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®m Motivation behind the research

® Objective of our research

m Overview of ECM process

® Background and related research
® Proposed system: ADVICE

® Validating ADVICE: Experiments

m Contributions and future work
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MOTIVATION

Improvement of design process QUALITY

Customer IMarketing I Design I Production COST TIME
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Virtual Collaborative Design Environments

a shared real-time simulated 3D environment that
facilitates creative collaboration of the design team

virtual enterprise
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MOTIVATION

Engineering Changes:
Modifications in

B forms

m fits

® functions

B materials

B dimensions, etc.
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ECs are:

B unavoidable
m desirable
m problematic
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MOTIVATION

= ECs consume 1/3 to 1/2 of the total
engineering capacity.

» Value-added time in ECM process
1S only 8.5%b.

» An EC spends most of its life-time
waiting for further processing.
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MOTIVATION

Problems:

m # of ECs processed

m variety of product families

B # revisions

B parametric vs. graphical data
B interaction with other elements
B # decision makers

® background of decision makers
® change propagation

B batching: determining priority

Vildan KOCAR 24/08/2006



“  OBJECTIVE
L

® Can we expedite and improve ECM process by employing
VCDE for presenting information more effectively?

m Is it possible to predict effects of changes requested and
prioritize change requests based on historical change-data?

Propose a smart ECM system embedded in a distributed VCDE:

1. A shared real-time simulated 3D representation of EC
perceived rapidly and accurately by users

2. User support by capturing and retrieving change data
for predicting change propagation and ordering change requests

ADVICE R—
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OBJECTIVE

Problems:

m # of ECs processed

m variety of product families

B # revisions

B parametric vs. graphical data
B interaction with other elements
B # decision makers

® background of decision makers
® change propagation

B batching: determining priority

Vildan KOCAR 24/08/2006



ECM PROCESS
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RELATED RESEARCH

m Engineering Change Management
- surveys and reviews
- industrial case studies
- tools & solutions (scarce)

- change propagation (parameter, DSM, STEP- static & subjective)

m Virtual Collaborative Design Environments
- immersive vs. hon-immersive
- conceptual & embodiment (preliminary design)
- solutions specific to industries

® Data Mining techniques for sequential data
- Fundamental and generic algorithms
- AprioriAll
- MINEPI (Minimal Episodes)
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Pl

a METHODOLOGY

-

m Establish the database structure (ECM database)

® Build a VCDE linked to ECM database assuring
synchronisation of parametric and graphical data

B Develop a smart methodology to automatically analyze and
retrieve change history stored in ECM database for
supporting prioritization and change propagation

® Propose effective means of presenting this information to
the users facilitating comprehension
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p Impact of an EC -> Priority -> time to process

Data Mining Mechanism

Prioritization
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this change
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ADVICE: Database Structure

E Reasons : Table

Reason_Code

B
Reason_Text

ProductFamily_As
Component_NMo
Component_Desc
Level
Qty_per_aAzzembl
Unit

Revision

Price

Cu:umpu:unent Mo
Attribute
Priority_Proposed

ECMo b

ProductFamily_a
Component_MNo
Attribute_Chanc
Mew_Value
Reason_Code
Reason_Comme
Time

>
*

01
0z
03
04
05
06
o7
03
09
10
11
12

|| | | | | | |

Coarrect drawing or engineering docurment error

Carrect a usability. reliability or safety problem
Fix a bug or product defect

Improve performance and/or functionality
Improve manufacturability

Lower cost

Incorporate new customer requirements
Specify a new supplier or suppglier part/material
Enhance installation. service. or maintenance
Respond to regulatory requirements
Maon-conformance to inspection standards
Other (Please specify)

Record: EE |712 E][E of 12

Reasnn:Text

N

— Material
F‘deuctFamlIv !
Component_No Dimensions
Attribute
Value N Shape
PositionX
PositionY We|ght
PositionZ
RotationX H
RotationY DenSIty
RotationZ C Ol or

Max energy

MName
Metwork_Login
Department

Min temperature

Max load etc.

ECMo
ChangeMext_Component
ChangeMext_Atiribute
Proposed_by

s releasedto. el 5.

ctive_Date ECMNo i

Departments b
S
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ADVICE: Virtual Interface

m Linked to the database structure (in-out)
m 360° perspective

m Zoom-in/out

m Use of colors and highlighting

Componentiame | ComponentShape | ComponentMaterial | Height | Depth | Width | Radius | PositionX | PositionY | PositionZ | RotationX | Rotation
__|top cube wood 0.2 2z 3 1.8 0 0 0 0
__|leg cylinder metal 1 008 0.08 0.05 145 0.5 0.95 0
__|leg2 cylinder metal 1 008 008 0.04 -1.45 0.5 0.945 0
__|leq3 cylinder metal 1 008 0.08 0.05 145 0.5 -0.95 0
_|legd cylinder metal 1 008 008 0.04 -1.45 0.5 -0.95 0
__|screwl cylinder metal 0.08 001 001 0.04 1.48 -0.05 0.95 0
| screw? cylinder metal 0.08 001 001 0.04 -1.48 -0.05 0.95 0
__|screw3 cylinder metal 0.08 001 001 0.04 1.48 -0.05 -0.95 0
__ | screwd cylinder metal 0.08 001 001 0.04 -1.48 -0.05 -0.95 0
__|panell cube metal 04 0.1 3 1 0 0.2 -0.95 0
| panel2 cube wood 0.8 2 0.1 1 -1.45 0.4 0 0
__|panel3 cube wood 0.8 2z 0.1 1 1.45 0.4 0 0
__|shelf1 cube wood 0.05 05 0.8 045 -1 0.4 07 0
__|shelf2 cube wood 0.05 05 0.8 045 -1 0.8 0.7 0
__|panel5 cube metal 0.85 01 0.85 1 -0.98 0.4 0.45 0
__|panel6 cube wood 0.85 0.5 0.1 1 -0.6 0.4 0.7 0 15
__ | screws cylinder metal 0.08 001 001 0.03 1.45 -0.05 -0.98 1
__|screwb cylinder metal 0.08 001 001 0.03 -1.45 -0.05 -0.98 1
__|screw? cylinder metal 0.06 0.01 001 0.03 -0.57 0.4 0.7 0
__|screwd cylinder metal 0.066 001 001 0.03 -0.57 -0.8 0.7 0
__|screwd cylinder metal 0.06 0.01 001 0.03 -0.98 0.4 0.42 1
rRecord: [1][ ][ 25 [(» (M ]Po#] of 43 < 96




ADVICE: A sample application

B Application is used for explaining ADVICE’s
characteristics and working principles

® BOM and CAD tables created for 4 different
office table assemblies and 43 components

m Attributes limited to explicit attributes
(Material, Shape, Height, Width, Depth, Radius)
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ADVICE: ECR Phase
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B ADVICE - Active Distributed Virtual Change Environment
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View Insert Format Records Tools Window
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Click the ECR Select ECB and press OK to release-to-approval

ECNo ProductFamily Comp_ Mo Component_Desc Level Rev Attnbute Changed MNew_Value Reason Test Reason_Comment Time Mame Pricrity
] 2 [0 Jn Jtop T [0 [matenal |plastic [Enhance installation, service, o | | 21/06/2008 [MechDesigner2 &
A 41 Jn top T [0 [heioht {01 |Correct drawing or enginesing | | 22/06/2008 [Plannerl &
r [ 3f [i3 [seren B [0 [height [0:05 [Conect drawing of engineering | [ 2170672006 [inspecterd [B
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Production Prod Engineer A
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Production Planning Planner3
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a ADVICE: Prioritization Agent

® Impact: Total amount of work that needs to be re-done
m Use EC data history already stored through life-time

m Find patterns that are frequent among all models

® How: AprioriAll algorithm, 5 step approach to find patterns
® Input : Data sequences <M, (C;...C;) t,>

® Output: Patterns

= Convert patterns to priorities by following formulation

f.(C,)= Zp: [NTT(CU- , P) *supp( p)J IF  f.(C)>Th, THEN "A"
/ \ \ IF Th<f(C)<Th THEN "B’

Priority # of unique events  Support of |F f (C)<Th, THEN "C"
Index of C;  triggered by Cjin pattern ’

pattern p
«
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APRIORIALL ALGORITHM
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MM ADVICE - Active Distributed Virtual Change Environment M=E

Quick instructions:
> Select the component you want to add to action plan with the mouse on secon
Press *1' for MATERIAL ;
Press *2' for SHAPE ;
Press *3' for DIMENSION
[h> Select the component you want to approve Adisapprove on first assemhly.

Pressz ‘4’ for APPROUAL
Press 'S5’ for DISAPPROVAL

RotxX Roty IECT T
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ADVICE: Change Propagation Agent

m Use EC data history already stored through life-time
® Find frequent patterns within each model

® Non-consecutive changes

m Parallel (concurrent) changes possible

m Episode-based approach

= How: MINEPI algorithm

m Probabilities of each 2-size pattern is converted to color codes
(Red Yellow Green)

(Ci2Cy)  (Cy)  (CpuChi) (G (Cyp)  (Cyy Cpa)
T R T T T S RO Y (R N N
| | | | | | |

D )
t t.’

T tL e tL’ iy T
° > Episode 1 2 > Episode 2 =S
t.-t, < win t,"-t.” < win
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FOR each episode o, with size k
Find mo(o,) = {[t t] | t-t.<win} —

mo(a)

A 4

supp(oy) =

min.supp ? N —» Eliminate

Y
v

Generate Candidate o, ,'s from
combinations of o,

->t -t,swin wheret, <t/
->t -t <win wheret <t

5
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ADVICE: Approval Phase

GQuick instructions:

a» Select the component you want to add to action plan with the mouse on secon
assemhly.

Press '1’ for MATERIAL ;
Press '2' for SHAPE ;
Press '3’ for DIMENSION

h) Select the component you want to approve Adisapprove on first assembly.
Press '4' for APPROVAL
Press '5' for DISAPPROUAL

15 selected

3

15 deselected
16 selected
3

16 dezelected
Original assemhly selected

Approved

RotX Roty IEECT TN
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ADVICE: ECN Phase

BS ECN

EC Mo 4
Effective D ate 24/08/2006
[+ Accounting [ Purchasing
[ Electranic Design W R&D
¥ Mechanical Design W Quality Control
W Production [~ Salez Marketing
[ Production Planning [ Service and Installation
Action Plan
Comp. Attribute Fezponzible - Limited tO
[15 3 |planner_1 — sy
|1E‘- |3 ||:|Ianner_'| Changes tO be
| | | .
triggered
v
Record: [E] i [I][E of 2 < »
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® Synthetic Data
® 4 models 43 components
B Prioritization: 5 experiments With 100 transactions
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EXPERIMENT 1 EXPERIMENT 2 EXPERIMENT 3 EXPERIMENT 4 EXPERIMENT 5

A threshold  2.17188 A th E}:. P E HI M E N T 1 hold 2.958333 A threshold  2.357143

B threshold  1.08594 B th hold 1.479167 B threshold 1178571
Component Priority | Priority |Con nent | Priority | Priority |Component| Priority | Priority

Attribute | Index |[assigned|] - A ute | Index |assigned | - Attribute | Index [assigned
031 5 A |0t 75 A |09 75 A
032 6 A el threshold 2.17188 65 A |oo3 5 A
062 4 A o2z 65 A |os3 3 A
161 35 051 6 A |13z 45 A
112 3 032 45 A o2z 25 A
033 3 % Y E thrEEhﬂld 1[]559‘1 33 A 24 23 A
052 3 A e — 35 A |23 25 A
1 i & [w|Component< Priority | Priority 35 A |3 25 A
243 3 A oz . . 35 A |13 2 E
113 2 A el Aftribute Index |assigned ER N I 2 ]
- X u} a 3
T TR -y 5 A T 2

bal 3 ]

202 . B o033 25 B |023 15 E
082 2 B 103 DEE E ’E" 2:' B |101 1; E
021 15 B [osz 15 B |01 1 C
023 15 B 121 DEE —1 J":" 15 B |os2 1 c
042 15 B 033 - 15 B |42 1 C
201 15 B |31 1'31 3 o _I'I:" 1 c |01 05 C
121 15 B |82 1 c |03 05 c
122 15 E 1 1 E 3 ,|":'- 1 c oz 05 C
123 15 B o - . L c
053 15 B 03T U5 T 72 05 C
071 1 C 033 05 c  Joz2 05 c
072 1 C
043 1 C

163 1 C
041 1 C

162 1 C
223 1 C

131 05 C
012 05 C
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Model 3 Minimum ccourrence threshold =2 Time Window=4

EXPERIMEMT 1

EXPERIMENT 2

EXPERIMEMNT 3

EXPERIMEMNT 4

31 transactions;
133 changes

77 transactions;
1320 changes

36 transactions;
140 changes

TG transactions;
118 changes

Fatterns Frokahility

Fatterns

Fatterns Frobahility
021 == 062 1.00
041 == 243 1.00
162 == 191 067
181 == 011 067
183 == 011 050
182 == 431 050
202 == 4 1.00
202 >> 402 100 <
221 181 1.00
221 == 183 100
231 == 041 040
231 = 131 040
231 == 2M 040
231 »> 343 040
231 == 402 040
232 =x 041 040
232 == 343 040
233> 1893 040
233 => 2M 040
233 rr 402 040
243 => 162 1.00
361 =» 231 1.00
361 == 233 1.00
I == 231 67
WL = 232 067
363 == 233 067
363 =>> 402 57
372 == 183 1.00
411 == 051 1.00
431> 232 050
431 >=> 233 050

Fatterns

Frobakbility

Frobability

L |
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0.50
0.50
1.00
1.00
1.00
1.00

0.40

b
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040
040
0.40

e

231 == 191
231 == 221
412 => 241 033
412 > 243 0.33
412 == 353 0.33
413> (41 0.67

B I B I N == Ry e [y e (R e e [ e Y e AL J = e R e [ e [ e |

B IR e )

Fatterns Frobahility
011 == 382 0.40
M3 == 2M 0.50
013 == 202 0.50
041 == 01 0.57
041 == 341 067
152 == 421 1.00

53 == 4M 1.00
172 == 202 067
172 == 233 067
173 == 202 1.00
181 == 152 1.00
181 == 1583 1.00
181 == 4 1.00
183 == 1582 0.50
183 == 153 0.75
182 == 421 0.75
202 == 182 0.50
203 == 161 1.00
203 == 162 1.00
233 == 041 0.67
352 == 041 1.00
362 »» 203 0.40
362 == 212 0.40
362 »» 213 0.40
382 == 382 0.67
383 == 362 0.67
303 == (13 1.00
221 =» 282 0.67

24/08/2006

A




The experiments demonstrated the capability of

Proposed Agents to facilitate two important
processes :

1. prioritization
2. change propagation

" depend on history (objective)

" no time required for preparing dependency data

" no need for update for new assemblies and components

" parameters for mining data can be changed when running
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a CONTRIBUTIONS

Novel approach to ECM by incorporating VCDE
and Sequential Data mining to improve the process

By proposing ADVICE, we offer:

B A compact solution combining parametric and graphical data
into a Virtual object in ADVICE

® A shared environment connecting dispersed users
® Real-time manipulation of the shared model

m Effective means of presenting change data

m “Advice” on important decision parameters

® A superior approach to solutions in literature reducing cycle
time and complexity

. Vildan KOCAR 24/08/2006
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® Inclusion of an industrial partner

m Integration of interactions with processes,
machinery, fixtures, equipment, etc.

= ODBC-compliant data container

® Incorporation of ECs such as Adding / removing
components

B Inclusion of other factors for prioritization of ECRs

B Automatically calculating cost of making a change
based on triggered changes to provide smart support
to users

Vildan KOCAR 24/08/2006




Modeling Engineering Change Management Process

In Virtual Collaborative Design Environments

Thanks for listening...
Questions?




