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Fig.2.1 The visual device for local and parallel processing.
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Fig. 2.2 Flow of the character extraction algorithm.
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Fig. 2.3 Flow of the binarizing process.
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Fig. 2.4 Laplacian filter.

1 if |8-x2(i,5) — }: dmm}>ﬂhﬂ

e(i,j) = (L,m)ePy; (2.8)
0 otherwise
0((28)00000000000000000D0O0O0DODODO0OOOO0OO0O0O00
OO0000O00O000OO00bOO0O0DOO00bOoDoOOoDoOoOoDOoOoDOoooDoooDOon
O0000000000000D0000080000D00D0DO0o0DO0DnOO PED
0000000000000 00000OPEODOODOODODDOOO

gbobobuoodoob bobouodgbobbbodoobboooobobbooooboo
000000000 ¢(d,j) 00000000000 COOOO c(i,j)000000O0O

gooobog

2(ij)+ min_ xz(l,m)
(L,m)ePf; . .
. 5 if e(i,j)=1

0 otherwise

0(290000mn[]0[ 000000000000
00000000000000000000000000000000000000
00000000000000000000000 (29)0000000008000
00000000000000000000000000000000000000
0000000000000000000000000
0000000000000000000800000000000000000
000 PEOODOOOOOOOOOOPEODOOOOOOOOO

000000 0D0000D000000000000000t(,5)00 (210000
000000D000D0000000 CO0 000 ¢(4,5)0 ¢00 (,m)€e P, 0000
c(l,m)>0000000000 Cf,0000



goboobooobooobobobboon 34

Ave[C] ] if Z c(l,m) >0
t(i,j) = (L,;m)ePy; (2.10)
0 otherwise
0(210000000Ave[[]0000000O00O0O
OO000000000000O00Do00Do0ooooooooooooooooog
00000000 BOODOOOODO os,j) 00000

b(i’j):{1 it x(i,5) < t(i, 5) (211)

0 otherwise

0(210)00000000000000000O0DOOOOO0OOOOOODOOO0
O0000000DO000DDOOoO0D0OO0000Do00oooD oooooOoOoooo
00000000 0000000 (21)DO0O0OO0OODODO0OOOOOOO0 o0O0O0OODOOO
OO0000OO00bO00b000 ¢g00000boooboooboDoooooooboonooDon
OO0 PEODOODOOODOODODOPECOOOOOOOOODOOODO

0(210)00000000 ¢0000000O0O0ODOODOOOOOODOODOODOOO
DO0000O0DoOoOdooOoooo

OO0000O00O000Oo0o0oOooDboo0bOooDooDoooDoooooooDooooa
250000



goboooboooboobooooboon 35

B REBEE -
53:4-5-68R%

g2s500000000000000
Fig.2.5 Input and output images of the thresholding algorithm.
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Fig. 2.6 Flow of the noise extraction.
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Fig. 2.8 Input and output images of the thresholding algorithm(noise extrac-
tion process).
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Fig.2.9 An example of the output image of the thresholding afger smoothing.
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Fig.2.10 An example of the output image of the thresholding afger character

elimination.
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Fig.2.11 An example of the difference image of the binary images.

. i
FAFEy  (RER)
Rt (REEH) ~
EhUY BEEAEYY
53-4-5.6K2

U 212000000000

Fig.2.12 An example of the character candidate image.



goboobogooobooboooooboon 43

g2900d0g0dgbboobugooboobobob210bbbogogooon
gboogbbogboz21100 29000 21000000000000 212000
gbbboooobbbuooobbboooon

227 0O000O0O0OO

0000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000 [74)0

gboobogogn

0000000000000000000000000000000000000
00000000000/00000000000000000 [1)/64](74000/00
00000000000000000000000000000000000000
00000000000000000000000000000000000000

Stepl 00 KOOOWOOOOOOO

Step2 000 w(i,j)0 80000000000000000000000O0O

Step3 000000000000OO0OO0O0OOOO w(i,/)000000000

Step4 0000000000000000000O000O0O00O00O0 Step20000
00 WOOOOO (5,/)0000000000000000 v(,7) 00 (2.18)0

00 (2200000000000

v(i,7) = (r,s) (2.18)

r= > (—i)-d(,m) (2.19)
w(l,m)GPiyj

s= Y (m—j)-i(l,m) (2.20)
w(l,m)eP; ;

1 if w(i,j) >0
w(i,j) = 2.21
(i.9) {O otherwise ( )



goboobooobooobobobboon 44

U 213000000000

Fig.2.13 An example of the pixel movement.

0080000000000 000DDODOOOOOODD (222)0000O0DDDO
OoooooCorsO0000000 1000O00D00D0O0OD0ODO B(v(i,j))00O0ODDOOO
gboboooboogon



goboobogooobooboooooboon 45

O(v(i,j)) =
((1,0) it r>o0,
2ls| < |r|
(1,1) if r>0,s5>0
Irl/2 < [s] < 2|r]
(1,-1) if r>0, s<0
rl/2 < [s| < 2|r]
(=1,0) if r <0,
2ls| < |r| (2.22)
(-1,1) if r<0, s>0,
r1/2 < [s| < 2|r]
(=1,-1) if r<0, s<0,
Ir1/2 < [s] < 2|r]
(0,1) if s>0,
2lr| < |s|
0,-1) if s<0,
2lr < s|
\ (0,0) otherwise

0000000000000000000000000000000000000
0002130000

00000 (2220000002130 ()00 (d)00000000000000
000000000000 214:)00000000000000 (222)0000 (b)
0000000002000000000000 ()000000000000000
00000000000000 (223)0000000000000000000000



goboobooobooobobobboon 46

0214000000000
Fig.2.14 The stasis of the pixel movement.
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Fig.2.15 The judgement of the size.
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Fig.2.16 An example of the input image.
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Fig.2.17 An example of the output image.
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Fig.2.19 The characteristic of the character extraction.
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Fig.2.21 Amount of calculation and transmission.
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Fig.2.22 Relation between calculation amount and transfer amount.
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Fig.3.1 An example of pictogram
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Fig.3.3 An example of pictograms in the station.
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Fig.3.4 Flow of the proposed algorithm.
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dWht(iaj) = m}?X{q : k(Z,j) - Z k(l7 m)} (36)
k(l,m)ePy,

dBlk(i7j> = - ml?x{q : k(Z7]> - Z k(l7 m)} (37)
k(l,m)ePy,

dRed(iaj) = Q{r(iaj) - g(Z7]>} (38)

dBlu(i7j> = _Q{r(iaj) - 9(27])} (39)

0000 (3600000000 (3700000000 (3.8)00000000 (3.9)
0000000000000

00000000000000000000000000% ={Wht, Blk, Red, Blu}
0400000000000000 Y,00004(;,)0000000000000

1 lf dWht(iyj) = man{dk(i,j)},
Yywhe(1,7) = dwne(i,j) > fr (3.10)

0 otherwise

1 if dpi(i, j) = maxe{di(i,7)},
dpik(i,J) > fo,
dpi(i,7) # dwne(2,7)

0 otherwise

ypu(i, j) = (3.11)

1 if dgeq(i,7) = maxp{dy(i, )},

drea(i, J) > f3,
Yred(t,J) = drea(i, j) # dwne(i, 7), (3.12)
drea(i, j) # dpu(i,7),

0 otherwise
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(1 if dpi,j) = maxe{di(i, )}
dp(i,7) > fa,
dpiu(i, ) # dwni (4, J),
dpu(i, ) # dpik(i, §),
dBiu(i, ) # drea(i, j)

\O otherwise

0000f40/4000000000000000 (31000000000 (3.11)00
00000 (3.12)0000000 (3.13)00000000000000000000
0 (310000 (3.13)00000000000000000000 (3.10)00 (3.11) 0
000000000000000000 (3.12)00 (3.13)000000000000
00000000000000000000000000000000000000
Doooooo

0 (3.6)00 (3.13)00000{r,¢,b}0 300000000 0Ok = { Wht, Bk, Red, Blu}
040002000 vV, 00000000O000000000000 0000102
0oooo

00000000000000 (Red)000 (Red)000 (Ore)0000000

1 if ypea(i, j) =1
Yora(i, ) = and g(i,j) > 1.5 b(i, ) (3.14)

0 otherwise

0 if yora(i,j) =1

3.15
Yrea Otherwise ( )

yRed(ivj) = {

00000{r,¢,b}03000000000k = {Wht, Blk, Red, Blu, Ora} 0 50 0
02000 Y,0000000

000000000000 3500000000000000000000000
0000000000000 WeODOOOOOOOOOOOOOOOOOOOOOO
00000000000 00000000000000000WKOOO0OO0OO
00000000000000000000000000000000000000
oono

00000000000000000000000 (3.6)0(3.90000000 ¢O
0000000000000000000 (3.6)0(3.9)00000000000000
PEOD0DO0O0OOOOOOOOOO0O0PEODOOOOOOOOOOOOO (3.10)00
(3.15000000000000000000000000000000000000
PEOODOOOCODODOO
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(3) Red(red) (4) Blil(blue) (5) Ora(orange)

03500000

Fig.3.5 An example of color classification.

3.25 0OU0OO0OOOO

g3ebuuuobbuooogobon

00000000000000000000000000000000O0O0A0 [76]
gbobogdbbodgbudboooboooboooboooboodobboobboan
000000000000 0000O000O0000O00O00O0o v6lD000OO00O0O0
oooboobod Yy, UOOOOODOO0ODLOO0ODOOOOO 200000000
gbobbooggobbbouooobbobbbbuooobbboooobooboo
goboboogobbobuogobobobbogobboboooobobooagoobooo
gooobogogobbbbobobbbbbbobbbbbbbobobobbboobobobon
ooogoob37gbobboobboobboobboobboobobooboboon
gogdgbobbouogobbbuooogobbbuooobbbooooboboo
goobogdgobooboogn

gboobogogn

00 (5,/)00000000000000 A(G,/)00000000000 v(,5)00
000000000 gr(,/) 00000000000 gr(5,j) 0000000000
0ooo

Wo(i,5) = °(6, 7) = ywn(i, 7) (3.16)

gri(i, ) = gro(i,j) = 0 (3.17)
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Pixel Count (Vertical)

-

Pixel Count (Horizontal)

N —

Pixel Count (Horizontal) Pixel Count (Vertical)

P P

Square Extraction

3600uouoogogd

Fig.3.6 Flow of square extraction.

Right-hand

Pictogram

|
|
|
|
Left-hand |

—_—_—— -

U 370guuuboogoaod

Fig. 3.7 Calculation of connection and gradient.

goobbobbuoudg«gbbbbbuuooooobbbbuuoooaooboo
goobouoggoooo

W (i, g) =
PG +1 i max  {B(i—1,m)}=h(5j) (3.18)
and h'(i,j) #0

h'(i,7) otherwise
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\/

U 380dbuuounogooooooognd

Fig. 3.8 Referencial pixels for horizontal pixel count.

0000 max {A'Gi—1,m)}0000 mO mpe 00000

j—1€m<j+1
gry (i, 5) =
(i =1.0) it gri(i—1.j) > grh(0.5)
and Mypge = J
gri (i — 1, Mipaa) + 1 (3.19)
it gri (i — 1, muaz) > grh(4,7)
and Moz # J
\ gri (i, 7) otherwise

0 (3.18)0000000000000000000000000000000 (3.19)0
000000000000000000000000000000000000A(,4)0
0000000 10000000000 (3.18)0(3.19)000000000000000
000000000000000000000000000000000000000
00000000000380000000 (3.18)00mO0000 j—1<m<j+1
000000000000000000000003800000000 (i,7)000
000 (i—1,/)00000000000 (i—1,j—-1)0 (i—1,j+1)000000
00000000000000000000000000000000000000
0000000000000000045°0000000000000000000
0000 (3.1900000000000000000
0000000000000000000v(,;)00000 gr(i,j)000000
0000000000 (h(i,j).gr(s,j)) 00000000000000000000
00000000000000000000000000000000000000
000000000000000000000
0000000000000000000000000000000000000
000000000000000000000 PEOOOOOOOOOOOOPEOO
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gobobouoggoooo

gboooboogn

gbobboogobbbuooobbbooogbbbbuoobbbuooooboo
gobobboogobobuoogbobobbuogobobooooboboooooboo
gboboboogobbobuoggbobobbuogobbobooooboon

goboooodg

0000000000000000000000000000000000000
00000000 1000000000000000000000000000000
O hi(i,5), gra (i, 7)i(i, ) ,gr (4, /) D00 0000000000000 000000O
00000000000000000000 he(i, ), grue(i,j), va(i, §),gre(i, ) 0 O
D00000000000000000000000000000000000Pict®
0ooo

pict®(i, j) =

;

lfgilg[hk(iaj)avk(@j)]
if Iggilg[hk(i,j),vk(i,j)] > Spict
) and ratelhg(i,7), vi(i, 7)|k=12 > Rpict (3.20)
and rate[hi(7,7), 9rak(?, 7)|k=12 > Rgrad
and rate[vg (i, ), grok(i, j)|k=1.2 > Rgrad
0 otherwise
rate[r,y] = min[z,y] / max[z,y] (3.21)

0 (3.20000000000000 S,,,000000000000000000000
00000000000000000000000000000000000000
0000000000000000 Rywd Ry 0000000000000000
000000000000000000000000 (4,5)0 pict®,)000000
00000000 O00O0o00

0000000000000000000000000 Pict0000 pict(i, ;)00



goboooboooboobooobooooboboon 75

00000000,
09000000
2OCE0C00
0@00@008

0000CE00
00000000
DT
QOO0OC0

CY

O e
000000

OO0
(0)(0x(0)(0)(4X5X6)0)
C00C0000

00000000 00000000
00000000 00008000

00060000
OO0

0 3900uuoboogoaod

Fig. 3.9 Pictogram extraction

googg
pict™(i, j) =
et (1 -1 if et (1 > pict'(i,
iSlSi+r1r,lJaSXm§j+1pw (1;m) ! iSlSiJrrlr,lJaSXmSjﬁLlpw (L,m) > pict (i, )
and max pict'(I,m) > 0

i<I<iH1,j<m<j+1
pict'(i,j)  otherwise
(3.22)

0(3.22)000000000000000000 pict(l,m)000000 pict(s, ;)0 0
0000000pict(i,5)0 pict(l,m) 000000 1000000000000000
gobbooooodooobboooooooboobbooooooobooo
guoddooooobbbbbboooooooaog 39uuoonoon
guodooooooobbbbbooooooouoboboobobbbbooooa
00000000000 size(d,j)D00O0O0O0OO
size?(i, j) = pict(i, §) (3.23)
O0000000000000000000000000000000000A0 size(t,5)
guoooooooooon
sizet™(i,7) =
. t .f . t.‘
enax | size (l,m) if size'(i,j) >0 (3.24)
0 otherwise
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Ooooodooooooooboodd 00 Pos,0y00 Pos,0000O0

posy (i, j) = size(i, j) (3.25)

posy(i+1,7) =1 if posi(i+1,j) = posy(i,j)
pos; (i, j) = and pos; (i, j) > 0 (3.26)
post (i, 7) otherwise
0(3.25)00000000000 326)00000000000000000O0O0ODOO
000 :2000000000000000000y000000000 (3.25)0(3.26)
oooooodooo
0(3.20000000000000000000000000O0O0OPEODOOOO
00000000000 (322)00 324) 0000000000000 DOOOOOO
O000o00ooooooo PpPEOOOOOOOOOOOOPEOOOOOOOOOOO
oo
goboooodooodoooooooooogooooooooo

3.26 UO0OOO0O0OO

OOoobobOobooooobobooobooooobob RrRGBOOOOODOOO
oooobobdobobobobuoboboboooooboobobobobopPEODLOO
gooboogoobooo

3.2.7 0Uooon

OboobooobobooobDBmbO0obobOb0obOobObO0obDooboboooDg
00000000000000 (750000000000 2240000000000
gboboboogoboo

gooboogogn

gobobooooobbooooobobobobobuoogobobbooogoobooo
gbbboogobbbuoogbbbuooobbboooobobbooooboo
gbboooboogobooobbboogbbuoobob obbuooobbo
gboboboogobbobuooobobbbogod



gooooooboobobobbboboogooooon 77

Edge detection

v

Threshold detection

vy

Thresholding

Output image

O 310000000
Fig.3.10 Procedure of thresholding.

gobooo

gbobboooobbbogoboboogobobbuooboboboogoobooo
gooboooobooo

gobooodgo

gbbboodgobboboooobbbooobbbbuoobbboooobobo
goboboogobbobuogobobbbogobbobooooboboogoooo
goboboogobbobuogobobbbogobbobooooboboogoooo
gbobboogobbbuooobbbbuooobbboooobobbooabboo
gbobbooogodgobood

goo

00000000000000000000000000000000 Bin OO
DO0BinDOOOO bin(i,j)0000

3.28 0HOUOO0OOOOOOO

g3llgooooobbbobbbodgou g3lliobooooooooboobooo
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Lavatory Mark Detection
(Male & Female) *
* Woman Mark Detection
Baby Mark Detection *
* Ticket Mark Detection
Wheelchair Mark Detection *
* Elevator Mark Detection
Locker Mark Detection *
* Train Mark Detection
Man Mark Detection *
| Escalator Mark Detection

Not Traget

0311 000000o00oon
Fig.3.11 Flow of the pictogram classification.

00000000000 (00)0000000000000000(0O0)ooooo
gobobooggbobuoggboboobbuogobboboooobobooooooo
gboboog31n2obbougoboooboboouogbbobuggoboobooogooon
gbobbooggobobbouobuooooobbbuooobbbooooboobooo
gbobboogobbbuogobbbbuooobbboooobbboooobobo
gbobboogobbbuogobbbbuooobbboooobbboooobobo
gobobooggbbobuoogbobobbogoboboooobobobooooooo
goobooggn
gbogbboogbuoobboobboobbbbodboobboobobodon

000000 (00)oo

000000 ((@O)00oo00000ooooO0o0o0oooooDoooooooo
gbogdgobobod324udgoboobouogoboobooogbobod

OO000obooboo0obobo0oboDoO0ob0oDoO0bobo0ob00OgPectD 000000 YRed
Oo00o00o0oooooooo0ooguoooguUuoodtw(d,))DOoOoDoOOOOO
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(pictogram candidate )

’ feature calculation ‘

Lavatory mark judgement

Lavatory mark

’ feature calculation ‘

Baby mark judgement

’ feature calculation ‘

Wheelchair judgement

(Wheel chair mark)

a
g
a
O 3.12000000000000
Fig.3.12 Pictogram classification
oooooao
1 if Yrea(i,j) =1 and pict(z,7) >0
Wi, ) = if yrea(i, J) and pict(i, j) (3.27)
0 otherwise
1 if Z u'(I,m) >0
i—1<I<i+1,j—1<m<j+1
ut(i, j) = and pict(i,j) >0 (3.28)

0 otherwise

032)00000000000YR0OODODOOODODOODOOOODODODODOOO
goo

ooboouoboodibYg, 0000 oooooobooboobooobono ZOoood
Z 0000 z(,j)00000000¢t0000C000O00O0OODDOCODOO

0/ - 1 if yBlu(iuj):l and u(l,j)zl
(i, ) =

(3.29)
0 otherwise
1 if Z 2(l,m) >0
i—1<I<i+1 j—1<m<j+1
10 o
25, ) = and u(i, ) = 1 (3.30)

0 otherwise
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0 (3.30)00 (3.28)00000000000Z0000000 (00)0000000
0000
0 (3.28)00 (3.30)00000000000000000080000000000
0000000 PEODOOOOOOOOOOPEONONONOONOOOOOOOOOOOO
0000

gboboooboogon

DoobobobooobobobbobobobobobuoobobolbUYord
00 yor(i,j) 000 0000000000000 00O000000OBaebyl OO0
goo

gboooboogn

gbobboodgobbbuoobbbooobbbbuoobbbooooboo
gogdgbobbouoogobbbuooogobbbuooobbboooobooboo
goboboogobbobuoggoboobbuogoboboboooobobbooooooo
O000000000000000000000 count(i,7) 000000

count(i, j) = size(i, j) - Cenair (3.31)

033)00000C4 0000000000000 Ocount(i,7)00000000
000000000 BimOOOODODOOODODODOOOODOcount(s,j) 00000000
00 wn(i,j) >00000000000000000000O0O0O0ODOOOOOO0O
000000000000000(32)0000000000000 bin(i,7)000
0000000000000000 Chaeir00000000 Pict 00 Chair 00
OO00000D00ChairDO0O00ODO
obooobooboogubuooobuoobbobboobboPELOOODO
obooobopPEODODOODOODOODOODOODOODO
gboobodbooobugobodbobooboobobboobboobooon
328000000000 00D0YE. 00000 00DOODOODLODOOO 3300
gbboodbuogugboodbbooboobbuoobbooboooboboob
gbobboogobbbuoobbbbuooobbboooobbbooooboo
gogobbbobobbodooooobobbobs3s3suouuoooouobooon
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ObooboboboobboobotBebyb OO oooooboOoO

1 if baby(i+ (size(i,j)/2),7) >0

(3.32)
0 otherwise

chairo(i,j):{
O0000000000000000000000 (3.32)0000000000000O0
0000000000000 chair®(,5) 00000 0chair®(i,7) 000000 (3.28)
gooooodoobooonooooonooooooooooonooogon
00000000000000 (332)00000000000000000O0 PEOO
OooooooooorPEOOOOODOOOO
O00200000000ChRay0 00 000O0O0O0OO0DOOOOODOOOODODO
gogg

goobobooggoooo

Oo0oooooboobooobooobooboobooobooo0Boex OO OOOODO
OKeyOOOQODODOOODODODODDODOOODDOODDODODODOO 325000000
00000000000000000000000000000000000 (3.20)
goooouoooboobooouoooooobooooboooPEOOODOOOOOO

box (i, j) =
p
if ggilr;[hk(i,j), v (i, )] > size(i, j) - Spox
box
and hl(luj) >Ul(i7j)7 hQ(ij) >U2(i7j)
and rate[hg(2,7), gmak(t, 7) k=12 > Rgrad
and rate[vk(iaj)agrvk(iaj)]kzlﬂ > Rgrad

0 otherwise

and R < ratelhy(i, ), vi(i, §)|k=12 < Ry (3.33)

\

000000 (3.22)000000000000Box00000Box0 0 DOO0O0OOO
O000000000000000000000 (3.28) 0000000 box(i,j)00O0O



gobooopoooobooobboobooooboboon 82

O0O00bOO00oboobbdLockerl D0 DO0ODOODOODODOOKeyO OOooQ

(1 if locker(i,j) >0
and box(i,j) =0, bin(i,j) >0

and pos,(i,j) > size(i,j) - kaergm (3.34)
P];rergax

key(i,j) = <
(0:9) and pos,(i,7) < size(i,j) -

and posy (i, j) < size(i, j) - Py,

0 otherwise
\

0000000000 key(i,j)) 00000000 size(i,j) - Thye, 00000000
000000000000000000000

0000000000000000000000000000000000000
0000000000000000PEDODOOOOOOOPEODODOOOOOOO

ooo
Key't (i, j) =

Key'(i,j) + Key'(i — 1,7) if t = Pos,(i,)) (3.35)
{ Key(i, j)! otherwise
Key*1(i, j) =
{ Key'(i,j) + Key'(i,j — 1) if t = Pos,(i, ) (3.36)
Key(i,j)* otherwise

000000 (0)0o

000000 (0)032800000000(00)0000O0ooOOoOooOOOOO
O00000YRLO00yg,(i,j) 00000000000000O0O00O0O0OOO0O

Dooooo (0)oo0

000000 (0)032800000000(0)000000000000000O
0000 YrgOOO yreas,j)) 000000000000000000000

gboboboogogn

OO000000OBoothU DD UODOOOOOOODOOODOODLOOOODNO Bodyl O
OD00O00b0bd0OTweket D00 oooos32800000000000O0
gbobobooggoboouoooobobobooooobbbooooooooooo
oboobogguubooboobuoobpPEODOODDOODOODOODO
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0(333)0000000000000000000DOOO0D0O00OO

body(i, j) =

(1 if min [y (i, 5), ve(i, )] > size(i, 5) - Stoay

and rate[hg(7,7), (7, J) k=12 > Rbody
< and rate[hg(7,7), 9rak(t, 7)|k=12 > Rgrad (3.37)
and rate[vg (i, 7), grok(i, j)|k=1.2 > Rgrad
and pos,(i,7),posy(i, j) > size(i, ) - Proay

\ 0 otherwise

gbobboodgobbbuooobbboogbbbbuoobbboooobon

ticket(i, j) =
(
1 if ]ggilr%[hk(i,j),vk(i,j)] > size(i,]) + Sticket

(i
and 1.5- ho(i,j) < va(i, 7
and ratelhy(i,7), grax(i, j

(Wi (4, 5), gron (i, 3)|k=12 < Rticket
and pos,(i,7) < size(i, ) - Phes

(4, ] 7)
and pos,(i,7) > size(i, j) - P

and 1.5 hy(i,7) < v1(3,7)
5 J)
) (3.38)

]k=1,2 < Riicket

and rate

\ 0 otherwise

000032800000000000body(t,75), ticket(d,j) 00000000000
OOOo0bOO0booobddBoothD O OO

gboboboodgoboo

gooboboooobobbbbbbbbbbobbbbbbbbbbbbbbbb
gbboogbbogs2sbougubbuodbbuoggboounobobuoognn
000000000000000000 (d2) 0000000 (ld2re)D00000O0
(rd2lw) 00000000000 BinOOOODODOOODOOOOOOOOO

d2u®(i, 7) = ld2ru’(i, j) = rd2lu’(i, j) = bin(i, j) (3.39)

goboboogobbobuogobobbbogobbobooooboboogoooo
oooosbooobooobuoobuopPEDODODODOODOODOO
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d2u**(i, j) =
d2ut(i,7) +1  if d2u'(i,j + 1) = d2u'(i, 5)

(3.40)
and d2u'(i,j) > 0
d2u'(i, j) otherwise
ld2rut™(i, j) =
ld2rut(i, j) +1  if ld2rul(i — 1,5 + 1) = ld2ru'(i, 5) (3.41)
and [d2ru’(i,j) >0 '
ld2rut(i, j) otherwise
rd2lut™(i, j) =
rd2lut(i, j) + 1 if rd2lut(i+ 1,5 + 1) = rd2lut(i, j) (3.42)

and rd2lu’(i,j) >0
rd2lut(i, j) otherwise

0 (3.39)00 (3.42) 0000 d2u(i, ), ld2ru(i,j),rd2lu(i,j) 00000000000
00000000000000000000000000000000O0PEOOOO
000000

arrowy(i,j) =
(1 if ld2ru(i, j), rd2lu(i, j) > size(i,j) - Sshort
and d2u(i, j) < size(i,j) - S

and pos,(i,7) < size(i,j) - P%

elv

(3.43)

and pos,(i,]) < size(i,j) - P

elv

\ 0 otherwise

0(343)000000000000000000O0OOOO Arrow, 00000000
gbobboogobbbuogobbbbuooobbboooobbboooobobo
O pos.(i,7),pos,(i,7) 00 0000000000000 O0OO0DOOOODOODOOOO
0000000000000 O0arrow,(i,j) 0000000000000
O00000Arrow,0000000 (3.39)00 (343) 0000000 u2d(i, )0
lw2rd(i,7)0ru2ld(d,j) 00 0000000000000 O0O0OOOOOOO0
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arrowgy(i, j) =
(1 if l2rd(i, ), ru2ld(i, §) > size(i, j) - Sehort
and u2d(i, §) < size(d, ) - Slong

and pos,(i,7) > size(i,j) - P

elv

(3.44)

and pos,(i,7) < size(i, j) - P}

elv

\ 0 otherwise

0 (328)000000000 0arrow,(i, )0 arrowy(i,j) 00000000000
0000000000000000

gobooodgg

O00d00OTreen0 00000000 DO0O0OODOO0ODOOOODOODODOOODOO
gbboggubuogbbugbobuogbobobdg32s5d0bbogboogbooogbn
O00000000oooooooooU0OoUoooooDoobD 320000000000
goboboooooboboooobo

train®(i, j) =
mnin (7, 5), v (i, )
if gﬁ%[hk(z’j)’vk(z’j)] > Size(iaj) ' Strain
j)’ vk(i7j)]k=1,2 > Rtrm’n (345)
and Tate[hk Z,j),grhk(i,j)]k:LQ > Rtrain
and Tate[vk(iuj)ugrvk(iaj)]kzlg > Rtrm‘n

and rate|hy (i,
(

\ 0 otherwise

00000 (328)000000000000000000 train®(4,7) 0000000
OTramU00 000000

gboboboogobbodadn

000000000000000000000000000000000000000
00000328000000000000000000 (3.39)00 (3.42)000000
00000000000000000000000000000000000 d2u(4, ),
12r(i, ), ld2ru(i, /) 0000 (343)000000000000000Arrow,,0000
0000000000000 PEOOOOOOOOOOOOO (3460000000
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goobooooooo

arrow,,(i,j) =

(1 if d2u(i,5), rd2lu(i, j) > size(d, ) - Sshort
d 142 .’. < si '7' ,Slong

an ru(i, j) < size(i, j) - Sy (3.46)

and  pos,(i,j) > size(i, j) - Py,

and pos,(i, j) > size(i,j) - P,

0 otherwise

\

00003280000 000000000000000Oarrow,,(i,7)000000
goboboogobbobuoooboboogoobooo

gboboboogobbbodgo

gbbboodgbobbbuoobbboogbobbbuoobbbuooooboo
OO00bO0ob00o00bO0ooooboobooboooooboooArrowgd0ooon
DDDD(3.46)DDDDDP5P,P5/IJDDDDD pP: . Py, 00000000000
0032800000000000000000000arrowy(i,j)00000000
gbobboooobbbuooobbbboooon

goboboogobbobuoogobbboogoboobooon



goboooboooboobooobooooboboon 87

3.3 UO0OUoouoodmn

gbobboooobbbogoboboogobobbuooboboboogoobooo
gbobobooggbbobuogobobobbogobbobooooboboogoobooon
gbobboooobbbuooobbbbuogogbboboaon

3.3.1 0OU0Ooooogod

32500000000 bu0obbuoobbuoobuooboboooobboobbo
000000000000000000000000 [v6)l000000

gobooboboogon

gbobobbuooggobobbiodgogg 4800 xged0og260ddnnonon
gbobboodgobbbuooobbbbuoggbbboooobbbooaobboo
gboubbugbboobuogboobboobboogobgilcobodbz20b0d 3.1
gbobogdbboogbbooobboobobbsobuogobogoboobooooon
gboboboooobbobuoooboboboogon
gboboboboogon

goo = 100 3.47
(%) DDDDDDDDDDDDDDX ( )

000000000000000
Dooo (%) = St oooo x 100 (3.48)

480 x 6400 0 00O DOUOO0ObDDOO0ODbD40x4000000000O0OO0O00OO
gboboobboogon

gbgbobdgogbobdobodb saobobbooboboboobaobobo
gobobbooogobood
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Table 3.1 Parameters of pictocgram extraction

Parameter name Value

€ in equation(3.5) 20

Times of smoothing 7
g in color classification 120
f1 in equation(3.10) 1500
fo in equation(3.11) 2000
f5 in equation(3.12) 1500
f; in equation(3.13) 1500
Rpict 0.85

Spict 40

Times of square adjustment 10

O 320000000000
Table 3.2 A result of pictogram detection
Detection rate(%) | False detection rate(%)
Proposed 95.0 6.0
Convensional[76] 94.1 16.4

00000 3130000000 (Input 1)DOODOOOODOODODODOODOOOOOOO
gobobooggbbobuoogobobbuogobbboooobobobooooobooo
gbobobooggbbobuoogbobobbogobboboooobobobooooooo
000000000 3130000000 (Input 40000000000
gbouodgbogboobubodgbudgbodgbuoobboobuogbodgb 3.30
gobooo
03300000Size(pixel on aside) 0000000000000 O0O0O0O0O0OO
0040x40070x7000000000000096.0%00000000000000
0000009%000000000000000000000000O0O0O0O0O0O
0000 S,:000000000000000O0O0CO0O00O0O0O00C0O00O0O00O00O0O0

U 330b0bbbgogooobod

Table 3.3 Extraction rate of size
Size (pixel on a side) || 400 60 || 600 80 || 800 100 || 1000 120 || 1200

Extraction rate (%) 97.1 93.8 91.3 98.0 93.0
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Fig.3.13 Input and output examples of pictogram extraction.
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Fig.3.16 Amount of calculation and transmission.
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Table 3.4 Parameters of pictocgram detection

Parameter name | Value Parameter name Value
€ 30 Times of smoothing 10
Spict 40 Rpict 0.6
Ryraq 0.4 Cohair 0.05
Shoz 0.4 Ry 0.6
Rpe 0.8 P,f;jm 0.2
P 0.8 P,fey 0.3
Thyey 0.03 Shody 0.2
Riody 0.7 Progy 0.6
Sticket 0.1 Riicket 0.6
Plicket 0.5 Py ket 0.3
gshort 0.1 Slong 0.3
Pz 0.5 Pl 0.3
Strain 0.4 Rirain 0.7
Py, 0.6 Py 0.5
P7 o 0.5 Py 0.6
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Table 3.5 A result of pictogram classification

Pictogram | Detection rate(%) Pictogram | Detection rate(%)
Toilet 84.0 Ticket booth 91.0
Baby 98.5 Elevator 60.0
Wheel chair 94.0 Train 62.0
Locker 96.0 Escalator(1 ) 92.0
Man 94.4 Escalator(t ) 84.0
Woman 89.0 Total 85.8
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Fig.3.17 An example of simulations.
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Fig.3.18 Horizontal calculation of the proposed algorithm.
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Fig.3.19 An example of horizontal calculation.
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Fig.3.20 An example of improper situations.
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Fig. A.1 Flow of the conventional algorithm.
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