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000000 xO0O00000

gboodbogbboobuogboogbobbuooboobboobooboobbod

gboboootlgpooobobo2ec0b0ob0o0obobooboboobobn 2.2
oogdd

0220000000000

[ L* [ 0 10 20 30 40 50 60 70 80 90 100 |

oooo 3470 3794 8618 23178 45478 58922 71482 77718 54604 19270 3410
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0220 L*0000000000000O0O0O 28000000000000L*000
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U228 000000boboo0ogn

0280 L*00000000000O0O0OO0OODO 1000000 0DOOO200000
0000000000000 00oooooooo00oo0 L*oooooooooooo
0000000 (Algorithm)D OO OO0O0O0OO0OODODO0DO0DO0O0O0O0OOOOOOOOOO L™
00 (threshold) D000 0000000000000 O0O0O0OODOO (offset)D0OO0O0O

Algorithm 1 000 L*OO OO
procedure GETSUITABLETHRESHOLD(threshold, of f set)
circuit Length = GetClircuit Length(threshold)
prevCircuit Length = GetClircuit Length(threshold — of fset)
maxCircuit Length = prevCircuit Length
maxThreshold = threshold — of fset
nextCircuit Length = GetCircuit Length(threshold + of fset)
if maxCircuitLength < nextCircuit Length then
mazxCircuit Length = nextCircuit Length
maxThreshold = threshold + of fset
end if
if circuit Length <= maxCircuit Length then
return GetSuitableThreshold(maxThreshold, of f set)
end if
return threshold

end procedure
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00000000000 00000 L*J00oo00O0O00o0o0oooDoooooooo
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02110 L*000000000000000000ODODODOO0OOOOOO0OOOO00
000000000000 00000DoooooooDoo L*ooooooooooo
O (Algorithm1) 0000000

2.3 OO

0002000000 L*00o010000000000000D0O0O0O0O0OOOOO0O
0000000000000000 L*o0000000ooooooooooo

goboboubouououbububogbobobobooboboboboboood
000000000000 L*000000000000000000000D00OAlgorithml
000000000000000 L*00000000000000O00O000

O0200000000000000000000DO0DODOODODO Algorithml OO0
gboogbobboobbuooboboobuoobboobuoobbodgbooobaoon
0000000000000 0000 L*o00ooooooo0oooooooooooo

goo
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30 bUbuottdbubbotduood

3.1 OO

3.1.1 00O

00000000000000000 (8000000000 (IF, SWITCHO )OO0
00000000000000000000000000000000 (xy)00000
(search direction) 010 0000000000000 0000000000000000O0
00000000 (North)O O (South)d O (East)0 0 (West) 0000000 (O 3.1)0

A
0 - (x%y) 0 - (x,y)

€ P>
0 (Xy}’) (Xy}’) - - - - 0

[a] 00O b 000 (] 000 [4) 000
031: 0000000000

400 (4-connected neighbor) 00O OO0 (South) 00 DO0OODODODOO0OOOO
(Boundary Edge Pattern) DO OO0O0D0O0O (0 3.2) 0000

032000000004 00000000000

0000000000000 00D000ooOoOo00oooooOoOoooooDoooDo
OoooboooooboooooooooooboooooDbbo4000obOoboooDbboooo
00 Algorithm20 0 00
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Algorithm 24000 00000000O00ODOOOOO

procedure GETNEXTEDGE(z, y, searchDirection)
fowardDirectionPattern < GetForwardDirectionPattern(z,y)
if searchDirection = SOUTH then 0000000000
if fowardDirectionPattern = 0 then
searchDirection < EAST
else if fowardDirectionPattern = 1 then
y+—y+1
else if fowardDirectionPattern = 2 then
searchDirection < EAST
else
searchDirection < W EST
r—ax—1
y+—y+1
end if
else if searchDirection = FAST then
........ >0000000000 (00)

........ >0000000000(00)
........ >0000000000(00)

end procedure

Algorithm20 0000000000000 0OOOODODOCOOOO0OOOOOOODOO
20000000bbboooobboooobbooobobbooobboooobn
Algorithm2 0 530000000

Algorithm2 0 IFOODOO0ODOODOOO0OODOOOOOOOOOODOOOOODOOOO
OooooooswiITcHOOOOOooOoooooooooobo20000b000bobo0oo
gboogbobodbogbooboobbooboobboobooobooboboood
gboobobodbbouobboboobbooboobbodboobobooboon
gboogodboooboobboobuoobbooboobbodgbooobooon
gooobbobbbbbbbbbbbobobbbbbbbooboouoooooooooon
oooogbdobdobobobobuo40bboooboobobobobobobnonoog
4000000000 160000000000 200000000 3200000000
gbooooo

O0O000 Algorithm2000000000000O0OCO0OOOOOOOOODOO
gboogobodboobobuoobbooobbooboobboobooobooon
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O000000000000000D0O00000000O0O0O0ODO OpenCL[17]00 v1.20
guoddouooooobbbbbuoooooouoououobooo

OpenCLOODOODOOOODOOODODOOODODOOODODODODODODODODO
gobbbdoobbooooobuooobbuoobobbuoobbuooboboboo
D00 16KBOOOODODOODOOD '00 00 GPU(Graphics Processing Unit) 0 00 O
OpenCLOODOOOODOODOODODOODODODODODODOODOODOODOODOOO
gbhobuogbobuooboboobobooooboboobobooboboobon

OO0 OpenCLODOODODOOODOOODOOODO COOODOODOODDOODOODOO
godooobbooooooobbobbbtbddooooooobobboboboogo
gogd

3.2.2 0O0O0OO

gbboboooobbbboooobbbooooubb oooobbboooao
000 [BUOOoOoOO0o0oO00o0o0oooooooooooooooooooooooo

gbobboooobobbbooooobbboooub boooobbboooao
gboogbobodboobbuogbboobuooooboobbboobobuooboon
gboobobodboobbodobobbbodoboobbodobooobooboon
gbooboboooobbboooobbbuooobobboood

3.3 Uoogoooonod

000000000000000 (x,y)JODOOO (search direction) 0 1000000
gboogbobodboobobobboobuoobboobuoobbodgboooboobn
O0000000 (index) 0000000000000 DOOOOOOOOOODODOOO

000 OpenCLOOOOO 12000 32KkBO0O00O0O0O0OO0O
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3.3.1 0UUoooon

000000000000000100000000000000000000000
0 (O 3.3)0

5 6 7 8 9 14 15 16 17 18 19 20

10 11 12 13 14 21 22 23 24 25 26 27

15 16 17 18 19 28 29 30 31 32 33 34

20 21 22 23 24 35 36 37 38 39 40 41

42 43 44 45 46 47 48

@) 0000000 b DO0O0DOOOO

U 33 0buogaobobooogn

033b000000000000000000000000000000 10000
00000000000000000000000000000000000000 20
0000000000000 00000000000000 (pixel index) 000000
0000000000000 (x,y)000 (width)0 OO (height) 00000 (k)0O000
00340000000000000000
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0 X width-1
>
0
y k
height1
\J
034 000000000000
k = (yxwidth) +x (3.1)
r = kmod width (3.2)
y = floor((k+ width)) (3.3)

0000000000 (x,y)000 (width)O OO (height') 00000 (k)0000
003500000000 (034)000000000000000000000

0 x’ width’-1
-

height’-1

\/

U35 0b000b00booobo
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width’ = width + 2 (3.4)

height' = height + 2
¥ = Kk mod width'
x+ 1= (k mod width) + 1 (3.6)
y = floor(k' +width')
y+ 1= floor((k + width)) + 1 (3.7)
K= (v xwidth') + 2

= ((floor((k + width)) + 1) x (width + 2)) + ((k mod width) + 1) (3.8)

0000000 (035 000000000000 (034 000000000000O0OO

width = width’ — 2 (3.9)

height = height' —2 (3.10)

r = o' —1 (3.11)

y = y —1 (3.12)
k= (yx width) + x

= (v = 1) x (width’ — 2)) + (' = 1) (3.13)

3.3.2 0U0OOOOnd

0000000000000000000000 (edgenumber) 0000000000
gbobbooggbboboooobobogod

gbouogbbodgbbobuoobbodboobb20bbooboobboobood
O00000000000000 (leftedge)DO00000000 200000100000
00 (under edge) 000000000 200000000000000000 (O 3.6)0
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0 x width’-1
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0 2 4 8 10 | 12 L7
/
15 |17 |19 |21 |23 |25 / L,
14 | 16 | 18 | 2 22 | 24 | 26 // 2k’-2w
1. / \
717 ! 2%+
ya \ /"
/ \ | _— = d k
y ! k’ }// |‘ /
\ , \
\\ //I \ k
\\ o
\
\

height’-1

y

036 0o0oogn

S————

000000000000 (en)000000000000000 (x,y)000000
O (search direction) 00 000000000000 (k'),000 (x,y)000000

3.6,03.70000000D0O0DOO

(en +1)+2
¢ = K mod width'
y = floor(k' +width')

34 U0OO0OOOOOOO

(3.14)
(3.15)
(3.16)

0000000000000 000000000oo(k)ooooooooooooo

gboboboogoob 37roogn
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37 o0bbougogoobooon

3.5 UOoogoon

00000000000 B0003.600000000000000O0400000
0000000000000 C0O0O0O00000000D0DOoD0OOoOoUoooO (1yooo
0000 (00000 (CooDO0o0o00o0oooo)booooooO

A
- - 0 - 1 0 - 1
< >
Ovl 1 - - - - 0
[a] OO0 bl OO0 000 [4 000

U338 bbbooggooboooon

00000000000000000 (en)000000000(00)0000 (00)
000000000000000000 (en)0000000000000000000
(en)+100000000000000000000000000000 (en)0000
000000000000 Algorithm30 000
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Algorithm 3000000000 ODO0O

procedure GETSEARCHDIRECTION(edgelndex)
edgeDirection < edgelndex mod 2
if edgeDirection = 0 then > 000
if BinaryPizels|(edgeIndex/2)] = 0 then
return WEST
else
return FAST
end if
else > 000
if BinaryPizels|((edgeIndex 4+ 1)/2)] = 0 then
return NORTH
else
return SOUTH
end if
end if
end procedure

3.6 UO0Ogooooooonon

0000000000 (fp) 0000000000000 0000DOOOO (low bit)O
00000000000 (highbit)DODODODOOOOOOO (O 3.9)0

g 39 0b0ougaoboon

0000000000 (fp)000000000000000O0O00OO0OOOOOOOO0O
O00000000oooo ()b 0oooooo

fp=(000000000 x2)+4000000000 (3.17)
000 (en)0D000O0O0ODOOODODOD (fp)DODODODODODODODODODODO Algorithm4 O

gog
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Algorithm 4 0D 0D O0O0OO0O0OOOODOODODOO

procedure GETFORWARDPATTERN (edgelndex)
searchDirection < GetSearchDirection(edge Number)
if searchDirection = SOUTH then >000
lowBitEdgelndex <+ edgelndex + 2w’ + 1
highBitEdgelndex < lowBit Edgelndex — 2
else if searchDirection = NORTH then > 000
lowBitEdgelndex < edgelndex — 2w’ — 1
highBit Edgelndex < lowBitEdgelndex + 2
else if searchDirection = FAST then > 000
lowBitEdgelndex < edgelndex + 2
highBitEdgelndex < lowBitEdgelndex + 2w’
else >000
lowBitEdgelndex < edgelndex + 2w’ — 2
highBit Edgelndex < lowBitEdgelndex — 2w’
end if
lowBit PizelIndex < lowBitFEdgelndex + 2
highBit PixelIndex < highBit Edgelndex - 2
return (binImagelhighBit PixzelIndex] x 2) 4+ binImage|low Bit Pizel Index]
end procedure

3.7 Uuouoooooooooon

3.7.1 400

000000040 000000000 (0000)000000000OOO (fp)0OO
00 (next edge) 000000 (current edge) 0 O 0O O (difference) 0 O 3.100 0 3.11, O
3.12, 0 3130000

fp Next Edge Diffrence
2K +1
2k +2w -1 2w
2k’ +1
2K -2 -1

wliN]|+=]|O

fp=0 fp=1 fp=2 fp=3

0 3.10: 4000000000 (DO00:000=2k-1)
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A fp Next Edge Diffrence

0 0 1 0 0 1 1 1 — -
0 2k’ -2w 2w -1

1 2k’ -2w +1 2w’

1 0 1 0 1 0 1 0 — -
2 2k -2w -2w -1
fp=0 fp=1 fp=2 fp=3 3 2K 2w +2 2w+l

0311:40000000000 (000:000=2k'+1)

fp Next Edge Diffrence
1 0 1 1 1 0 1 1 -
). 0 2k +1 +1
1 2k’ +2 +2
0 0 0 0 0 1 0 1 -
2 2k’ +1 +1
fp=0 fp=1 fp=2 fp=3 3 2K 2w’ +1 2w’ +1

0 3124000000000 (000:000=2k)

fp Next Edge Diffrence
0 0 0 0 1 0 1 0 - -
€ 0 2K -1 2w’ -1
1 2k’ 2w’ -2 -2
0 1 1 1 0 1 1 1 - -
2 2k -1 2w -1
fp=0 fp=1 fp=2 fp=3 3 2k’ 2w -1 -1

0 3.13: 4000000000 (000:000=2k-2w)

3.7.2 800

000 400000000000 0O0O (fp)02000000000O0O0O0OO0O0ODO4
O000000000000000000000000O8UUbOUODOOUOODO (DUDODO)
00000000000 (fp)0000O (next edge) 00O OO0 (current edge) 0000
(difference) 0 O 3.140 0 3.15, 0 3.16, 0 3.170 000

fp Next Edge Diffrence
0 1 0 1 0 1 0 1
P 0 2K +1
- 1 2K 2w -1 2w
0 0 0 1 1 0 1 1 -
\ 4 2 2k’-2 -1
fp=0 fp=1 fp=2 fp=3 3 2K 2 -1

0 3.14: 8000000000 (0DO00:000=2k-1)
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A fp Next Edge Diffrence
0 0 1 0 0 1 1 1 — -
0 2k’ -2w -2w -1
1 2k 2w +1 2w
1 0 1 0 1 0 1 0
2 2k’ 2w’ +2 2w+
fp=0 fp=1 fp=2 fp=3 3 2K 2w +2 2w +1
0315 80000000000 (000:000=2k'+1)
fp Next Edge Diffrence
1 0 1 1 1 0 1 1 — -
0 2k + +
> 1 2k’ +2 +2
0 0 0 0 0 1 0 1 — -
2 2k +2w +1 2w +1
fp=0 fp=1 fp=2 fp=3 3 2K +2w’ +1 2w’ +1
0 316: 8000000000 (000O:000=2k")
fp Next Edge Diffrence
0 0 0 0 1 0 1 0 ¢ 1 ' 1
0 2k - W -
< 1 2k’ 2w’ -2 2
0 1 1 1 0 1 1 1
2 2k’ 2w’ -1 -1
fp=0 fo=1 fp=2 fp=3 3 2k’ 2w -1 -1

0317 8000000000 (0D00O:000=2k-2w)

3.8 UO0Ooooooooobooon

3.8.1 400

0 3.1000 3.11,0 3.12,0 3.1300000000000000000O0O (fp)0opooo

00000000000 (nd)0D0ODOOOOO

nd[SOUTH][0] = 1
nd[SOUTH|[1] = 2 x width’
nd[SOUTH]2] = 1
nd[SOUTH][3] = -1
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nd[NORTH|[0] = (-2 x width') — 1 (3.22)
nd[NORTH|[1] = —2 x width’ (3.23)
nd[NORTH|]2] = (-2 x width')—1 (3.24)
nd[NORTH|[3] = (—2 x width') + 1 (3.25)
nd[EAST][0] = 1 (3.26)
nd[EASTI][1] = 2 (3.27)
nd[EAST][2] = 1 (3.28)
nd[EAST|[3] = (2 x width’) +1 (3.29)
ndWEST][0] = (2x width')—1 (3.30)
ndWEST][1] = -2 (3.31)
ndWEST]|2] = (2x width') —1 (3.32)
ndWEST]|[3] = -1 (3.33)

3.8.2 800

000 4000000000000 O (fp)0 200000000000 OOODOOO
3.1000 3.11,0 3.12,0 3.13000000000000000O00O0O (fp)DoOCO0O0O
0000000000 (nd)D400000000000000

nd[SOUTH][2] = -1 (3.34)
nd[NORTH|[2] = (-2 x width') + 1 (3.35)
nd[EAST][2] = (2 x width') + 1 (3.36)
ndWEST|[2] = -1 (3.37)

3.9 Udbogoooobotooboooboon

000000 (nd) 0000000000000 00OO (Algorithm3)0 0000000
O000000D00 AlgorithmbO O OO
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Algorithm 5 U0 ODOOO0OOO0OOOOODO

procedure GETNEXTEDGE(edgeNumber)
searchDirection < GetSearchDirection(edge Number)
fowardDirectionPattern < Get ForwardPattern(edge Number)
return edge Number + nd[searchDirection]| fowardDirectionPattern)]
end procedure

O0000000000000000 (edgenumber) 000 1000000000000
gbbbuoooobbbuoobobbboooobbbuoooobbbuoooobobod

00000000 (Algorithm2) 00 530000000000000000000O0OO
00000000 (Algorithmb) 00 500000000000 OCO0O0OODOOOOOO
gogooboobbbbobboobbbbobooduddudodouooooooon
gbobobouoogon

gouodgbboobodboobobodbooboooboobbooboobobon
gbbobooogbobobuoooobn

3.10 0OU

00000000 (Algorithm5) 000000000000 D0OOCOOO0OODOOOOO
obodbligoboboobobobobbobobooboboobobobobo
0000000000000 00000000000000 (Algerithm3) 000000
goooo

3.10.1 OOOOOOO

gboobboogogoboobooooobobobbouooobobboooobobon
gbodgbboobuodbboobbooboobbbooboobboobooboon
gbbogoobobuoobbboobbboooobbooobbboog3asboon

30



U3 guuobogggboooooon

goboobbbbobobobbbbbboobuotouuuooooooooooooon
00000000000 (Algorithm3) 00 000000000000 0O0OOODOOOO
gbbbuoooobbbuooobbboooon

3.10.2 0O0O0OO

goodgoslioi1booboobodbuooboobooboobnoboboboobon
O00000000000D0000000000 (Edge)D00D0O0O00ODODODOO (start
point) 00 0000000000000 000000000000000O00 (edge point)
O0000000000ooooooogooo (o 8.19)0

ENEEEEEEEEEEEEEE
|| H
|| H
- EEESEZESEN |
= Edge Point Start Point =
H H

0319 000000000000

0000000000000 (Algerithm3) 0000000000000 OOCOOO
(Algorithm5) 00 0000000000000 00O0O0OOOOOOOODOOOOOOO
gbogbboobuodgboobbooobbobbodoboobbooboobobon
gbobooodaobood
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3.10.3 0U0OOUO

000000000000000 (0)00000000ooo (Algerithm3)0 000
000000 (Algorithm5) 0000000 (Progress Rate) 000000000000
Dooogsi2bioe34dbdoooooopouoooobobobobobobogonbg
3.10000

g3l 0bbogggbobbuoogaon

(000000 [00000000 (0) [ 000000000000 (0) [00000000

512 0.167338 00000 0.150965 1.10846
1024 0.583105 00000 0.456878 1.27628
4096 10.0906 OO0OO0O 7.31307 1.37981
8192 43.3256 0O OO0 30.0348 1.44251
16384 178.49 00000 121.09 1.47403

goboobbboboooboobbobbbbobododuuooooooooooooon
gobo3.1goobobbogodoboboooobob 3200000

13 14

ProgressRate

12

11
|

0 5000 10000 15000

0 320 000ogoboooboooboon
O3200000000000000000000000000DOOOO0ODOODOOODAO

000000000000 0000000 150 (150%) 000000oooooooo
oboobon
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3.11 00O

goooboboboboboboboboobobbbobbooooouuooooooooooon
(x,y) O ODOOO (search direction) 0 20000 0000000000000 OOOOO
00000000000 (en)D0O0 1000000000

gbuodgbbodbooobuodabbooboobboobbooboobobobood
gboogbboobuodgboobbougbobobobooboobbooboobobon
gbodgbboobuodbboobobuoboobbooboobboobooboon
gboobooboboooobbboogobbboooooon

gboodbbuogbobboobboodobbuoobbood 1sgubboobbood
gboogbobodboobobuoobobuooboboobbogboonobooboon
oboobobooboboboooobobboobobooboboboboboobt
gboogbobuodgbbooboobboobbobboobboboobbooboon
gobooo
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40 4COooouood

4.1 OO

4.1.1 OO

00000000000 ®gUoooo00000oooooooooooooooo
000000000000000000000000O00000O0o0oOO0OO (0410

041 0000000000

O00000000000000 (vectorization) DO 0000 (simplification) 00 O O
gboobuooooboo

4.1.2 0O0000O0O0OO0OO

0 O 00OSS(Open Source Software) 0000000000000 OpenCV[12]/0000
gboobugbbodbooobuoobbuoobboobooobuoobbooboon
00O DP(Douglas-Peucker) 00 [14/ 00000000 130DPO0OO0ODOOD0DOODO
gboogbobodboobbbooboobbuooboobbodobooobooboon
0 2000 (binary decomposition method) 00 0O (O 4.2)0
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— // f.t
100 200 300
042 DPOOOOOOOOO
4.1.3 OO0

000000000000000000000000000000000000000
00000000000 800000 (Canonical Edge) 1000000000 0DPO
00000000000000000000000000000000000000 (0
4.3)0

U043 00000002000

gbgo20000bob0bobooooboboboooobobobbooobon
goobooboboboboboboobobobobobobobobobobuobo
oboooobooobo

gbobooobooobboobbuooobbooobbooobboobbooon
000000000000 IPANODOODOODO (1500000000000 ODO0OOO0
goobdgbdobobobobobobuooboobooobobobobobobobo
ooooogbobobobobobobuoboobooooobobobobobobog
Algorithm6 0 0 0O

35



Algorithm 6 00D DOOOOOOOOOOO
procedure GETDIVIDEPOINTINDEX (polysPointCount)
return ceil((polysPointCount = 2))

end procedure

DPpO0OO0O0O0OO0OOODOOOOODOODOOOOOOOOOOOOOOOOOOOOn
gododooooooogoooonoodoooobdoooooooooonoooon
J0dddddodooooooooooopbPOdddddoooooooooooa
00 Algorithm70 0 00O

Algorithm 7 000000 OOO0OOO
procedure TOSIMPLEPOLYLINES (edge Points, startIdx, endldx, threshold Distance, poly Points)
maxDistance < 0
maxldr < —1
for n < (startldx + 1), (endIndex — 1) do
polyLine < edgePoints|startldz], edge Points[endIndex]

distance = GetLineT oPoint Distance(polyLine, edge Points[n])
if maxDistance < distance then
maxDistance < distance
mazldr < n
end if
end for
if maxDistance < thresholdDistance then
return
end if
polyPoints < polyPoints + edge Points[maxIdzx]
ToSimplePolylines(startldz, maxIdz,thresholdDistance)
ToSimplePolylines(maxldx,endIndex, thresholdDistance)
end procedure

4.2 00O

4.2.1 0000

OooooooOOo0OO0O0OO00O0OD0OO0ODD (D44 0000C00O0O0O0OOOOOOOO
oo
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041 000000000000
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5.1 UO0OOOOOO
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