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Estimation of Transition Topology for Sign Language Recognition
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Shiga, 525-8577 Japan
E-mail: fmatsuo@i.ci.ritsumei.ac.jp, t1{shirai,shimada}@ci.ritsumei.ac.jp

Noji-higashi 1-1-1, Kusatsu-shi,

Abstract We propose a method to automatically construct a transitional structure(topology) of a Hidden Markov
Model for recognizing a word in sign language from a sequence of images. The constructed topology has branches
and junctions in order to represent a flexible structure. The proposed method consists of segmentation of a motion
and construction of the topology from segments. A motion is divided into consistent segments, which correspond
to states of the model. The topology is constructed from an initial topology by modifying it according to a learning
sequence of the segments. With experiments, we show the effectiveness of the proposed method.

Key words sign recognition, video processing, HMM, motion extraction, estimation of transitional topology
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Fig.3 Multiple models for representing omission.
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Fig.4 Single model with junctions for representing omission.

left | 1 [ 2] 3 \
right 2 [ 3 \
@ frame
left ‘ 1 4 [l 3 y ‘
right| | P [ 3 V]

frame

05 ODO00O0O0OO0O00O0O0O00OD0OO

Fig.5 Synchronization of intervals of hands.

goboooobooobooobooooooobooooooboo
goboooooooobooobooooooboooooboo
gboboooooooooooooooooobooOoboooooo
goboooobooobooobooooooboooooboo
gobooooon
ebdooboboooooooooooboooobooooon
goooooooooooobooooboooobooooooon

3. onoobooaooad

2. 0000000000000 OCO0ODOOOOOOO0
goboooobooooboooboooooooboooooboo
goboooobbooobobooobooooooobooooooo
gobooooobooooboooboooooooboooooboo
goboooobooobooobooooooobooooooboo
gobooooobooooooooooobobooooo

3.1 00000

goboooboooooooboooobooooooobooo
gobooooboooobobooobooooooobooooboo
goboooboooobooooooooooboooood
goboooobooooboooboooooooboooooboo
gobodooboooobooobooooooobooooooboo
gobooooobooooboooooooooobooooboo
gobooooboooboooooooooobooooboo
gooobooooooooooboobooooooooooooo

1207



move move
down up

move
down

move .
—> up —®stationary [—®

06 000000ooooooobooOoooo

Fig.6 Extracted motion segments of the sign “warm”.

goboooooooboooooboo
3.2 UO0O0O0OO0OOoOoOooOoOoOoooo
goboooooooobooooobooooboooooooobooo
goboooooo 2000000000
010 oooooobooooboooooboooooooooo
goboooobooooobooobooooooooboooobooboo
ooooooo
020 0o0oooooboooooboocoooboooooooooo
gl1ooooooooooooooooooboooooood
oooogo
gobodoooobooooobooooooooooood
gobooobobi1ooooboooooobooooboooooooo
goooooboooooboobooooboobooboOooooooon
gobooooooooboooooooooooboooooboo
ooooooooooooooooo ppoObOObOOOOODO
O0o00oooooooooo coooooooooooo

c(@o,00)
Wy, (0oDoOoooon)

(0boooOoooooo
— oobooooboooo
oooooon)

(00000000000
oooo)

Cos(asegment - gstate) 5

(1)

000 06segment 10 0000000000006 0000
0000000000000000000000000000
00000000000000w,0 w, 0000000000
0000D00000000000000000 wp = w, =1
oooo
000000000000000000000000000
0000000000000 000000000000000
0000000000000000000000000000
0000000000
070000000 () 0000000 (b)0000000
000000000 ()00000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000

3.3 000000000000000000000
3.20000000000000000000000000

IS-4-11

MIRU2007 / Proceedings

(a) D0DDOOD

stationary —® straight tationary

(b) DDODOOOO0DO

(¢) 0000000

07 ODOoOoDOoOooooooo
Fig.7 The integration of a series of segments into the initial

topology

goboooobbooobobooobooooooobooooooo
000000000000 (0 5)0000000000000
goboooobooobobooobooooooobooooooboo
gooooooogooooooooobooooobooboooooo
goboooooooooobooobooooooobbooooo
00000000 (0D g)uouoooooooooooooo
gobooooboooobooobooooooobooooboo
goboooboooobooooooooooboooood
goboooooooooboooobooooooobooooo
gooad

4. DO0OO0OOODOOOOD

gobooooboooooooboooobooooooobooo
o3 ooboobcoooboooooooooobooooooo
goooooon 3.300000o000bo0obooooo

gooo vooboooooooooooooobooooobooo
gobooooooooobooooobpoooboboobooobobooo
gobooooboooobooobooooooobooooooboo
goboooboooobooooooooooboooobod
00000 (p) 0000000000000 OO0DOUOOO
goboobooooooooooboooooobobooooo

1208



0.333

0.133
(s

0.534 0.833 0333 oo
STATE3 0.167 g

L:Stationary
R:Stationary

0.792

STATE1

L:Moving
R:Moving

0.931
STATE2
L:Stationary
R:Stationary

0.208 o 0.667 0.069 a 0.667

08 OOOOOCOO

Fig.8 Insertion of temporary states.

L:Moving
R:Moving

L:Stationary
R:Stationary

g900000000O0DDODODOD

Fig.9 The estimation result of the sign “warm”.

000000000000000 (b)00000000000
0000000000000000000000000000
00000000000000000000000000
090000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000D0000000D00000000D000000000 4
0000000000000000000000000000
0200000000000000

0 10(2)0(b)000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000 10)00000000
0000000000000000000000000000

goboobooboobobobooobooboobboo

000000000 UULOoOOooO0oUOOoo 10(b)ooooo
goboooooooooooooooooooboooood
goboocooooooobooobooooooooboooooboo
goboooooboooooboooooooooooboooobooo
0000000000000000 10(c)0D000DOUDOO
goooooboooooooboobooooooooobooooo

0000000000000 00000DO00O00O00 10(a)0

(hyOOOOOOOoOUOOoOOooOoUoOooooo
gooooboooooooooooooooooooooD 11
goboooooboocoobooooooboooobooooooo
goboooooooobobobooobooobooobbooooo
goboooooboooooboooobooooooooboooooboo
goboboooobooooboooooooooooboooobod
goboocooboooooooobooooooooboooooboo
gobooooboooobooooooooooboooobod
goboooooboooooboooobobooooooobooooboboo
goboooobooobooooooodooooooobooOoo
goboooooooooboooooooooooboooooboo
goboocooboooobooooooooooobooooDooboo

IS-4-11

MIRU2007 / Proceedings

oono
goboooboooooooboooobooobooooobooo
gobooooboooboooboooooooboooooboo
gooooooboooobooobooooooboooooboo
gobooooboooobooooboooooooboooooboo
gobooooboooobooobooooooboooooboo
gobooooboooobooobooooooobooooooboo
gobooobooobboooooooooobooooobod
(0o0LD)0Do00DDOoUOOOOOUDOO

5. 0000

000000000000000000000000000
00000000000000000000000
0000000000 Zioghana = logvee (Zhand — Ttace)
000000000 dwection = ———3

b hand

I
|| Fhanal|
°

00000 log ||Unandll

O00D0Zme0%hana 0000000000000 O0O0O0OCO
O00%hana 0000000000 00|%hana]| 000000
O0O0Ologvec(z) DOODDODO0ODOODOODOODOODODOO
oooooo

logvec (¥) = {log <1 + %) } Z

000000000020 ROODOD0O000000000
00000000000|# 0 ROODD0O00D0000000
00000000000000000 Floghana 1000000
0000000000000000000000000000
0000000000000000000000000000
000000000000 0000000000000000
0000000000000000000000000000
00000D00000000000000000000000
0000000000000000000000000000
000000000000 0000000000000000
0000(2+2+1)x2=1000000000000000
000000000000000000000000000
0000000000000000000000000000
00000000000000000000 20000000

(2)

1209



50 —
100 t right -

150 + 1

200 t 1

> 250 t 1
300 t 1

350 t 1

400 | ? ]
200 250 300 350 400 450

X

() D0OOOOOO0OOO0O0ODODOOOOODO

L:Stationary
R:Moving

> 250 F 1

20 ‘4 BT T

100 + 4 right -
150 1
200 1

300 | .
350 | .
400 | 4 1

200 250 300 350 400 450

X

(b) 0DDDODOOOOOOOOOOODOD

(00000000000

01 0000000000000
Fig.10 The estimation result of the sign “short”.

L:Stationary
R:Stationary

L:Stationary
R:Stationary

L:Moving
R:Moving

L:Stationary
R:Stationary

L:Moving
R:Moving

il

01 000o0o0o0o0boooooo

Fig.11 The estimation result of the sign

jodoooooooobooooooooooooooooo
obobboO3x2=6000000000000000000
gl1o0oo0o00ooooooosbobooooobooooood
goboocoooooooooobooooooobooooooo
oobooooobooooooHMMOOOODOOOOOOO
oooooooooooob110 2000000000000
O0HMMOOOOOOOOOOOOOOO0O0O0O0O00000
goboooooooobooooboooooooboooobooboo
goboooobooooboooooooooOooboOooooboo
gobooooobooooobooooobooooooobooooboboo
000000000 HMMO00000O0O0O0000000O0

IS-4-11

“winter clothing”.

goboooooboooobooobooooooboooooboo
gbooboboooooboobobooobooooobooobooooooo
gobooobooooboooooooooobooooood
goboooobooooboooobooooooobooooooboo
goboooooooobooobooouooboooooooooo
gobooooboooboo

6. 0 O0OG04Q

ocoooboHEMMOOOOOOODOOOOOOOOCOOOO
goboooooboooobooobooooooboooooboo
goboooobooobooobooooooobooooooboo

MIRU2007 / Proceedings 1210



01 00000o0o0OO0OO0O0ooooo

Table 1 The result of recognition for words with one hand

ooo A ooo B
oo1|o002|003|001|00 2003
oo 00 HMM 8 5 6 6 3 6
ooo oo 6 6 7 7 5 6
oo 00 HMM | 100% | 63% 75% 75% 38% 75%
ooo ooo 75% 5% 88% 88% 63% 5%

the total number of words:8
02 DOo0O0OO00OOOoDOoOooooo
Table 2 The result of recognition for words with both hands

ooo A ooo B
oo1|002|003|001|002,003
oo 00 HMM 2 2 2 10 7 10
ooo ood 14 13 12 13 11 12

OO0 |00 HMM | 13% 13% 13% 67% 47% 67%
ooo ooo 93% 87% 80% 87% 73% 80%

the total number of words:15
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