values according to the
modification to produce a modified document, wherein the symbol in the message

is embedded in the modified document.

27. The method of claim 26, wherein the set of density values represents intensities

of pixels of the glyph in the document.

28. The method of claim 26, wherein the set of density values represents colors of

the glyph in the document.

29. The method of claim 26, wherein the set of density values represents texture of

the glyph in the document.

30. The method of claim 26, further comprising:
selecting the subset of the set of density values according to color-fringing
artifacts of a display device, wherein the display device uses addressable pixel

components.

31. The method of claim 26, further comprising:
selecting the subset of the set of density values according to a aliasing
artifact of a display device, wherein the aliasing artifact is associated with a display

position of the glyph.
32. The method of claim 26, further comprising:

selecting the subset of the set of density values according to a key.
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Abstract

A method embeds a message into a document containing a set of glyphs.
Individual glyphs in the document, groups of glyphs in the document, or the entire
document are represented using a distance field that includes distance values from
the shapes of interest. Each symbol of the message is represented as modifications
of a subset of the distance values in the distance field. This subset of the distance
values in the distance field is modified according to modification to produce a
modified glyph in a modified document, wherein the symbol in the message is

embedded in the modified glyph.
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