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2. New Approach

UC: user created

WS/SS/NS: well/semi/non structured
PCD: producer-centric data

CCD: consumer-centric data
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extraction and retrieval
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1. Abstract

* Increasing complexity of product design process
- the number of design documents has exploded
« To design information retrieval

= Shallow natural language process(NLP)

= Domain-specific design semantics/ontology
v" Text/unstructured - structured/semantic-based representation

Design Application

DOC Linguistic

(Text) Patten Concept & Specific

Relationship Design Semantics

« To improve the performance of design information retrieval

= Developed ontology-based query processing
v Users' requests are interpreted based on domain-specific meanings

] . Concept
> Design Scoring & D(.)c'
Concept . . Retrieval
Query Pairing
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2. System Architecture & Functional Diagram

ODART: Ontology-based Design document Analysis and Retrieval Tool

e )
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|\

: uer
Doc Semantics Qusy Query
) Semantics
Design scrl' antics extraction
Syntax analysis

| : - Indexing
o » Semantic analysis
. NI , i : '
Linguistic knowledge Domain knowledge > Sermantics | Domain ontology |
(Domain 0nt0]ngy> representation of Processed
design documents / Query
Syntax rules ( Semantic rules ) \ Application ontolog i
AL | Query | Token- Quer
o ——— - - a Retrieval | processing ization y
"\
Technical reports
Proposals
Drawing notes
- > Display -
Corporate document
repository P
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3. Ontoiogy Modeiing

/,
\

T
D

CC - Coordinating conjunction

CD - Cardinal number

DT - Determiner

EX - Existential there

FW - Foreign word

IN - Preposition or subordinating
conjunction

23 - Adjective

JIR - Adjective, comparative

JIS - Adjective, superlative

LS - List item marker

MD - Modal

NN - Noun, singular or mass

N Noun. plural

NNP - Proper noun, singular

NNPS - Proper noun, plural

PDT - Predeterniner

POS - Possessive ending

PRP - Personal pronoun

\

UPenn TreeBank Il word tags

PRPS - Possessive pronoun

RB - Adverb

RBR - Adverb, comparative

RBS - Adverb, superlative

RP - Particle

SYM - Symbol

TO- w0

UH - Interjection

VB - Verb, base form

VBD - Verb. past tense

VBG - Verb, gerund or present participle

VBN - Verb, past participle

VBP - Verb, non-3rd person singular
present

‘VBZ - Verb, 3rd person singular present

WDT - Wh-determiner

WP - Wh-pronoun

WPS - Possessive wh-pronoun

WRB - Wh-adverb

_

\

Design semantics

\
extracted from documents
f
| |
Function Device taxonomy Envir
taxonomy Product + Component tax
[ [
Material Performance taxonomy Manu
taxonomy Property + Unit tax

-

< Linguistic Knowledge>

Fig. 2. The layered design ontology model.

\

Taxonomy

mobile rocket
launcher

Device

Electrical

Fig. 3. The device taxonomy.

/
\

Design semantics definition
Concept_instance

category

Plop'erw Fun;.‘uon De\:we

has_value has_object has_part

has._function
has_property
has_material
has_manufacturing

Product
isa

\

Component

. .
Material Manufacturing

Environment

/

Reference Model

< Domain Knowledge>

13
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4. Desigh Semantic Extraction

TBXtual deslgn UPenn TreeBank Il word tags
documents + co-Contirio e R

= CD- Cardinal number + RB-Adverb

[ R » DT - Determiner *  RBR - Adverb, comparative
= EX - Existential there *  RBS - Adverb, superlative
*  FW - Foreign word ¢ RP-Particle
= IN - Preposition or subordinating * SYM - Symbol

conjunetion © TO-10
© 0 Adjective + UH - Intetjection

)
e . . «  1JR - Adjective, comparative + VB-V form
[ Oke nizin + 1IS - Adjctive, superlative + VBD - Vrb, past fense
.+ 18- Lis arke + VB - Verb, gerund or present participle
* NN S

st participle
+ VBE - Verb, non-3rd person singular

pres:
* VBZ- Verb, 3rd person singular present
WDT - Wh-determiner
WP - Whepronoun

L el :
* . - PDT-P: .
| POS tagging [«—( Lexicon ) o !

\_//

|”'_S}’Ttax] [ Phrase chunking | < Linguistic Knowledge>
v rules

¥
Concept
recognizing

Feobot =

mobile rocket
launcher

Domain

Function Device taxonomy W :c le
vehicle -
on 101 Ogy laxonomy Product + Componem | |

Reference . . S B
} Mo
resolution | ~— e -

pinion
- Fig Design semantics definition

"Semantic) Toi ];El \ o

L ]'l.'l] cS _/I g Propérty Fun;:non De\:me

has_value has_object has_part
has_function L
has_property Environment

. Appli‘cation ) orgiet
\__ontology

steering
wheel

—

AC motor
DC motor

. .
Material Manufacturing

lectrical

he device mxonomy

Product Component
is.a

/
< Domain Knowledge> 14

Fig. 6. The modules and procedure of desigh semantics extraction.
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4. Design Semantic Extraction

Our action toy is a i laun

the turret to rotate 360 degrees clockwige or counterclockwise
lowered by hand by placing the base of the prop arm into the slots......

- The physical prototype is capable of moving forward or
backward driven by a _DC motor with a 1:64 gear ratio. A second DC motor tums a pulley that allows
wi nterclockwise. The rocket mount can be raised and —

F&;am d;-;iéﬂ

¥

a second DC motor turns a pulley that
DT JI NN NN VBZDTNN TDT
NP AVP NP TDT

CCI FCI CCI TDT

allows the turret to rotate 360 degrees

VBZ DT NN TOVBZ CD NNS

AVP NP AVP MVP

FCI CCl FCI ucCI

clockwise or counterclockwise

RB CC RB

RB cC RB

RB cC RB

¥

concept graph generation

second DC motor ™ pulley
category: component category: component
has_function: e turns has_part
has_propert . ag fion: e
—Property category: function h.n._funcll_on.
has_material has. object: has_material
has_manufacturing S_object: has_manufacturing
i1 ¥
turret allows
category: component )
. p ry__ ‘po category: function
has_function: roiate I biect
has_object:
has_property category: function T
has_material has_object L
has_manufacturing

S three way switch \

The motors and the batteries are purchased from the local store. The pulley is made of plastics by - documents _
= I'I'nkcIizing

POS tagging IiLcaicon)

(Syntax’)

o Phrase chunking |
\_rules

Concept

recognizin, - —.
= S [ Domain |

r \_ontology
Reference . £
| resolution

I e -

(" Application |
\_ ontelogy J

Fig. 6. The modules and procedure of (ln_'\i_uh sermantics extrachion.

- launcher N\

,/’ N AN ]
7 7/ \\ e |
// o ‘ N N [driven glides |
4 turret \ S N W, \\ / | \\-(urns
4 " ,? <econ‘:i DC \‘ ) 1:)(;. . N 4 Wheels | [ second DC motor |
/ " motor -
[rotate ] / /| motor \ [ DCmotor ]

N\

/ ¥
/ handheld /
Pz hand held box | - v . / remote control drive
(_gear ratio ) | —

pa == pull et
-~ mounted mechanisms |

\

A
planctary gears
~ —
+_controlled

Fig. 8. Anillustration of concept pair selection. [A color version of this figure can be viewed online at www.journals.cambridge.org]
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5. Evaluation

Design semantics definition
Concept_instance

category
Property Funection Device Material Manufacturing
has_value has_object has_part
has_function L
has_property Environment
has_material
has_manufacturing
Product Comp-onent
) is_a
____J C EERL L R s S T 9 L____
h 4 “. Design semantics representation w v
Design Entity
category: system root
- gear ratio ¥
category. property mobile rocket
has_value: 1.64 launch
cal aru ppraerucl ™ dlistih'
B :90 f | category: function
DC motor il
pppp—— - driven *has_part -
category: component Tas Tanction: ® | - plastics
has_part category: function has_material category: material
has_function: e has_object: , has_manufacturing
ehas_property - N e
has_material ¥ puicy
has_manufacturing rocket mount category: compaenent
P category: product has_part
has_part has_function

raised
*has_function:

has_property

has_property

category: function *has_material:

has_object. » has_manufacturing *has_manufacturing:
= v
lowered hand 5 ;_ T
category: function ) i p
has_object category: environment category: manufacturing
——— . & A A — — —

Des=ign documents

QOur action toy is a mobile rocket launcher. The physical prototype is capable of mowing forward or
backward driven by a _DC moforwith a 1.64 gear ratio. A second DC motor tums a pulley that allows
the turret to rofate 360 dearees clockwise or counterclockwise. The rockef mount can be raised and
lowered by hand by placing the base of the prop arm into the slots.......

The motors and the pbatteries are purchased from the local store. The pufley is made of plastics by

f Find brodtjcts having DC motors Search

mobie rocket launches :"-——-.:!

L}

_ barna
_ﬁ(—.‘_;'natr.-r 5

handheld remate control |

cnve
| pully belt mechanizms | -
E| o
ek | oK
Nawt >
Prototype al

Qur action to¥ 15 a mobile rocket launcher. The phvaical prototype is capable of |

moving forward or backward and driven by a DC motor with a 1.64 gear ratio. A second
DC metor turns a pulley that allows the turret to rotate 360 degrees clockwise or
countercleckwise. The rocket launcher 15 controlled by 3-way switches mounted in the
handheld control box The secket mount can be raised and lowered by hand by placing the
base of the prop arm into the slots on the top of the turret  The rocket can be fired by
pulling it hack against the plate on the rocket mount to compress the spring and releasing
the rocket The wirtual prototype of the rocket launcher was modeled 1n ProfE and uzed to
construct the prelminary mechamsms of the toy The mechansms 1nelude gears in the
power tram to drive the rear wheels,

Manufacturing

The motors and the battenies are purchased from the local store. The pulley 15 made
of plastics by STL. The turret is sanded to make a smooth surface. The turret and the body W)
‘ g
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Introduction of Basic Algorithm
for semantic document processing
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oining Representation
Concept T $ -
Relationship
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Concept
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Concept Indexing

Vector Space Model
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Feature
Disambiguation
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Engineering
DOC
(FE/EAE)

Bayesian classification

,_
Az
u
rin
Ao
>

\.—-’

POI Extractor

! oo

e A e
[ CIHE) As (E01=)

TF-IDF ‘1’ ‘1’ Tokenization
{ HAE FH [ chel 2% J
S
. IE, OP

*TF-IDF : Term Frequency - Inverse Document Frequency

« |[E : Information Extraction _

* OP : Ontology Population QIE A/QIAE A/

Iz 2%
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Training Data Set ——>  Feature generation Classifier Prediction ——>| Classification

Training data sets

w1 w2 Class
FMEA Failure Analysis 1

(FMEA, Failure Analysis:**)

v

! Evaluation [Measure 1
' Concept Design 2 »

Detail Design 2 Output : Class 1

CAD Drawing 3
N o 3
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FrAEAFAILLIRE MODE AMD EFFECTS AMALYSIS) Do

Output :

Rapoming Person ; Mr, A
Heportmg Labe - 20040000

Crevrall asissment @ Thene are mal-derctions in Filedng o collect dust ard remove gas. It makes

! & Ten nat purifang polluted aic We found 4 ressans why the fan wasn't working properly.
H 4 meason: Lack of TORDUE, Lsck of TORDLUE FILTER MEDLA ARESA, CPOUPLING RUBBER SHAFT

e - _.._IAI____L.,.__H;L”_,_,—J_ —Title : FMEA(FAILURE MODE AND EFFECTS ANALYSIS) Doc.
| PR e P ~Structure |
| | e £ 53 53 o el I el Y Meta—data : Image : 0 JH, Table : 1J4, Text : 115, :
I s [ Y R I B I [ it - - A MrAn, EMA8-e 0 2010.8.20 ;
§ = I Y 8 O sl i~ —Text : FMEA(FAILURE MODE AND EFFECTS ANALYSIS) Doc. |
| — = == - Reporting Person : Mr. An i
poros [ | ||| = 119 Reporting Date : 2010.05.01

o =—] : —Overall assessment : There are mal—-functions i

. [ in Filtering to collect dust and remove gas. It makes :
i —==F== |'|'|'|° o a fan not purifying polluted air--- |
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22X —>| Tokenization +—> -E—A-_|_0_| Token Tok_en . Token &

= List A4 M Normalization 2A HE Mol
--------------------------------------------------------------------------------------------------------------------------------------------- =
i Stopword list !
| . |
; FMEA (FAILURE MODE AND EFFECTS A 1 FMEA 1 |
| ANALYSIS) Doc. Reporting Person : Mr. —Around 2 FAILURE 1.2
§ An. Reporting Date : 2010.05.01. - e » 3 Design 1,3 i
: There are mal—functions in Filtering to B Sh— 4 Reporting 1,2,4 i
collect dust and remove gas. It makes a ~In
i L fan not purifying polluted air--- ::f
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------------------------------------- o

| B (Text) | | TF-IDF || Text Weighting (52 &)

----------------------------------------------------------------------------------------------------------------------------------------------

Output : ‘Fan’ is the most important word.

| Doc.1 Doc.2 Doc.3 i
| - FMEA 4 2 1 i
FMEA (FAILURE MODE AND EFFECTS Failure 5 2 4
E ANALYSIS) Doc. Reporting Person : Mr. LFaCk 3 ° 0
{ 11| An. Reporting Date : 2010.05.01. » =S = 2 2 |
There are mal-functions in Filtering to |
] collect dust and remove gas. It makes a ‘
4| fan not purifying polluted air--- i
i Doc. 1 Doc.2 Doc.3 i
E FMEA 0.365 0.5228 0.157 i
E Failure 0.406 0.5228 0.365 i
E Lack 0.602 ) 0 i
E Fan 1.146 0 0 i
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POS tagging \‘
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Domain
Ontology
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Concept Disambiguation \

[ Concept |
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Joining \
Concept
Relationship

Je—

Semantic Doc.
Representation

: Similarity
Concept Indexing H A

l Query (%) J

‘/ Tokenization

‘/ POS tagging

POS Tagged
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------------------------------------- o R ;

2% | | Tokenization | Token(ZHof)

=% — - ol :FL_'_E':” — Token 44
= c (SHO| &, 457 =, OIH E.) c°

A second DC motor rotates air that makes a smell removed

v

A/ second/ DC/ motor / rotates/ air/ that/ makes/ a/ smell/ removed/
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------------------------------------- o E o ;

oxf | | POS(Part-of-Speech) tagging || POS tagging

Lexicon

! DB
--------------------------------------------------------------------------------------------------------------------------------------------- |
i DT — Determiner
| _ JJ - Adjective ]
A/ second/ DC/ motor / rotates/ air/ that/ makes/ a/ smell/ removed. NN - Njoun, singular or mass i
i ‘ VBZ - Verb, 3rd person singular present |
i TO 1o |
i A<DT> second<JJ> DC<NN> motor > rotates<VBZ> CD - Cardinal number i
| air<NN> that<TDT> makes<VBZ> a<DT> smell<NN> removed<VBZ>. ggs R '(\jlourg plural |
: — ver H
CC - Coordinating conjunction

A R e Ce 1

i Lexicon DB

=
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oh=of HEj4 24
(Korean Morphological Analysis)

System

L

] 1

| : Dictionary

i ct

i : (283L974$7ﬂ,, User Dictionary \L

P (Domain Lexicon N — ,

L 31=0f Z At Ef 2 (POS Tagging)

P

l\ $tLts 32 HEfA 7] (HanNanum v0.8.4)

: S -

e mm mm mm mm mm Em Em mm Em Em Em Em Em Em Em Em Em Em Em Em o Em Em Em Em Em M M M M M M M M M M M Em mm Em Em Em Em Em Em Em

0
}
m
i
I
Nio
o

TH 100kgOll Al 80kgO & 2t2F & =& QU

FTEHNC =E/NC 100/NN kg/F Oll/PV 80/NN kg/lF ZE/NC &EHI/NC Z=&I/INC RZ/NC
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N
(# of words in the phrase T; matches with) = E W,

m=1

Tscore; =
y # of words in the phrase

-Wm : weight of phrase

( contain only one word : Wm =1,
No match : Wm =0,
Rightmost matched : 0.55
[DHE &&= SGHUH =2 &8 =]

Rest of : split 0.45 equally )

X

] ex) phrase : “second DC Motor”
| 0.225 0.225 0.55 ;
Concept 0| “Motor” & &2, Motor |
; Tscore= (1*(0+0+0.55) )/ 3 = 0.183 i
Concept0| “AC Motor'e! &<,

Tscore= (1*(0+0+0.55) )/ 3 =0.183 AC-Motor DC-Motor
ConceptOl “DC Motor"d &<
Tscore= (2*(0+0.225+0.55) )/ 3=0.516 - DC Motor J} It & =2 B3 A&,
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------------------------------------- o R ;

= . 1 Joining

Joining

--------------------------------------------------------------------------------------------------------------------------------------------- ;

g Input : DC motor rotates fan.
- DC<NN> motor<NN> rotates<VBZ> fan<NN>.

Syntax Rule : NNAVBZANN -> VBZ(NN,NN)
- Rotate(DC Fan, air)
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o Concept Concept 2M U Concept &
= > == Disambiguation > Concept List S HE MO

i : Repor
; FMEA (FAILURE MODE AND EFFECTS FEMA z rVEA e |
| ANALYSIS) Doc. Reporting Person : Mr. | 2 FAILURE 1.2
An. Reporting Date : 2010.05.01. — 3 Dust 1,3
: There are mal—functions in Filtering to 4 Gas 1,2,4 i
collect dust and remove gas. It makes a
i L fan not purifying polluted air--- Dust Gas
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2 M W 2 ©0{2) Score, ex) FMEA, Failure, Dust, Gas*-+)
|

d1=<963222020000> i
cos(d2, d1) = (36+18+3+2+4) / (7.511.9) = 0.71 |

d2=<431100022421> , D22t D3t i
» cos(d2, d3) = (4+3+1+1+2+2) / (7.5%3) = 0.58 |

=
d3=<1111111110005 - o & FAE
cos(d2, d4) = (4+4+2+4+2+1) / (7.5%3.6) = 0.63

d4=<1000200211115>
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