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Transformation Type Note
TO. Blank (Master ) form image
TI1. Filled form image
T2. Parallel translation T1 + 100dots translation to right
T3. Rotation T1 + 2 degree clockwise rotation
T4. Reduction of size T1 + 5% reduction of size
T5. Enlargement of size T1 + 5% enlargement of size
T6. Parallel translation and rotation T2+ T3
T7. Parallel translation and reduction of size T2+ T4
T8. Parallel translation and enlargement of size T2 +T5
T9. Rotation and reduction of size T3+ T4
T10. Rotation and enlargement of size T3+T5
T11. Parallel translation and rotation and reduction of size ~ |T2 + T3 + T4
T12. Parallel translation and rotation and enlargement of size | T2 + T3 + T5
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ugbboobuodgboboobuoobbooobuoobboooboobboobuoobbon
gbboobuodgbbooboobbooobuoobboooboobbooboobbon
ugbboobuodgbbooobuoobobooobuoobbooobuoobboobuoobbon

ubbobgbuoaobboobuoobbooboobbooboobbooboabog
ubbogobuodgbbooboobbod cAbboogobooobuaobboobod
ugbboobuogbbooobuooboboobuoobboobuoobboobuoobbon
ugbboobuogbbooobuooboboobuoobboobuoobboobuoobbon
Ul CADOuogbobodgbooobobuoobbooobuoobboobuoobboobod
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ubboobuoobbooboobboobooobboobooaobboaoo

PowerPoint

4.2
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4.1.2

€))

000000 0O0PDL: Page Description Languagel 0 0 00000000000 OOODO
U0000000000019840 O Adobe SystemsU [ O 0 0O O PostSeriptd DO DO OO OO
ubobooobooooboboooboooboobooSsubbooooboboobooboooooog
OO00OPostScrippt DO DO OO00OODOOOOOOOPostScrippt DODOOO0OODOODOOODO
gbobooboobooooboobooooboooobooboboboooo

PostScripp D 0D 0000000000 OODOO0DOO0MOOooo0oboooboooD
goooooobooobooboboooboobooboboobobobobDoobOooD
goooooobooobooboboooboobooboboobobobobDoobOooD
U0O0000b0o0oboobDOoobOPestScript DODOODODOOODOOOODOODO
ubobooboooboboo4.3t

gboobooooboboooooooooobobobobobooooboonDo
gboooboobmooboooboooon
ooobooooboooboooooooooooboobobobobobgono

googooo
ODO00000O0000O0O000O0o0d00ooooobobooooooooooon
gooooo
Text Object

/Times-Roman findfont Page Image Object

16 scalefont

setfont 100 200 translate

newpath 97 98 scale

100 100 moveto 97988[9700-98 098]

(1.Test Page) show {<

FFFFFFFFFFFFF6D7C2B

1CDDFE7FOFOFFFFFFFF
FFF6E4DCDBESEDF6FOF
CFOF6E7D7DAF3F7ECD
CCFA97E5D3B221C1D1C
1D15121C5583B2DBFFFF
FFFFFFFFFFFFFFFSEFE
EF

\ 4

Newpath

200 250 moveto
250 350 lineto
150 350 lineto i
closepath ; A
3 setlinewidth =
stroke

1.Test Page
2 >

false 3 colorimage

4.3 PostScript
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PostScript 0 0 O O PDF[4-8]0 DjVu[4-9]0 00000000 00O OO O SVG[4-10],
XPS[4-11]000000000000PDLOOOCOOOO0440PDFOO00OOOO0OO
PostScript0 0 0000 000000000000 0000000O00000000000
0000000000000 0000000000PDLO0OOOOOOO0O000000
00000000000000000000000000000000000000

- Text Object
Path Object Legal parameters:
Legal parameters: - General Graphics State
- Path Segment - Color
- Path Clipping - Text State
- Text String (Painting)
- Text Positioning
- Marked Content
Page-Description Level
\ 4 Legal parameters:
Clipping Path - General Graphics State - -
pping ™| - Special Graphics State |« Shading Object
Object - Color
- Marked Content
Fd N
In-line Image Object External Object
(Small image) (Including Image Object)
”Portable Format Reference Manual Versionl.3” Adobe systems Incorporated
4.4 PDF

&)

PDL DOOOO0OOO0OO0OOOOODOOOO0OOO0OO0ObOOoO0obDOOo0o0ooboobooanon
ubboobooobobooobodob pDLO0OO0OO0OOOODODOOOOOOODOOODOO0
pODLOOOOOOO0OOOOODOOO0OOOO0OO

e [dbo0ogobOoobooboobbooboobbooboobbmobobooon
ubboobuoobbooboobooboooobooooboobooonboonogd
ubboooboboboobuooboboobooboboooobooboonoogd
oboobooobooooobon

e [duoooboobooooobbobobooooobobobobooooooooon
ubbooboobobooboobbooboobboomobooobooonoogd
ubbooooboboobooboboobooobooboobooooobooboooong
ugobooboooooobooobobooooobooboobooooobooobooboooo
ubbooboobobooboobobooobooobboobobooooooooon

e [dbogobhuoobooboobboboobbooboobbooboooboon
ubbogooboooboobboobooobbooboobbooboobobon
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4.1.3

gobobooboooogb4sbooboboooboboooooboooobooboogon

Electronic document

(M

@

3)

Input 4 (1)Printing process I Output
A

Engineering drawing Shell Command /OLE / Application
_db_ ‘ Printer driver
(2)Content extraction

PDL (PostScript)
process Text,
Character Size & Location

Graphics | Path object analysis |

extraction

Text object analysis

Scanned | mage
(3)005‘”’7'{6”! layout Physical layout | ogical structure
— ‘ analysis process infor mation(Table Position)

- Table detection - W n

4.5

gbobobobobooboobobobobobobobobooobo
goboobobobobobobobobobobobobobobobOoDbo
000000000 Windows OS OO 0O 0O OO ShellExecuteExUO 0D O D OO0 OOO
UbO0bD0bO0b0ob0obO0ob0obDOong PostScripp OO ODOOOO
PDL 0000 PostSeript DD D ODOOO0OO0OO Adobe DD ODOONO
gbobobobobobobobobobobobobOobobOobobOoDbo
gbobobobobobo 4140000000000 00000ODO0OOODOO
gboboboboboboboboboboboob

UPDL DOO0OOODOODOO0OODODOOOOODODO

gobooobooobobooboboboboooobobobobobon 415
goboomooooboooooooboobobooobooooobobobooboooo
gbobobobobo xMLObogoooooboooboo
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4.1.4 PDL

€))

U0 pDL ODOOO0OO0OO0OO0O0DOOO0DOOOOOODODOO0OOOOODOOOO0O0OnDDOO
PostScript OO0 O OO ODOODOM-7]J00000DO0OOOODO pDLOOOCOOOOOOO
ugbboobooboboooboobobooobooboooboobboobooobobon
Ub4eoonboonoog® ABC" DO0DD0O4oooog “ ABC “ ABCY *“ ABC?
ubobooboooboboooboobobbg® AAA™ BBB™ CCC" UUOOOoooOOn
boboobooboboooboobbooobooboboooboobboobooooboobon
uboboobdod 4100b0o00boboobooobbooboobbooboooobobad
ubooboooboogan

D(i, j)+S(i,j)<0 and Codeli)= Code(j) 4.1)

gboog; bodboogoboogooobobooboobobooop oo 0,;0040
00o0o0o0oooOoo,s000oo0oUoO,l000U00O00OOOO

b0 pDL ODO0OO0OO0OO0O0DOOO0DOOOOOOODOO0OOOO0OODOO0O0000D0OO
boboobooboboooboobbooobooboboooboobboobooooboobon
boboobooboboooboobbooobooboboooboobboobooooboobon
uboboobooobbooboooboood

PDL data

Extracted text LL
00000000000 DO0000D0O0O00D 0000 0000
00000000000 D0O0O00D0O0O000D0 0000 0000
oo OO L
H/W PC/AT OO O Duplication of
CPU Pentium4 26Hz OO 00 000 characters

4.6 PDL
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&)

ubboobodgboobboobboo pbLOg0boobooooboobooon
gbbogobuogbboooboboobbooboboobooobbopbLObOOOnbOOn
ugbbogobuodgbbooboobboobodg sMpOUOLOOoLoOOOoooOooooDOd
Ub0000oo00oo0o0oo0oooooooooooOooon 4o00dpi, 256 DOOO0OO0OOOO
BMPUUOOOOOOOOOOOOOOOOOOOOOObLDbOOoO0bOoOobLbOoOoDOnd
gbbobobodgboobbooboobod

ubboooboodobbooopbL Oo0booobboobbooobboan
ugbboobuoobbooboobboooboobbooobuoobboobuoobbod
ubboobuogbbooboobbooobuoobboobuoobboob 470000
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
obmooooobogobobgoboboboobobobobobomooooooooo

Ul pDLOOOOOOOODOOO0OOOODOOO0ObOO0bObOOoO0bOOo0boonon
ugbboobuogbbooobuooboboobuoobboobuoobboobuoobbon
ugbboobuogbbooobuooboboobuoobboobuoobboobuoobbon
ugbbogobuodgbobooob 4200000000 b00b0o0obbooboobbad
ubboobuodgboobbuooboobobuoobbooobuodobbooboob 4800

(the area of 10, isinvolved in the area of IOj)or
{(IO, comesin contact with [Oj) }

then 10, and 10, areintegrated (4.2)
where 10,¢ X N 10, X

oob /jo0oboboboooooo, Xoobooboooooooobooooooboo
gboobgooboobboooboobooob 4900000000 DO0ODLOODDOO
gboobooboobboooboosMPOOOO0ODOO0OODDOO BMPODOOODODOO
gboobgooboobobooboobooobooboooboobboobooobobon
gboobgooboobobooboobooobooboooboobboobooobobon
UM4-171000000 X, yOooooooooooooooboooobooobooooboo
gboobooobooboobobdd-12I0booboobobooboobboobooonobo

®
gobooboobooobooobooboobobooboobboooboobooon

gboobobooboobbooboobboooboobobooobg 4100booon

gbooobobooboobboobd pDFO0ODO0ODOOODDOO0ODOOODDOOO0n
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gbbgdbbooobboobboobooobboobooobooobooboooboo
gbbgdbbooobboobboobooobboobooobooobooboooboo
gbboobbooboobooobooboobboobuoobboobooobobooon
gbboobboobuogbboobuoobooob sMpOOLOOLOOOOOOODOOOO
gbboobboobuodabboobooboobbooboobboobooboboon
gbboobobooboobboobuoobbooboobbooboab

Text oblject Image object

5 O R—— ] Text extraction

: ) from the text object
| 500KV Power Unit i )
“500KV Power Unit”

Character Recognition
E> of the Image area

“500KV Power Unit”

PDL Data
4.7
Text objects Image obj ects Integrated area
/ (X.Y,WH)
Graphics
objects
extraction
PDL Integration of

image objects

A R 4

AAA

e 123 7

A ABGDE

AAA
> BBB —>

Rendering of cee 123 123

the page appearance L

7 OCR

Page image (BMP, 400 dpi, 256 colors)

4.8
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(a) Color Image

(b) Binary Image

Rk

© B3 — S DB LD i

@ $E 1 H0) 5 04 T B
(B S — L3I 56)

(c) Extracted Strings

L a—

& (37— S OB LA« Extracted ™
m&wmaracter Strlngs s osam i
3

| Printed and Handwritten Character Recognition |

Recognition Result _l\/l_

4.9

/ :
] Vectorized font characters

e :

2 ) i@\“@o 0L

4.10
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4.1.5

@

PDL ODOOO0OO0OOOO0OO0DOOO0OODOOOOOOO0OODbOO0ObDbOO00o0obOobOOoan
ugbboobooboboooboobobooobooboooboobboobooobobon
ubboobooobooonobooboobbooboobboobog 411oobooobooa
ogboooobooon

(g™ ®Bx | & D
TYFEIL 10 B0V
|TvPE2 | 1m0V | GOV

4.11

ubbooobodgboobboobboobmboobuoobobooboobooon
ubbooboobuoobuoobuobbobbobboobooboobooobaboo
ubbogobuogbbooboobbodo XML oooaobooobuooboboobod
UXMLOboodgbooogbogbobapbDLOOO0O0OO0bbOOo0obOuoobboobod
gboboooboobooboboboboobobobobobobobo 412

ubboobuodgboooboobboood-1jubbobooboobooobaan
gbboobuodgbbooobuoobbooboobboooboobboobuoobbon
gbbooxMLObDgobogobooobobooboobbodd-13)000b000boban
ugbboobuogbbooobuooboboobuoobboobuoobboobuoobbon
ubbgobudgbboobod poFOOOODLDO0OOOOODOO0OOOO04-14100
ugbbogobogoboopbFuogbgoboobbooboobbooboboobbon
ugbobdpbrFObggboogobodbbooobuogbboooobboobuoobbon
ubobdod pDFOO0OOOOODOO0OOOOODOOOM-1510000000000000
ugbboobuodgbbooboobbooobuoobboobuoobboobuoobbod
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Ui-lel000boobbodn pDLOO0OOOO0DLOOODLOOOODOO0ObOOOnDDOnd
gbbooobodgboobobod
ubbooobobboobooobboobuoobboobuooboobooboboon
ubboobuodobbooobuoobboobobuooboooboobopbLOogonobOd
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugbboobuodgbooobuodbooobooboooboobobooboooboo

&)

gbboobuoobbooboobbooboobbooboobbuooboon

(@)

(b)

®

gbobodboobobooboobboobooooobboooooaobboobd
gbobodbooboboooobobuooboobobbboobooobboobd
good

gbobodgbooboboobooobboobuoobboo 430000bboood
obob:;0b00boboboob+«-10bdb 2000000000000DODO
obobd a0 o0b0bO0bO0bO0bO0bOObDObDODbDObOObDObOObDOD
gbobodgboobbobogbuoobobboobuoobbooboobooon
gobodgob;b0+/0bugbugbbooboboobboobooaobboobd
gbobodgbooboboobooobboobopbLOogboooobboond
gbobodboobobooboobobboobooobboobooobboobd
gbobodgboooboobooobobuooboobbooboobo

gbboobuoobbooboobbooboobbooboobbuooboon

(a)

(b)

(©

gbboooboouobooboooobouoboobboobooboooboobooon
4.140J

gboboobuoobbooboobboobboobo 4400000bb0o0onbd
gbobodgbooboboobooobboobuoobbooboobboooobdyd
gbobodgbooboboobooobboboobooobboooooaobboobd
gl1oodgbbogogbood
yjoduodooodoooooooooooooooobbbbobobbobooboobobo
r 1L agfgboggbbooobboobboobboobbuoobboabobd
gbobodoobuoobboobobuooboobbooboobboboobdg
gbobodgboobboobuoobboobobooboobobooboobbododyd
gobodbooooboodabod
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Logical Information

. . o - Block type
<?xml version="1.0" encoding="shift-jis” ?> X
- Region type, ID
<doc>
i <block type = “section”>

Text Information

Text in the region

<page>l</page> i
<area sx="10" sy="50" w="100" h="20"> :
<charList> i
<char index="1" sx="10" sy="50" w="20" h="20"> E
<char index="2" sx="30" sy="50" w="20" h="20"> i

</charList>

</regic_)ﬁ_>_ _______________________________ 'i _____________________

_D i Layout Information
<region type = “table” id =“1">
. Page number
</region> " .
Position of the Region (sx, sy, w, h)
</block> -
o Position of each character (sx, sy, w, h)
</doc>
4.12
di
|& N
7|
S Y .
i-li ooo00o0dbOobooooobooopooo i y
i 000000DDDDO0O0O00000 oA
I+li 0l1000000DOoOobDooboooooog
i+2! 0DOOOO oy

Region

Path objects (Candidates of horizontal lines)

FIRI N\

TN IR SN VI LS SN O 0 S | ST

Cross points

N

Path objects /{

(Candidates of ad

vertical lines)
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4.1.6

€))

gboobobobobooboobobobobobOobOobOoonbODgdoiFilter [4-6]0
O000000000 PostScript D 00000000 M-7I0000000000000O 4.2
ubobooboobobooobooboooboobbooostogbocADOO sOooboand
O200001100000000000000//MA0000000000000000 43
boboobooboboooboobbooobooboboooboobboobooooboobon
gboogaoo

4.2

Type Document File Format(Extention of File Name)

Microsoft MS-WORD (DOC), EXCEL(XLS),

Electronic PowerPoint(PPT), Visio(VSD), Adobe PDF(PDF), Fuji Xerox
document DocuWorks(XDW),Justsystem ICHITARO(JHT),Justsystem

HANAKO(JHD), Deneva Canvas8(CNV)

Drawing Interchange Format(DXF), Autodesk
j AutoCAD(DWG), Autodesk AutoCAD(DWF),
drawing AutodeskInventor(IDW), Scadec exchange format(P21)

Engineering

Scanned image |Tag Image File Format(TIFF), BMP/DIB(BMP)

4.3
0S Windows 2000 Professional
Memory 2GB
CPU Intel Xeon 3GHz

MS-Office2003 (WORD, EXCEL, PowerPoint), Visio2003,
Applications [Acrobet7.0, DocuWorks5.0, Ichitaro13, Hanako13,
Canvas8, AutoDesk Voloview3, SXF Browser

uboboooboooobobooobboooocCcAD OO, boobobooooooooo
ubobooboobobooboobboooboobboooboobobooboooboobon
gbo30000b0booboooboboobooobobooboo 415b00noooooban
ugbboobooboboooboobobooobooboooboobboobooobobon
oboobbobobOob0ob0obobOobob0ob0obob0obOobobodo GiFilter O
OO0O00000o00on postScript OO ODOODOOOODOOOOOOOOOOOOOOO
gbobooboobobooobooboboooboobooobooboboobooobobon
gbobooboobobooobooboboooboobooobooboboobooobobon
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ugbboobodoboobbooboobbuoobuoobboobuoobo

ubboobuoobboobuoobboomooboobbooboobb@™oong
UO0000 PostSeript D D 0O D0 OO00OD0O00O0O000O00O0MFiterDOO0OOOOO
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
obooboooo Fitere D0 0000000 OOO0OOOOOOOOOOOOOOOODOO
UbOoboboobOobOobiFiter 0DO0LDODOODODODODODODODODODO
iFiter U0 00000000000 O00O0 PostScript 0000000 O0OO0O0O0O0O0OO0
ubboobuoobbooboboobbooobooboo

U000oobogooDooD PestScripp0 00000000 M-7]0000000000000
ugobobooooobbo@d-7100000b00TIFF DOO0O0ooooooooon
PostScript 0 D 00000000 ODOODLOODOODOODODLOODO

2500

0O Path object
B Image object
O Text object

2000

1500

1000

Number of text lines

500

< - 7] = < < n S < o) » -
El22|2 8|2 22|82 2 2
s 8|S | R|lg|l8|=S R g2 |E |kE
g1z 2 g2 < g2 |2
Elg | 2 5w 2 Elg | 2
9 | & 2| & 9 | &
Q 7] . @] 7] . Q 7] .
o | '§ o | B o | '§
=T 2R 2 3
oL o' |z o |4
£ 3 £ 3 £ 3
o o o
~ [ ~
Electronic Engineerind Scanned image
document drawing
4.15
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&)

ubbodbboobbooboooboobbuooboboobboobobod 1831
oboo81B3ogbooob 44000000 4600000000000 000O00O00
gboboooooooooooooomooboooooooooooooOonDon cAD
0000000000 dFiter 00000000 " notmeasured”’ 0 00000 OO CAD
0000000000 Fiter D0 0000000000000 O00OO iFiter OO0
ugbboobuogbbooobuooboboobuoobboobuoobboobuoobbon
U0000000000OPestSeript 0 0000000000000 O000O0OO0OO
pDLOOOOOOO0OOOOOOOOOOOOObOOOObOOObbOoO0bOuOobDbOn
ubboobuoobboobuoobboobuoobboob cAbbuggnoogooogad
gbbooboobbodoboobobodocADUObOOoboobbooboobbad
gbbooobodoboobboobboobbooboobboobuoobo

4.4

MS-WORD (DOC) 892 files,
EXCEL (XLS) 351 files,
PowerPoint (PPT) 3 files,
Adobe PDF (PDF) 297 files

Electronic document

Drawing Interchange Format (DXF) 102 files,
Engineering drawing AutoCAD (DWG ) 96 files,
Scadec exchange format (P21) 6 files

Scanned image Tag Image File Format(TIFF) 82files
[ [
o= Proposed Method 27326 B Printing process
s O
g .
£ % PostScript Analysis i:l 10434 O PDL analysis Process
Q
oS
iFilter |60
é‘) .,  Proposed Method 180854
8 g
£ £ PostScript Analysis 149965
o =
u;:j o

iFilter | (not measured)

Proposed Method _:| 62823

PostScript Analysis | | 16445

Scanned image

iFilter | (not measured)

0 50000 100000 150000 200000
Average of processing time (msec)

4.16
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®

pDLOOOOOOO0OOOOOOOO0DO0 41700 41800000 417000000
ugbboobuogbbooobuooboboobuoobboobuoobboobuoobbon
ugbboobuodgbbodo41spbuubuoobboobbooboaoboboobobad
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
gbboobuoobbooboobbooboobbuooboobbuoobobooong

1
Path Object (lines) |

T

4.17

e e Image Object

i i | Text Object
: |
\ )

Path Object

4
g4s000300MS-worRDUOOOODUOOOoooooooooooooooooon
bobooboobobobboobbooon 14000 35000 so000 s200000
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ugbboobuodobbooobooboboobuoobooobuoobboobuoobbon
gboobooboobooooooooooooooooooooooooooooon 409

bobobobobobobobobobobb4eb0bmobbOO0D 100%
gbbggoreodbuoabbodgbuoobbooobuoobboobd4»udn sad
ubbogobuogbbooobodobssgobouoaobbooboobbooboobbad
gbbogobz2gbbogbooobbooboobbooboobbooboobbad
gbooboooomoobooobooobooboobobobobobobobobobobobon

4.5
File size | Secti Sub-scctions | Paragrahs | Tabl
(KB) ages cctions ub-sections aragr S ables
Document A | 1,656 47 14 15 - 30
Document B [ 17,908 31 8 34 - 29
Document C 11,395 36 13 10 - 23
Total 30,959 114 35 59 - 82
T N 2 e
= '
: R
4.19
4.6
XML
file size Section Sub-section | Paragraphs Tables Characters
(KB)
14 15 27
it A
ocument 2344 (100%) (100%) 665 (90%) 40245
8 34 27
it B
ocument 1549 (100%) (100%) 752 (93%) 25223
13 10 23
t C
ocumen 2252 (100%) (100%) 292 (100%) 39715
114 35 77
Total
ota 6145 (100%) (100%) 1709 (94%) 105183
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- <hlock type="section"=
— <region type="title" id="31">
<titlenumber=3</titlenumber>
<text-0. BSHHE < texts
<locations
<page>5</page:>
<area sx="311" sy="316" w="527" h="27" /=
- zcharlist>
<char index="40" sx="311" sy="316"
<char
<char i
<char
<char
<char i
<chari
<char index="47"
</charLists
location
</regionz
— <block type="section'=
— <region Lype="title" id="92"=
<titlenumber=3.1</titlenumbers

Section title

] Text

Text Location

w="77"
nggn

h="72" />

Subsection title

[zfext=8. 1. —&il&E = tent>] Text
RS Text Location
<page=S</page:
<area sx="311" sy="450" w="532" h="66" />
— =charlist>

<char sx="311" w="66"
<char
«<chari
<char
<char
«<chari
<char
<char
«<chari
<char
</charlist=
</ocation=
=/region:=
- <region id="33">
ctoutndR 1

h="66" /

RIS NCEE LN

@

E2 11 A

— <block type="table">
— <region typs="body" id="79">
- crows

ubboooooobbooboobb XMLogooooooogo 420000000
ugbboobuoobbooboobbooobuoobbooobuoobboobuoobbod
ugbboobuoobbooboobbooobuoobbooobuoobboobuoobbod
ugbboobuoobbooboobbooboo

Section 3

ection

Tt

- <col colitem="" rowitem= 1">
- <region id="80">

lctext>No. </ text>

— zlocation>

colzpan="1" rowspan

Text in the Cell

<page>10</page> Text Location
<ares sx="388" sy="2283" w="189" h="83" />
- <charlist>
<char index="245" su="444" 5 2300" w="55"
<char index="246" sy="472" sy="2300"

<char inde; 247" 5 500" 5
<char index="248" 5x="533" 5
</charlist>
</focation>
=/region=
</col>

2300"
2300"

Cell

- =cal colitem="" rowitarm colspan="1" rowspan

- <region id="81"= N
Text in the Cell

— <location=>

<page>10</page> Text Location
<area sy="5877" sy="2283" w="706" h="83" />
- <charlist>
<char index="249" sx="816" sy="2300" w="55"
2300" w="55"
2300" w="55"
<char index="252" sx="988" sy="2300" w="55"

<char index="253" 5x="1050" sy="2300" w="55" h="55" /|
</charlist>
location
</region=
Edduia] -3

Cell

Table

- <col colitem="" rowitem=
- <reqion id="82"=

colzpan="1" rowspan="1"=>

O

4.20 XML
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gboobooooooopoLOO0DO0ODODODODODODODODOD

GOHpPoLOOOO0ODOOODOOOLOOOODOODOOOOOODOODOODOOOODOO
goboboboobooboobobooobooboobooboobooboboobooD
gooobooooboboooooooobooobobooobobooooboogoob4.2200
Document BU O DO ODDOODOODOOODOIIO0DO00DOO000OO0D0OO0OO0DOOODOOODO
gbobooobooboobooboboobooboobbooboobooboboobooD
Uboboboobobobobgzeot DOOooOooesw 00000 ooooooDOTwdD
gooobooooooooobobbbooooooooobobobbobooooooobobobb
4.22(c)0ooooooooooooobooooboboobooooooboobboooDoOoD
OOboooooobboobobooobooboboouoDoe™mb 00D 0D O0O22%0 0 4.22(a)
obooboobooboobobiooboobg® cCoOM+XOYIF Dhonooooboon
gboobogobooolwb o422 0000 O0O000O0O” OoDooobooobooo* ooo
U 00 oborbobobobobobobobobobo»ybobobobobob
gboobooobooboooobooooboooobooooooooooooooooooooDon
gbooboobooobooboboobooboobooboobooboboobooD
gboobooboobooboobob

@PpDFOODOOOOOOPDLOOODOODOODODLODODODODODODODDOO
gbooboobooobooboboobooboobooboobooboboobooD
gbooboobooobooboboobooboobooboobooboboobooD
gbooboobooboboobobooboobobobobobobob

Sentence area
(260 strings)

Figure or image
area
(258 strings)

0% 20% 40% 60% 80% 100%
Extracted Strings

@ Correct M Error of order OError of connection O Error by mixture of strings
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(a) Sample 1 (b) Sample 2
'
P e
\ ~
(c) Sample 3
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uboboobooobobooboooboooobooboboob 423 000000000
ugbboobooboboooboobobooobooboooboobboobooobobon
ugbboobooboboooboobobooobooboooboobboobooobobon
ubboobooboobooboboobbooooboooooobooboobooboooboa
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ubbooboooboboobooboboooboobboooboobbooboooboobon
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4.1.8

ugboboobooboboobooooboobooooboobbooooboooboooon
gbobooboooboboooboooboboooboobooooboobobooonbg 4.7t

4.7
Dooooooo ooo
0ooo,0000
Dooooooon
Dooooooon
ogoooO)

goboodgbood
goboooboogad
goo
gosugn

000000000
000000000
0300)

000 00000
ooooo
o000 (0300)

83



040 0Dooooaoogooaogoogooadgoog

4.2

ubooobooboobobobooobooobboobooboooooobgoaoo
ugbobooboooboboooboobbooobooboooboobboobooobobon
uboboobuoobobooboobboooboobboob 4800000000004
ugbobooboooboboooboobbooobooboooboobboobooobobon
gboboobooboobbooboobbooboobboobuoobbon 42500

4.8

goog

uboboogbooooobooaa

ooo

uboboobooboboobooboobooboobobon
ubobooboobboobooobobooboooobgon
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gooog
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4.2.1
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0000000000000 o0ooo0ooooooOooooOooooooDooooDooonDo
0000000000000 o0ooo0ooooooOooooOooooooDooooDooonDo
0000000000000 o0ooo0ooooooOooooOooooooDooooDooonDo
dobooobogogze07 0000000000000 0OO0DO0O0O Cusumano OO OO
0000000000000 O0oo0ooooooOoDoooooDoooDooOOooDooonDo
doooobog cobodboooobooboood-Buoooooboooooobo
0000000000000 O0OO0ooo0ooooOoDoooooooOooDooOooDooonDo
0000000000000 O0OO0ooo0ooooOoDoooooooOooDooOooDooonDo
Oo0o00ooooood

0000000000000 o0o0oo0ooo0o0ooOo0oO0oooDooOoOooDooDoOooDoooog
0000000000000 o0ooo0ooooooOooooOooooooDooooDooonDo
0000000000000 o0ooo0ooooooOooooOooooooDooooDooonDo
0000000000000 o0ooo0ooooooOooooOooooooDooooDooonDo
0000000000000 o0ooo0ooooooOooooOooooooDooooDooonDo
0o0oboobddbobooboobomboooboobooooooboom™ o 4.26

0000000000000 0o0OO000oo0o00ooOoooooooooooooog
0o0oooboooboobooooog4-194-204-21booboooboobooa
00D000b0oboboo0 Tamwa0D 42000000 00000OO0DO0O0OOOOODOO
OO0 Stress-Strength Model (SSMYU D ODOOOOO SSMOOOODODOOOOOODOOO
0000000000000 O0oo0ooooooOoDoooooDoooDooOOooDooonDo
0000000 0o0obboOogDb Suwo DOODODODOODODOODODO Physical Causal
Network(PCN)O O OO OO QOQOODOOOOOOODOM21000b0b0ooooooog
00000000000 O0ooOo0ooo0ooo0ooooOooooooDoooDooOooDooonoog
00000000000 O0ooOo0ooo0ooo0ooooOooooooDoooDooOooDooonoog
00000000000 O0ooOo0ooo0ooo0ooooOooooooDoooDooOooDooonoog
O00000000oo0o0oo0oooooooooon

00000b0o0bobo0ob0oobob0ooboboOoobUoUubOdnO Pusu-Style Design
Support System: PSDSsO OO O O0OOPSDSsO 0000000 ODO0OOOOODOOODOO
OO00000D00O0O0OPSDSs D0 OUOODDOOODDO0OODDO0ODODUOON Schilit[4-22]
O Yunwen[4-23]0 00000 Criticism systems U0 000000000 0OOOOODOOO
0o0boobooboboobooboboob0oobobooobuouoobgg pSpDSsO0ognd
0000000000000 0O0bO0obO0obO0obOOobOOobOobOOoDbo
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o . T
Accuracy of acquired information &
0

Low

-These methods enable the prediction of unknown (new) quality problems.
-Experiences designers create knowledge rules.

'

, -The reoccurrence of failure is prevented.
(Tamura, Y. and lizuka, Y.) .
(Suto, H., Kawakami, H. et al.) -Easy to create design knowledge.
(Koga T. and Aoyama K.) -Push-style interface inhibits the designer’s
load and get rid of individual difference.

7/
v .
~~___--3earch engine
(failure information storage system)

N

There is individual difference for search res;ﬂts.

Easy
Hard Design knowledge creation and maintenance

4.26 PSDSs
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4.2.2 PSDSs

PSDSs OO OOOOOO 427 0000000000000 00O000O0OO0O00OO
gboboooooMs-worRDOUOOODOUOOODOOOOOOoOoOoOoOOoooooooooan
ugbobooboooboboooboobbooobooboooboobboobooobobon
gboboobooobobooobooboboooboobooobooanb pcObO0ooobOon
O pSDSsO 000000000

gobooooOoboOo0obOoOoOoOobOOoOoDOO0OoboUObOoooOobObOoDboooOoDo
gobooooOoboOo0obOoOoOoOobOOoOoDOO0OoboUObOoooOobObOoDboooOoDo
oo0oOoOooboOobooOoooooooo
gobooooOoboOo0obOoOoOoOobOOoOoDOO0OoboUObOoooOobObOoDboooOoDo
gobooooOoboOo0obOoOoOoOobOOoOoDOO0OoboUObOoooOobObOoDboooOoDo
oo0ooooboO0oOo0oOoboOoooooboOoboboUooDo
oboobooboobooooboooboobobobo0obOoobOooOOPSDSs
go0oooobooOooooOobboOooOo0ooboOobObo0oobDoOobboOoooo
PSDSs U0 OO0O0O0O00OO00O0O00O00O0000000000000000onog
U000000000000b0000 DRUODO O Design rationale meetingd 0 O 0O OO
go0oOooO0oboOoboo0o0ooOoOobooOoboboOooDbDoobboOobooo

Parts database system

Client Knowledge server %

Specification documents

Text chunk
Guidance Om0|°9y

Manager

Engine
Knowledge Rule
Guidance messa -Zl
e e s’y A N Experienced
/ \ designer

{ v K nowI edge
Word processor Guidance window Rule Editor 8
(Microsoft ®Word) |_,
8 User Failure information storage system

-Failure report
= -Design criteria
Ay -Checklist

Troubles in market and
production process

4.27 PSDSs
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4.2.3

@D

0000000000000 o0oOoo0ooo0ooOooO0ooOOobOOooOoDoOOobOobOoOooOoDg
0000000000000 o0ooo0ooooooOooooOooooooDooooDooonDo
0000000000000 o0ooo0ooooooOooooOooooooDooooDooonDo
0000000000000 00000DO 000000000000 00000O000 “Air
compressor”’, ‘“Power supply circuit”, “Oscillation circuit”, “Crystal oscillator”, “Capacitor”,
“Aluminum”, “Voltage”O 0D 0 0D O UO0O0O0O0OODODO0ODOOOODOOODOOOOOOOO
do0ooobbooooo 428000000000 D0O0DbLDO0ObODDO0ODbDOODODDOOd
00000000000 0ooOOooOo0ooOo0oooooDoooooooobDooooDooonDg
O000o0Oo0ooooooooog

Knowledge rule
Failure report Conditional part

“Oscillation circuit”

Date : 20 March 2010
“Capacitor”

Product Type: NNN-YYYY

The oscillation circuit was constituted “Crystal oscillator”

using a crystal oscillator and a capacitor
(XX-01). XX-01 contains aluminum. [

The aluminum aged. Thereby, the Message part

frequency characteristic carried out M essage Text

“Aluminum”

displacement. Therefore, the circuit has If an oscillation circuit is constituted from
the crystal oscillator and capacitor
containing aluminum, there is a possibility

....... that the frequency characteristic may
change.

stopped.

URL: http://failureStorage/show.do?ID=00001

4.28

)

oboboobooobooboboobooboboobboobboobog 42900
gboobooboobboooboobobooobooboooboobboobooobbon
gboobooboobboooboobobooobooboooboobboobooobbon
gboobooboobboooboobobooobooboooboobboobooobbon
gboobooboobboooboobobooobooboooboobboobooobbon
obooboobooooboobobooboonboo
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40 000o0goooaoooooogoogogoog

Levell Lewvel 2 Level 3 Level 4 Level 5
ROCT .
L Electronic parts A" Tt synonym
- Traa,, Ca;:rac;it? Condenser
"'--‘Electralysis condenser
hyper nym - Aluminum electroltic capacitor

| hyp()nym - Tantalum electrolvtic capacitor

| ) F Monpolarized ele ctroltic capacitar

| | - Solid electrolvtic capacitor

| - Paper condenser

| - Film capacitor

| - Ceramic capacitor

| L Laminated ceramic capacitor

- Crystal oscillator |(Crystal unit Quartz crystal

- I

- Fan

(a) thesaurus dictionary

Parts name maker model name  Maker gjuality materials
Tantalum electroltic capacitar ZULGZ2000 ABC 1A -
Aluminum electrolvtic capacitor ZILNWEER00 ABC 1A Aluminum
Crystal unit HAC 04 ABC 1A -
Crystal unit PPPEE8 ABC 1A -
Crystal unit PPPS595 ABC 14 -

(b) Parts data

4.29
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4.2.4

uobooboooooboboooobobooooboboooobooobbooobobooon
ubboobuomooboobobomobooooboobbooboobobooobooa

hHhoooboooooboomS-worD)DODoooooooooooboobobooooooo
gboboboobobooobobooobooo xMLOoooooooooooooboooooono
4300 000000bo0oboobooboo MS-worRbOooooooooooooono

[6- Circuit examination] <7xml version="1.0" encading="UTF-8" 7>
- <document>
Model XXXX is diverted. - <sections
«title=6.Circuit examination</title=
I 6.1 Oscillation circuit I - «section:
<title=6.1 Oscillation circuit=/title:

This circuit has a quartz crystal... - =body> o
<paragraph>This circuit has a quartz crystal...

ZUV5899 is used for ...| ZUvs5899 is used for - </paragraph=>
P

<fhodys
Cursor position <fsectionz
< fsectionz
6.2 Reset circuit <fdocument:»
XML data
Word Processor(MS-WORD)
4.30 XML

QuuboobooxMLOoooooooboooooboooooooboooboooon
gboboobooobobooboooxMLogooooooooobooobobooooo
uboooooboogn 43100

<7xml version="1.0" encoding="UTF-8" 7=

- zdocument>
- <sectionz
<Paml version="1.0" encoding="uUTF-8" 7> <title=6.Circuit examination< fitles
- <document:> _ ssachons
- «<sections <title=6.1 Oscillation circuit</title>
<titlex6.Circuit examination< /tide> - <body=
- «sections - «<paragraphz
<title=6.1 Oscillation circuit= /titlz= This circuit has a quartz crystal...
- <hodyz - <partz
«<paragraph=This circuit has a quartz crystal... - <maker_model_name=FU¥5899</maker_model_name:
ZUv¥5899 is used for - </paragraph= =parts_name=Aluminum electrolytic capacitor</parts_name:

«</body=
«<fsection:
«[sections
«/documents

<Maker=ABC</Maker:

<guality= LA</quality =

«<materials=Aluminum</materials:
<fparts

</pargrapts Extended
Jbod . .
<Jeottion information

<fsections
<fdocuments

4.31 XML
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(G)UIODO0ODOO0O0DL0O0ODLbOoDObOOD0O0ODbDOObOoObObOODOO® Oscillation circuit”,
“Capacitor’l O XMLOOOOOOOOOOOODODOODOODOOODODODOODOODODOO
g00o0o0oo0o0o0oooooooooooooboooobooooboobDoboooooooo
000000000000 O00gg® Capacitor” 0 XMLOOOOO* Aluminum electrolytic
capacitor” 000000000 ODOODOOOODOODOODOO

Contents of document Conditional part

<?xml version="1.0" encoding="UTF-3" 7=
- «documents
- «section> Equal word
«<fitle=6.Circuit examlnatlun{,-’tltle>
= €SBLHONE  seessssneemenenenaenans /_

- {body:: » ‘ —————————————————————
- <paragraph> % ... S .,/;’ ‘‘‘‘‘‘‘‘‘

- <part= “Capacitor”

o

“Crystal oscillator”

<parts_| nameran.lumlnum electrolytic capamtur«z;’par‘ts name:s
<Maker>ABCcﬂf-’rak§ ................. {;.\\\\ ........ - -
<guality>1agfaualin®., 00 T
<materlalszsnlumlnum{,!materlalszs hypernym
<,-’par‘t> Carsssmssnssenns ‘:\ _
is used for - RN -
</paragraph=
</bodyz Equal word “Aluminum”
<fsectionss
<fsection=
< fdocuments

Extended
information

4.32

@uoooboboboooobobbooooobobobooooobbooooobooboboo
gboobooboobboooboobobooobooboooboobboobooobbon
gboobogooboobbooboobobooboobbooboonbo

If(A<B)\(A'isintheupperlevelof B')) Then thescoreis high
If (4> B)"\(4 andB arein the samelevel)) Then thescoreis high

(4.3)

UbobooABOODOODOODOOODOOODDO A’ODPBOXMLOOOOOOOO
ubobABOOOOOOOOOO0OOO0ODO*0000000DOODOODOODOO AB
gbooboooboooboobon

¢Gg)uobmobogobooboobobooboooboobooobomb XML

gboobgooboobobooboobooobooboooboobboobooobobon
gboobgooboobooobooboooboo pcobogon
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U 433 000bgdboooobuoobuoobbuooboobboobooboboon
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
gbboobogbobooobooboooo* obor o*ogabobga* buobboo
ugbb43bg0bouoabobogbuoobbogboobboobbooboobbad
gbboobuodgbbooobuoobbooboobboooboobboobuoobbon
ubobooobodgboobbooboobbooboaobboond

ugbobAlgoobooOoooobooogod® pppo99” DLOUOUOOODOOOOOOO
ugbbooobuoobobodgbooobuooboooboo boobbogrbooo
oo boggr” obboobuoouobbooboobboooob="000>00
ugbo* obgogboorgobaaboo

gboBbOooobogoobooobo® oooog” g oboobo* bbooooan
gbooboooobooool oboboroboooooon
gbbochbuobobooonouoobboobuoo oo booooobobooo
gboobooobobooboly oobobor"oobooooo

gooobobobbbouogoooobbobbbooooooobbobobboooooaoon
gbboobooboobboobooboboon

4.33
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4.34

4.2.5

ubooobooboobobooboobobooboooboobooobooboaoo
ub43stodoooooooboboooooobobobgobobooobooboboonbon
gboboook ooboboooboooboobbooboobobooboboooooon
uboboobuoobobooboobbooboobboobrROo0obOooboboOobrROOn
ubobooboboooboobboobooonbooo

Buttonsfor user confirmation

Guidance message

PSDSs menu
Report

{gk to the Failure case

Guidance
message
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4.2.6

€))
ubobooobooooboooobooobobooobobooboboobbooooboon
PSDSsO 00000000000 O0O0bObOo0obOo0boboonooodg 43600000
ubobooboobobooobooboboooboobbooob 133o0bo00oooan 1320
uboboobogboboooboodono 2e5000000000000000O 36000044
boboobooboboooboobbooobooobbobooboooboonbnd WebO
boboobooboboooboobbooobooboboooboobboobooooboobon
UO00o00ooOobooboOPpsDSsO00O0O0OO0OO0 49% 0000000 128/262[1]

O ltem of checklist

PSDS 128 W Failure cases
S 79 II

Failure

information
storage 174 88 262
system

(Database)

0 50 100 150 200 250 300
Total time for checking a specification document by three engineers (minutes)

4.36

&)

U 4370 PSDSsOOU00O00oooooooooboooouboobbooooan
ugbboobuodgboboobuoobbooobuoobboooboobboobuoobbon
ubbooobbooobboobuobboobooboboobboo27booon
ubboobuoobboomuoobuoobboobuoobbooboobon

gobodb 231 googgbboooouobboobuoobbooboobbod
ugbboobogbodg 2%.uidbudgbobag 28%0ibudboboggouoabobad
ubbooboobobodgbboobobuoobbobbuobuooboobobuoobod 13%0
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
ugboboogoboodl exudibobuoubbuoooouoooboooobboaobboad
gbboobuodgbbooobuoobbooboobboooboobboobuoobbon
ubboobuoobbooboobbooboonon
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The conditioanl part is
unsuitable
13%

Correct guidance Irelvant guidance The kr po is old
72% 28% The guidance is tedious :
6% Problems of the method

3%

Problems of the
document
2%

Unknown
2%

4.37

®
gbbooobogbboobooboboobooboboobooobopSpbSsgoooon

ubobooboobobooboobboooboobboooboobobooboooboobon

gboboobooboobbooboooboboobooobobo

[A]
[B]
[C]

043800000000000000[AI0D00ODO 36%0000000000000000
gbogbgooboboobuooboobobooboobooobobooboobuoobo
gbogbgooboboobuooboobobooboobooobobooboobuoobo
gbooobgoboooboobooboAjboboobdnNnsuoooboobooboobg
gbogbgooboboobuooboobobobooboobooobobboobooboobo
gboogbgoboboobuooboobobooeIbgob 20%000000000000
gbooobobboboobuoobobooboobooboboo

(a) Relatively low-skilled designer (b) Experienced designer
Specification document of unit A (54pages) Specification document of unit B (105pages)
4.38
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4
gboopSDSsOOdnonouodbooobobuodgbooobouoobbooboaoboogn
gbbof3sobbogobgubooobbodgboobbodboog 40000bobod
gboudgbooob439bugnouoobobooboobboobbooboobbad
gboobooobooboooooooooooooooooooooomobobobobon
gbboobogbbooobogbbg esmsece oo oooooonbon
ugbboobodgbbooobuodobbooobouoobbooobuoobboobooboo

4.9

OS:Windows XP, CPU:Pentium M 1.3GHz
Word processor:Microsoft MS-Word 2003

OS:Windows 2003, CPU:Xeon 3.0GHz x 2, Memory: 2GB
100 Base T
330 ( 193 137 )

@
o
o

~
o
o

y = 3.5289x + 87.59

» (6] (2]
o o o
o o o

w
o
o

Response time(msec)

200

0 50 100 150
Send / Receive data size (KB)

4.39

®

gbooboooobooooooooboooobooboobooboboo 4100000000
goOoPpSDSsO 0000000000000 O0O0m3OO0O0O0O0O00000000 139
obooooobz24000000/L00000000DODOODODOODODODODOD
gbobobooooooooboooobooboobooboboboboboboboboob
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4.2.7

uboooboobooboboobooobobbooboooboobooobooboaoo
gboboobooobooboobobooboooobooobooooboobooboooboooo

@

@

4.10 139
(1) 9 .6
( 54 )
(2) 3,3
( 9 )
(3) 2 ,16.75 /
( 33.5 )
(4) 2 ,105 /
( 20.5
(5) 1.4
( 4 )
(6) 6 ,3
( 18 )

(2006 )

MS-WORD,CAD

m———
e e e ]
el

ZHEHRNA LN —Yas
neQ

FA

[———

4.40
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5.1
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5.2

ubooooboboooboobooobooboobbooboobobooboooboo
5.2.10000000000DODLODODLODODbLOSs.220000000D0ODODO
obobooboooooooooos.23ogooooooooooooooooogoo
ubooobooboooood

5.2.1

googs20000000b0o0boobobooboooobooobooonoboooo
gboobogoboobobooboobobooobooboooboobboobooobbon
gboobogoboobobooboobobooobooboooboobboobooobbon
gboobogoboobobooboobobooobooboooboobboobooobbon
gboobogoboobobooboobobooobooboooboobboobooobbon
obooobooboooboboobooobobooooobooboooo

Traffic signal | Traffic image sequence data

o = —

Traffic image analysis

Pole

Knowledge database

Object data

, Semantic category, Attrib:

................................................................
R .

ocity, Acceleration, Directio

dicate verb definitio

..................................................................

Case frame data —
Language description of

traffic events

5.2
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5.2.2

gs3tgobooobooooboooboooobooobooooboobooonobooaonoo
ubbooboooboboobooboboooboobboooboobbooboooboobon
ubbooboooboboobooboboooboobboooboobbooboooboobon
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uboboobooboboobooboboooboobboooboobbooboooboobon
uboboobooboboobooboboooboobboooboobbooboooboobon
ugoog

Input image l Difference of the input image and Background image

Target area around the intersection

Target area A

lExtracted moving objects

Sample trajectory. i

e a

Trajectories of objects Normalized virtual space

5.3
@

Tuzel DO DOO0OODOODOODODOODODOODODODODODODODODODO
[5-715-8jib0boboboboobooboobooobooooooooooooobooboobon
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5.2.3

ubobooobooooboooobooobobooobobooboboobbooooboon
gboboobooobobooboobbooboooooboooboboboobooooban
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O00000OooOoOo0obOO0o0obO0odbOOoooObOOoOobOO0ooOoooDoOoooDoOonoo
0000O0MOobooOnU Fillmere D OO O OOQOOS-10]0000bOoonoooonOOd
00000000000 0ooOOooOo0ooOo0oooooDoooooooobDooooDooonDg
00000000000 0ooOOooOo0ooOo0oooooDoooooooobDooooDooonDg
00000000000 0ooOOooOo0ooOo0oooooDoooooooobDooooDooonDg
520 Fillmore DO OO0 0O0OODOOODOOODOOODOOOOD John broke the stick” 0O O
0000000000000 bOO0obO0obOOobOOobOobOoDbo

[broke] 0 O OO O (PEV) - [John] 0 O O O (AG) — [the stick] O O O (OBJ)

goooooboOooOoooboOoooOo0oobOOoobboUoOooOOObooDbogobobooo
oboboooboobooooooooboobooooboobooooboooo s3mouooo
OO0O000Oroke] 0000 ODO0OD0OODODOODODOOO Human O LivingOOOO
000000000000 bO0bU0ob0obO0obOobOobOg Physicalobject DO O ODOO
UbooboboobOobobOobOobOobdppreke b 0bOobOOobDObDODODODnDO
oo0oooO0oboobooooooo

gboobooboboooooooooooonogoG cAGgLoooonoooooooo
0 000 PHYSOBJ, LIVING HUM, PHYSLOCO OO OO OO

obobooooobboooboboooboboooobooOon Yuri Al Ivanov O F.
Bobick [ simolified grammer [J O [0 Olvanov U O simolofied grammer 0 0 00000000
obooooooooops-npoboobooboboobo0obobo0b00b00O0Filmered 000
Oo00O0o0oboOoooooboOoood

(1) Oooboobooodobbobooobobooobobooobobooobobooooboon
uboboobooboboobooboobbooboobobooboobobon
ubbooboobobooboobboobooobboobooonoog

2 OobOboobooobobooboobbobobooboboooboobboobd
ubboooboobooboboobooooboobooboboobooon

(3 0OO0O00ODOOoObOOoOobOOO00ODOObDOO0OO0OUObDbOObbOO0ODOODbO
ubooooobooogboooboo
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5.2 Fillmore

Case name (label)

Definition

Agent (AG)
Counter-Agent (CAG)
Object (OBJ)
Instrument (INSTR)
Source (SO)

Goal (GO)

Location (LOC)

Time (TIME)

Experiencer (EXPER)

A person or entity causing a verb's action to be performed

The force of resistance against which a verb's action is carried out
An entity affected directly by a transitive verb's action

An inanimate entity causally involved in a verb's action

The place from which something moves

The place to which something moves

The location or spatial orientation of the state or action

The time of the event

A person or thing affected by a verb's action, replacing dative

5.3
Semantic category definition Semantic category definition
PHYSOBJ Physical object PHYSACT Physical action
LIVING Living MENTACT Mental action
HUM Human PTRANS Physical movement
TIME Time ATTRTRANS Attribute change
PHYSLOC Physical Location BODACT Body action

&)

ubbooobuoobobooboobobooboobbbooboooooboooboooon
ugbobooboooboboooboobbooobooboooboobboobooobobon
uboboobooobobooobodob s4booobbooboobbooboobobad
ubooobooboooboboobooooo

(@

(b)

goboooooboboobooooboboooobboooooo

gboboooooboooooboboooboboooboboooboboboooooo
gboboooooboooooboboooboboooboboooboboboooooo
gboooboboood

goboooooboboobooooboboooobboooooo

gboboooooboooooboboooboboooboboooboboboooooo
gboooooboobooaaoo
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ugobobooobbuooobbbooobbboooboboan

©

gooaoboog ss

NN

dist(P,;, P, )=0

M

d (aAG ) d (aCAG

)

>1

+
dt dt

(d)

(5.1)

[COLLIDED DO OHOOoOoooooboooobooobooobooooo
distD0 0000000000 o0oooooooooooonooodnooon

gbobooobooboobbooboobboobooon

(a) Object data
ObjectName [CAR] [PEDESTRIAN] [BICYCLE] [DOG] [Footway] [Roadway]
SemanticCategory PHYSOBJ HUM PHYSOBJ LIVING PHYSLOC PHYSLOC
Width=5 Width=1 Width=1 Width=1 Area in virtual Area in virtual
Attributes Height=5 Height=5 Height=5 Height=1 N U
space space
Length=10 Length=1 Length=5 Length=1 P P
(b) Physical parameter definition
Verocity Acceleration|  Position Direction of Size Dlstanc.e of two
movement objects
v H X,Y,Z H w,H dist(01,02)
(c) Predicate verb (PREV) definition
[RUN] [STOP] |[ACCELARATE]|[DECELERATE]|[TURN RIGHT]| [TURN LEFT] [COLLIDE] [PASS]
3 —N ¢t _ pt-N . _ t t
Ve >0 Ve =0 d(VAg)>0 d(VAg) <0 060 O =0 dlSt(PAG’P(}iG)_O 0. _HCAG‘> 140
dt dt >20 <=20 N A
3y -N -N
continue N | continue N continue N continue N d(aAG ) + d(ao‘*c) >7n dist (P AIG > P cI‘AG ) <7
dt dt e
frames frames frames frames
dist (P,jG , Pl )> T
(d) Caseframedata
Case name [RUN] [STOP] [ACCELARATE]|[DECELERATE]| [TURN RIGHT] [TURN LEFT] [COLLIDE] [PASS]
Acent AG-PHYSOBIJ or | AG-PHYSOBIJ or AG-PHYSOBJ or | AG-PHYSOBJor | AG-PHYSOBJ or AG-HUM
iz‘ AG-LIVING or AG-LIVING or AG-PHYSOBJ | AG-PHYSOBIJ AG-LIVING or AG-LIVING or AG-LIVING or AG’LIVINZ
49 AG-HUM AG-HUM AG-HUM AG-HUM AG-HUM B
L((;::g(éo)n LOC-PHYSLOC | LOC-PHYSLOC LOC-PHYSLOC LOC-PHYSLOC LOC-PHYSLOC LOC-PHYSLOC
Counter-Agent A,S(-]ITE‘\(]?](\?(B]{:" AG-HUM or
(CAG) AG-HUM AG-LIVING

5.4
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®

dist(P 4, PCy5)

a,:
V4G & (e
Vcuac
o €1
CAG
5.5 [COLLIDE]( )

goooob«b00bbooboobbooobuoobooon

(@)
(i)

(iii)

(iv)

™)

(vi)

Us4d0D000000000DOOO0OOO0OD0ODOO0ODOO0O0n
gbotobooboono 0 AcOOOO0DO PeUOO0ODOODODOODOO AG
Ubooooboobboob:0b00bbo0bu00bbon0bOddPye=1.00
Ubooooboobo:;00b00bo0o0bo0biogn Py =050000
Uboooobd Pe=00000000000000iO[CARIDOODDOOODO
Uoooobooboboobog 0 PpHYSOBIODOOODOODODO[RUNIO
AG DOUO0O0OO0O0OO0D0O pPHYSOBI UODOODOOODODOODOODDOOOO
oboob P O 100000

U0o00o0oDbo0boonD;0ubb Prep00000O0O0DO0O ;00000
o000 s4 0000000000000 OPp=100000000000
O Pprey=0.00000

U00P, DOODDO0ODO0OO0OOD0OO0OD S4a00000000000O
Uboooobogbo pHYSLOCOODOOOOODODOOOOODOOOOD
goo:;000b00bbooobo0boobbo0obioonDidPree =100
gooooboobooobooboonobooboobbOooibddPrec=0.5
goog

oboboobooboooo cAacOuoboonoonooogy )0 cacooog
Ul Pu,es00O00D000D0DOOD0DO0ODODMODOODOOOO

oboogobg F0O0 S200000000000000000000O0O00O
gbobe000odobboooboobboobeDOO0ODDOODOOn
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gobooooo@oopoooboobooooooboboooboboooooboonog
ubboobuodbodg e>-100000000DOoO0OO0OLOObOOObOO0ObOO

E=0ppy - log(PPREV) +0,6- log(PAG) + 040 ‘log(PCAG) +0,0c '10g(PL0c) (5.2)

(5.3)

c

_|1:If the CaseFrame has the case'C"
~10: Otherwise

4
ubboobuoobbooboobboobboobooboboooboobobooon

ugbboobuodgboboobuoobbooobuoobboooboobboobuoobbon

ugbboobuodgboboobuoobbooobuoobboooboobboobuoobbon

ugbboobuodgboboobuoobbooobuoobboooboobboobuoobbon

ubboobuoobbooboobooobooobboon
ugbobooobogbooboo

[RUNJOODOOO —[PHYSOBJJOO OO -[PHYSLOC]O OO

gbooooboooboobbooboobboobooboboobboooboboooon
U0Do0o0bo0booonoDbodn P =050000000 E0-100D0000DOO0
gboboobodr0dbboooboobboooboobboobobooboonon
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5.3

5.3.1

vboboooboobooootboobobooboooOboooboooooboooobooobooooo
vbobooboooooooooooooooboooooooooobooboooooono
vbobooboooooooooooooooboooooooooobooboooooono
oboboobooboobooooboooboobooogs40b0bogoboobogonn setion
bobooboooooooooooooooooooooonoog

715
sicv| [Tie
CLEf 7

~~|
[T18-21

T20-T21

=]
i
W |
T
T
T
I
T
I

N

T19

it

~ Trajectories

T18
T13

T17 T11

T1L ‘EICVCLE
T10 To

T8 {4 f[T3 {2 T0
T2 11

T2

CAR T1

10

TIME 1
EVENT [CAR-(OID:0)] [RUN] on the [Roadway]E=0.00
EVENT [BICYCLE-(OID:1)] [RUN] on the [Roadway]E=0.00
TIME 2

EVENT [CAR-(OID:0)] [RUN] on the [Roadway]E=0.00
EVENT [CAR-(OID:0)] [DECELERATE] E=0.00

EVENT [BICYCLE-(OID:1)] [RUN] on the [Roadway]E=0.00
EVENT [BICYCLE-(OID:1)] [DECELERATE] E=0.00

ME 3
EVENT [CAR-(OID:0)] [RUN] on the [Roadway]E=0.00
EVENT [CAR-(OID:0)] [DECELERATE] E=0.00

EVENT [BICYCLE-(OID:1)] [RUN] on the [Roadway]E=0.00
EVENT [BICYCLE-(OID:1)] [DECELERATE] E=0.00

TIME 14
EVENT [CAR-(OID:0)] [RUN] on the [Roadway]E=0.00
EVENT [CAR-(OID:0)] [ACCELARATE] E=0.00
EVENT [CAR-(OID:0)] [TURN LEFT] on the [Roadway]E=0.00
EVENT [BICYCLE-(OID:1)] [RUN] on the [Roadway]E=0.00
EVENT [BICYCLE-(OID:1)] [DECELERATE] E=0.00
TIME 15
EVENT [CAR-(OID:0)] [RUN] on the unidentified place E=-0.22 }

EVENT [CAR-(OID:0)] [TURN LEFT] on the unidentified place E=-0.22
EVENT [BICYCLE-(OID:1)] [RUN] on the [Footway]E=0.00
EVENT [BICYCLE-(OID:1)] [DECELERATE] E=0.00
EVENT [BICYCLE-(OID:2)] [RUN] on the [Footway]E=0.00
TIME 16

EVENT [BICYCLE-(OID:1)] [RUN] on the [Footway]E=0.00 Alert of
EVENT [BICYCLE-(OID:1)] [DECELERATE] E=0.00

EVENT [BICYCLE-(OID:1)] [TURN RIGHT] on the [Footway]E=0.00 i i
EVENT [BICYCLE-(0ID:2)] [RUN] on the [Footway]E=0.00 Abnormal situation
EVENT [BICYCLE-(OID:2)] [ACCELARATE] E=0.00

TIME 20

EVENT [BICYCLE-(OID:1)] [RUN] [Footway]E=0.00

EVENT [BICYCLE-(OID:1)] [DECELERATE] E=0.00

EVENT [BICYCLE-(OID:1)] [COLLIDE] with [BICYCLE] on the [Footway]E=0.00

EVENT [BICYCLE-(OID:2)] [TURN RIGHT] [Footway]E=0.00

EVENT [BICYCLE-(OID:2)] [STOP] [Footway]E=0.00

EVENT [BICYCLE-(OID:2)] [COLLIDE] with [BICYCLE] on the [Footway]E=0.00
TIME 21

5.6
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0000000 ooo0o0ooooooooooooooooooooooooog
000 0O O"A car turns right on the roadway."0 0 (DO 00000000000 0OOOO0OO
OO "A bicycle collides with a bicycle on the footway."O 0 0 0 000000000 OOONO
000000 "A car runs on the unidentified place"0 D 0 0000000 OO

5.3.2

ubbooobuooboboobooboboobooboboobooboboobooooon
UsmO0000000000O0000DOO00bO00bo0bO00bO000onoobO0o0booanoDo
Us40000000000000b000b000b0b00b00o0bobooboooobDoban
ubobooboobogn s7moao s40o00bogb e boonooooon
sigbuouoboobooboooooooobomoab sooboobooooboobon

5.4
Camera device DCR-TRV900 (SONY)
Scanning system Progressive Scan
Mode Automatic (Brightness, Shutter speed, white balance), Zoom:Off
File format AVI (DVI compression), 15 frames / sec
Size / Color 720 x 480 pixels, 24bit color
5.7 00000 GoogleEarthO OO OO

ubboobuoobbobooobuoobboobuoobobooobuoabbo s4an
ugbboobodobboooboobbooboobbooobuoobboobuoobbon
oboooo 1sgbobobobobobooooomooooooboboboyrTgnO
ugbboobuogobbodobo issgnuaboogobuooboooobaooobad
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0000do0ooooooooooogoi38%ulidddddogoooogg ssmoon
oo 152%0 00000000 ooooobuooooboooooood
oot oooobooooooooooon
00000DOO00O0OO0OOooODbDOoOoooOoOoonO "Acar collided with a car on the roadway"
oo oooooooon 11o0%s uoooooooood
oo oooou* oo oooooor ooooo
oo ooogoobouooooooooooboood 100x100x100 O 0O O
goobodood gobobuooooobogog ssdgogooooooobooooon
goooood

5.5

Correct 73.8%

15.2%: Moving object extraction error in the image analysis.

Error 26.2%
11.0%: Verb estimation error in the semantic analysis.

(e.g. [PREDESTRIAL] [RUN] -> [PREDESTRIAN][STOP])
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(a) Correct traffic events

The [CAR] — [TURN RIGHT] s - on the [Roadway] E=0.0
(AG) (PREV) (LOC)

The [CAR] — [STOP] s — on the [Roadway] E=0.0
(AG) (PREV) (LOC)

The [BICYCLE] — [RUN] s — on the [Roadway] E=0.0
(AG) (PREV) (LOC)

The [CAR] — [TRUN LEFT] s - on the [Roadway] E=0.0
(AG) (PREV) (Loc)

The [PEDESTRIAN] — [PASS] s — the [PEDESTRIAN] - on the [Footway] E=0.0
(AG) (PREV) (CAG) (LOC)

The [PEDESTRIAN] — [RUN] s - on the [Footway] E=0.0

(AG) (PREV) (LOC)
(b) Error traffic events
Traffic signal changed Several cars are detected as one moving object A car is divided into two moving objects
5.8 a (0)
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5.3.3

gsebigbononoooboboooboobbooooobboobooooooooon
ubobgoo s40bo0oooboboobooaoboobgz21sogooodno cooooan
ugbboobooboboooboobobooobooboooboobboobooobobon
ugoboogbobooboobobobooooobbooboobboobooboban
ubbooobooobbooboobboobooonon

5.6
Data Size Type
Object data 54 lines (about 9 lines / object) text
Physical parameter definition & 116 lines (about 14.5 lines / verb) C language program
Predicate verb definition
Case frame data 45 lines (about 5.6 lines / verb) text

5.4

Uo0oobobo0boo0ob0o0obOobo0obuoobobbodDSSSH Driving Safety Support
SystemsUO 0D 00000000000 0O0O00O00O0O00O0OD0O0O0ODOOOOODOODOOO0
gobogbgoooboboobooboobobobooboobooobobbooboobuoobo
gobogbgoooboboobooboobobobooboobooobobbooboobuoobo
gboogbgoooobooboonD B8»booobooboooboobobooboobo
gbogbgooobooboobuooboobobbooboobooobobobooboobuoobo
gobogobgooooboobo* boobobobooboo” oobobobooboobuoobo
gbooboboboboobgoobooboo

ggooooboboooobooddoooooobobobobbbbodooooooon
ugoooobobobobbbbotboodoooooooooo
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5.5

ubobooboboobbooboobooobooboooboobooobooboaoo
ugbobooboooboboooboobbooobooboooboobboobooobobon
ubooboooooobooooo

ubooobooboobobooobooboobbooboooboooboboooo
ugbobooboooboboooboobbooobooboooboobboobooobobon
ugbobooboobooboooboobobooobooboooboobboobooobobon
bboobooobobooboobboobooooboobobooobooobboon o
ugbbooboobbooboobbooobooboooboobbooboobbon
ubbooobooboobbooboobboobooobbooboanboo

uboboobogbobooboobobooomsxoooooooonooaooon
uboboobooboboobooboboooboobboooboobbooboooboobon
uboboobooboboobooboboooboobboooboobbooboooboobon
uboboobooboboobooboboooboobboooboobbooboooboobon
uboboobooboboobooboboooboobboooboobbooboooboobon
gboboobooboboooboobbooobooboooboobbooboooboobon
ubobooboobbobobooobooboooboooboo
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