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Abstract In order to use handwritings as a universal man-machine interface, we assume a pen device —
data-embedding pen — which can embed digital data into a handwriting by invisible ink in a real-time man-
ner. This paper discusses the system design, application, and required technologies around the data-embedding
pen. Especially, a novel stroke recovery algorithm is proposed for retrieving the embedded data along writing order.
In the algorithm, embedded data is used to help the recovery. A simulation experiment showed that the algorithm
can attain high accuracy on the stroke recovery and the data retrieval.

Key words data embedding, handwritings, stroke recovery, invisible ink

goooooobooobooooooobbo0obooooooDoo
oooooooooobo0oooboooobbo0oooooooDoo

1. 04000

ooboooooooobooooOooobObo0oooooooDn
goboooooboooobo0oooooobobooboooooDoo
ooooooboooooobooobooooboooooDoo
Oo000oooooo0ooooo Ibooooooooooo
goboooooboooobooooboooobobooooo0ooDoo
oobooooboooon

oooooooboooo0 —DOO0o00o0O0Db00 —00
goboooooooobo0ooobooobbooooo0ooDboo

oboooboooboobooboboooobooobOoobooOoon
goboooooobooobooooooboboooooooDoo
oooooooooobo0oooboooobbo0oooooooDoo
ooboooobooobooooooDboo
ooboooooboooboooobooobobo0ooooooDon
oooooooooobo0oooooobobOoooooDoo
oooooooooobo0oooboooobbo0oooooooDoo
oooooooooobo0oooboooobbo0oooooooDoo

1 —



“ID of Mr. Bob : ™
20kMd )

(" aooros )

T AM 9:23" i

-~ Iy = Just write
*From: xxx \ r"fT_:P-_j “Meeting”
To: xxx ' |
On Dec 25, o= Message ID of RV

‘K the e-mail is ﬁ "

Meeting at /
? /
embedded.”

., Room-11 ...

- ~ -~
,__ - \1
= -
3 @ The e-mail is retrieved
T by the extracted message 1D.
Hmm.. What is ) "
this “Meeting’? -

A few days after...

.

02 0O002000000000000000O

1100

7 price: ¥100
=)y—_producer: Bob /
. —

price: ¥100
- producer: Bob __
P —

03 0003000000000

gooooooooobooOoo0o0oooooOoOo0o0oooooDDDbD
goooooboooooooobbooooOoobboooDboo
goooooboooooooobbooooOoobboooDboo
goooooboooooooobboooobOoobboooDboo
gooboboooobooobOoboobOooOo0obOooO0obOoobOon
gooooooooboo0ooooooboboobooooDboo
goo2.0000000000000000000DDOOO
goooooooooooobboooobOoobboooDboo
googs3.00oo0ooboo0oooooobboooDbooo
goooooboooooooobboooobOoobboooDboo
goooooboooooooobboooobOoobboooDboo
goooobooooooooboboooobooobboooDoo
go04.0003.0000000000D000000DDODOO
gooOos.0000bO0o0oo0oooobboooooon

2. J0o0ooooobogo

2.1 0 O
1. 0000000000000O0O0O0000O00DODODOO
goooooboooooooobooboooooobo0ooDboDboo

nozzles for
informaiton

/ ink
pen point
for black ink

black ink

04 OD0ODOOOOOO0OOOOOO

black ink
{ (visible)

guide ink
information inH
(invisible) data ink
O0s OO0O0O0O

goooooobOooooO0oobbo0ooobOoooboooDoo
gooooobo0o0ooooobobo 130000
01000000000000DO000000000DDODOO
goooooooooboobOoboDbOobO00ooooO0oooooDDDb
gooobOoOoooo0o0o0ooooooooooooooo
000o0ooooooooo Ibogoooooooooon
02000000000000000000000DO0DO0O
goooooobOooooOo0oobbo0ooobOoooboooDoo
gooooooooooooo IboooOO0O0O0oO0O0ODOOO
goooooobOooooO0oobbo0oooOoooboooDoo
gooooooooooooobbooooooboooDboo
03000000000000000000000DDODOO
gooooooboooooooboboooobOooobooooDoo
goooooobooooooobbooooOoooboooDoo
goooooobOooooOo0oobbo0ooobOoooboooDoo
goooooobOooooO0oobbo0ooobOoooboooDoo
goooooobOooooO0oobbo0ooobOoooboooDoo
gooooobooooooooboobooo0oooooboooDboo
gooooooOooooOooobbooooOoobboooDoo
goooOooooIbo0oo0oO0OoOoo0oOoooooooon
goooooboooooooobobooooooboooboooDboo
gooooooOooooOo0oobbo0ooobOoooboooDboo
gooooooooooooobo0oooooboooDboo
goooIiboooooooo
2.2 0O0O0ODOO
goooooo4000000000000000DDDOO
goooooobooooo0oobboooobOoooboooDoo
000 (0s5000000000000000000O0000O0
o00o0o0oo0oooooooooooooo (Coooo)o
goooooobooooooobboooobOoooboooDboo
goooooooooobooobobooboOoobOoboooDo



handwrittenp

pattern S
—__'___—~"'——\_/v"“*—-.__\___

B time

_000E0E00EEOHVVVCCCHOT
data| 0101 7 1101 J 0001]0

guide 1 2 3 1

06 00D0O0OOOOODODODODOC/M/YOODOODOODOODO
oo0ooooooo

00000000000000000D00000000000
0000D00D000000000024000000000
00000000000000000D00000000000
00000000000000000D00000000000
0000D0000D00000000000000

2.3 000000
000D0D00000000D000000000000000
00000000000000000D00000000000
000D0D00000000000000000([]000000
00000000D00000000000000000000
00000000000000000D00000000000
0000000000D0000000D00000000000
000DO0OCMYO3000000000000000000
00000000D00000000000000000000
0000000 000D00000000000000000
2.4 000000

2.4.1 0000000000000
0000D00000000000000000000000
00000000D00000050000000000000
000000000D00000000D00000D0D0000
00000000000000000D00000000000
0000000000000 0000000D00000000
00000D0000D000000000000D000000
00000000D0000000000000000000
0000D000000000000000000

2.4.2 00000000D000000

0 60000000000000000000000000
000000 ¢000)0 M(OO000)000000000
Y(00OD)0OO00D0000000000000000100
0000D00D0010000000000000000 C—00
M—100000000000000NDO00DO0D0O000
0 (00000N=400000000000001~300
000000000 10-20-30-10-20...000
0000000D0000000D00000000000000
000000D0000000000000000010-20
.3000000000000030-20-1000000
000D0D0000D000000

2.5 0000

2.5.1 0000000
0000D00000000000000000000000

000 (0000o00)000oD0oO0o0oDOo0oooOoOoooo
oooooooooobOoobobo0oooobObo0obooooDo
goboooooobooboooooooboobOooooooDoo
ooooooobooobooooboobObo0oooOooooDoo
gooooooboooboooooobobb0oboo0ooDoo
ooboooobooo
2.5.2 0 0OOO
ooboooooobooobooooboooobbbo0oooOo0oooDDn
oobooooooooboooobooooOoob0ooo0ooDoo
oooobOooobOoo0oooooboooobooobooooooD
oooboooooooobo0oooboooobObo0oooo0ooDoo
oobooooboooboooobOoobooobOooboon
2.5.3 0000O0O0O0ODOOODOOODODOO
ooboooooobooobooooboooobob0ooooooDon
gobooobooboooOoobOoooOoo0o20000000
ooboooboz2000000000000D000000DO
goboooooooobo0oooooobbo0ooooooDoo
200000000DOO000DOOO0ODOOODOODDOOODOD
gooooooooobo0oooboooobObo0ooooooDoo
000000000l 0oooo0ooo0oooUoooooo
gooooooooobo0oooooobobo0oooo0oooDoo
0 ()y000o0o00o0oo00o0oooooooooooooo
oobooooDbooo

3. Jobuoooooobooooo

000000000000000000000000000
0000000000000000 (000000000)0
0000000000000000000000000000
000000000 (00)00000(00)0000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000003.100000000000
0000000000000 [2,3(000000000000
00)0000000000000000000000000
0000000000000000000000000000
00—0000000000000000000000000
0000000000000000000000000 3.20
oooon
000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000003.300000
000000000000000000([2,[B000000
0000000000 0000000000000 (DP)
0000000000000000000000000000
00000000000

3.1 00000000 [2],[3]

0000000000 70000000000000000
0000000000000000000000000000

3



original (1) thinning (2) graph representation

P

(5) edge trace by BTA

(3) fixing start/end nodes| (4) double-traced line
detection and edge

duplication
LD éD
start

PD

07 0O0OD0O0O0OO0OO0O000O0

self-loop =

duplicated
SD-line

-

(@) (b)

0 8 Basic Trace Algorithm 0 00O

> @
Selected

<3 duplicated
SD-line

correct

ot

(b)

09 O0OD0O0O0OO0OO0O000O0

oooooo

3.1.1 JO000OO0O00O0O00DOOO
00000000000l ooooooooooooo (O
000000o0o000)000000000oooDooooo
goboooooooobo0oooooobOboobooo0ooDoo
000000000002000/0000000000000
ooboooobOoobo0ooo200000000000000
oobooooooooobooboooon,s3,4000000000 1
goboooboobob400000000030000D00
oooo0o02000000 XOOOOOOOooOoooooOo
00 (000004 00000000000200000000
ooooooobooooooooon
oobooooboobooooooboobo0ooooooDon
gooooooboooobo0oooooobobooboooooDoo
gooooooooobo0oooOoooObo0oboboo0ooDoo
gooooooooobo0oooOoooObo0oboboo0ooDoo
oobooooooooboboobo0ooooobobooo

3.1.2 0JO00O0O0OO0DOO

00000000000 2000000000 (DDOO0OO)O
00 (0o00b0)00Do0O0O0D0D00O00O0OUO0O0O
gooooooooO0 ¢ 0000000000 DODOO0ODDO
oob100000000000DOO00000000DDDOO

00000000 (2,8 000KP,00 (MOODOODD
00)0000o0o0o0oooooo0ooooooooooo
00o0000o00o00o0o0oo0oo0oo0oooooD (Dooo
0000o00000)0D0oo0ooooooooooo

3.1.3 200000000
gbobo0ob0obOoobOo200b0bOO0bUObDOOO
00000000D00D02000000 LDOODOOSDOO
DOPDOOOO 300000000 (0 700)03G) LD O
gbo0o0oobobobob10ob0o0bobo300b0oOoD
000000 @) sbo0oUooU0o0oooooo 3000
00000 300000000000GH) PDOOO: 000
0300000000300 0000b0O000Db 200000
gboboooboboooobo0obobooobobobDbo 20
obobobooo0oboboooboouooboboboboo
gboooboobooooobobobobob 200000
0000000000000 00 BTAODODODOOOODOO
gbobooobo0oboboboooo

3.1.4 Basic Trace Algorithm (BTA)OOOOOOO
BTAOODOOOODOOODODODOODODODODODOODO
gboboooboobobOobobOobDOoo0oboboboo
goooobooob2000000b002000DO0ODO
goooo0oobooobboooboobooooboooo
gboboooboobobobOoboobDUoooboboboob
gboboboobooboboboboboobooooo
BTAOOOOOODOOODODDOODODDODODODODODO
gboboooboobobOobobOobDOoo0oboboboo
00000000000 8a)00000000D0OD0ODOO
000 (00400 300000)00000O0O0O0OODOOOO
gbobooobooboboboboobOoboboboboo
000000ooosSbooO000oO0DO0DOo0ODOoOOoDoOD
00000o00o0o0oo0oo0oo0o0ooUo 8kh)yoooo
0000000 PDOOOODOOODDOOODOOODOOD [3]0
oboboooo

3.2 J00O0O0O0ODOODOOD
gboboooboboboboobooooboboboooo
gbobooooobobobobooooo

010 000000000 (0 9)00000000000
D00D000000000000 (0 8a)0000000
obooogoo

020 DOOOOOO0O0DODO (0 9(b): SDODO0OO
0000000000000 (0 8b) 000000000
ooo

030 D0ODO0DO0DO0DO00O (0 9()0000000
gboboooboobobOoboboOobDOoboboboboo
oboo
PD-O00OO00ODOODOOODDOOOOOODODOODOODOD
ooboboooo
go0b00o0o0oo0ooooooboboboboboboo
0[4,[5l0000000[5]003000000000000
000000000000 0000 [4],[5)0000 6000

4 —



basic ;

stroke ¥ |
recovery L
algorithm v

proposed /
stroke ¥ |
recovery T
algorithm v

010 00000000

goboooooboooobooooooobobooooo0ooDoo
oboo0oooooooboooooooboooooooo—0
goboooooboooobo0oooboooobobooboooooDoo
ooboooooboooobo

3.3 0J00000DO0O000O00D0OD0
ooboooooooobo0ooobOoobbo0o0oooooonn
oboo0oobooobooooo0oo0lmooobobobooooo
goboooooboooobooooooobboobooo0ooDoo
obooboooboooooooboooobooOobobooooooo
oooooooboooooooboooooooobDb20000000
goboooooboooobo0oooboooobOobo0obooo0ooDoo
obooooboooobos3sgbobooooboooboooDo
goboooobooooboooobooobbooooo0ooDboo
ooboooooboooobobooboooooooboboobooooDboo

4. DO0O00OOO0O0OO0OO00

ooboooooooobo0oooOooobbo0o0oooooon
oobooo0oo0os3.300000o000o0o00b0b0o0ooo
goboooooboooobooooooobboobooo0ooDoo
ooooooon

4.1 000D
ooboooooooobo0ooobOoobbo0o0oooooonn
gobooooooobooobooooooobboboo0ooDboo
goboooooboooobo0oooooobOoboooooooDoo
oboooboo0ooooobooooooooboboooboooo
gooooooooobo0oooOooobObo0obooo0ooDoo
ooboo
ooboo0obO0o0e00DODOOO0OO0OODOODOOODOO
ooboo0o0s2000000000 3120000000000
goboooooboooobo0ooooobobooboooooDoo
O00000DO0000000Db 250x250000000000
oobooooobooOooboO0ooobOooobObO0o0oo0oOoooDDn
obooobooobooboooobOboboobbooboboooo0oo

000 »000001000000000000000000
00000D000000000000D00000000000
000000000D00000 2.4200000000000
00000000000000000000000000 NO
0000 (12N)/(18n)bit 000 00000N = 75000 = 10
0D00050bit 000000000000

4.2 0000

4.2.1 0000ODO
0003120000000000000000000000
00000DD0DD00000000000000000 1000
0000000000000000000000000000
0000900000000000000000000000
000000000000000000000000000 5
0000D000000000000000D000000000
0000000000303 0000000000000000
000D000000000000000000000000
00000000000000000000000000000
000D0D0000D000000D03030000 293(96.7%) O
0000000000000000000000000000
00000D00000000000000000000000
00D0000000000000000 rn=3,5,790000
0000 296(97.7%)0 296(97.7%) 0 299(98.7% )0 298(98.3%)
0000000000000000000000000000
oooo

01000000000000000 7000000000
0400000000000000000000000 30
00000D00000000000000000000000
000 9b)00000000000000000000000
002000 9)0000000000000000000
00D000000000000000000
000000000000000000000000000
0000000000000 (G) 0000000000000
00000000D0000000000000(G) 00000



100 ;
% inevitable loss at double-traced
98 lines and crossing points -
96,
][ failure — <
94 e rfailure
»//
92 proposed basic
success stroke stroke L;yuccess
90 recovery recovery
algorithm algorithm
—— - : : -
oL 1 1 2
3 5 7 9
dense e

coal
interval between information inks (pixel)

01 000000000

goboooo0o 100000000 200000000000
(i) 0000O0O0DO0O0OO00DO0DO0ODOODOOOO0OOO
goboooooboooobo0ooobooooboboooooooDoo
goboooooboooobboobo0oooooobooboobooooDboo
4.2.2 000000OO
oobooooobooOoobo0ooobOoobObO0o0oooooon
goboooooboooobooooboooobOooboobooo0ooDoo
oooooooboooooooobb 2000000000

e 200000000DO0O0DD 20000000000
ooooooooooooooon

e JU00OO0O0OO0O0OO0 DODOUODODOUODODOOODDOO
oooooobooooooo
01000000b00000o0oo0o 20000000000
gooooooboooobo0ooobooobboobooo0ooDoo
goboooooboooobbooooooooboboobooooDboo
0O1nooobooobo n0000D000O000D00O0DODO
oobOoobObO0o0ooooooooooobbobooooDo
ooboooooooo 20000000000000D0000
00000000000009%4~95%00000000000
goboooooboooobo0oooooobOoboobooo0ooDoo
goboooooooobo0oooOooobObo0obooo0ooDoo
0000000000000000 4%0 200000000
00000000000000000000D 4%000000
oooooooboooboboooooboobooooDoooon

5. Jopoooooon

ooboooooooobo0oooOooobbo0o0oooooon
oooooboboDb —DbO0000b0000 —000Db0oo
goooooooboooobooooobbObObOO0o0oDoo
gooooooooobo0oooOoooObo0oboboo0ooDoo
gooooooooobo0oooOoooObo0oboboo0ooDoo
gooooooboooobo0oooooobobooboooooDoo
oboooooooboooooooobboooooon

obooobOoo0oo0ooO0o0ooobooboooboboboDbo
ooooooobooooooooon

e JO0O0OOOOOOODODODDODOOOOOODDDDO: O

0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
0000000000000000000000000000
0000000 (0000)0000000000000000
00000000000000000 00000000000
000000000000000000

e 000O0ODDODOOO: D0D0O0000000O0O00
0000000000000000000000000000
0000000000000000000000000000
000000000000000

e 000O0DDO0O0OO: 0000020000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000

e 0000DOO0DOD O06000000000000
0000 CMYOOOOO 1000000 100000000
0000000000000000000000000000
CMYOODOOOO (CM/CY/MY/CMY)ODO000O0000
0000000000000000000000000000
00 CMYOOOOOOOODOOOOO0O0O00000000
0000000000000000000000000000
0000000000CMY3000 20000000000
0000000000000000000000000000
00000000000
00: 000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000HI70000000000000
0000000000000000000

O O

[1] DOoOO,0000,0000, “000000000O0O0OO
000000000 DNTOOOOOOOO, no. 4, pp.42—44,
2004.

[2 ODOOD,000,“000000000,,0000000 56
00000, 1P-4, 1998.

[3] Y.Kato and M. Yasuhara, “Recovery of drawing order from
single-stroke handwriting images,” IEEE Trans. Pat. Anal.
Mach. Intell., vol. 22, no. 9, pp.938-949, 2000.

[4] Y. Qiao, M. Nishihara, and M. Yasuhara, “A novel approach
to recover writing order from single stroke offline handwrit-
ten images,” Proc. ICDAR, vol. 1 of 2, pp. 227-231, 2005.

[6] L. Rousseau, E. Anquetil, and J. Camillerapp, “Recovery
of a drawing order from off-line isolated letters dedicated
to on-line recognition,” Proc. ICDAR, vol. 2 of 2, pp. 1121-
1125, 2005.

[ ODOOO,0000,0000,00000,0000,¢“00
oooo0ooOoo0ooOoOooOoooOooOoooOooooog —
oooooooOooOooooOoO0oooOo0ooOooD —7 o0
oooo0ooooooooooon, 13-2P-11, 2005.



