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Outline of Presentation

* An overview of “IT Carrozzeria”
(Advanced Rapid Prototyping of
Information Appliances) Project

» Content-based 3D Mesh Model
Retrieval from Hand-written Sketch

+ Digital Hand and Virtual Ergonomic
Assessment Simulator for Styling
Design

Market Competitiveness in Consumer Electronics

+ Discriminating Hardware Functions
» User-Friendly Software

« Attractive Housing Exteriors
« Short Time to Market

IT-Carrozzeria Project -an Overview-

Government-funded Collaborative Research Project

Mission:
to realize Technological Fusion of Electronic Design, Style
Design and Usability Assessment for Rapid Prototyping of
Information Appliances.

Sponsor: MEXT (Japanese Ministry of Education, Science and
Technology )

Budget: approx. 4 million USD/ year
Term: Sept. 2002 ---- Mar. 2007 (5years)

Main Team members:

Hokkaido Univ., Future Univ. Hakodate, Univ. of Tokyo, Sapporo School
of the Arts, Hokkaido Industrial Research Institute, Venture Companies in3
“Sapporo Valley”, Consumer Electrics (Fujitsu, Hitachi)
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3rd Mockups

2nd Mockups (made after the workshop) (Final Mockups for preparing Commercialization)
(will be released at Oct. 06)
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« Background & Purpose
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Background

* “Flooding” of 3D models
— CG, CAD, CAM, CAE, 3D-Scanning, Web3D, etc..

* Need for computer-aided retrieval functions
to efficiently manage DBs of 3D models
— Have to provide a user with natural, simple, intuitive
and friendly I/F for model retrieval
+ “Content-based” retrieval
— Enables a user to directly input the content data as a
query
— Enables to find a set of similar data from the DB.
— Popular to 2D digital image retrieval

— Retrieval of 3D models is still in the fundamental
research level.

Query
Mode 1

3D Model DB

]
Y

Similar
Models
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Related Works on Content-based 3D Model Retrieval

» 3D Model Retrieval from 3D Model Query

— Many researches \
Feature-based: [Osada 02], [Funkhouser 02], etc. i !{J%_ 7

Graph-based: [EI-Mehalawi 03], [Hilaga 01], etc. ]; T ——p—
— But...., a user must have a “3D model” for query / :

Impractical when a user does not have the query model yet I % T

» 3D Model Retrieval from 2D Sketch Query

— Enables more simple & intuitive query to users e 30 Mol e s
— Very few research - “M' - }E
— [Funkhouser 03] & [Chen 03] N @f L
— Only a “contour image” is used as query and search ‘ ‘@
Lo N = / % = {V %
/. Typical Contour = 3D
Hand-written Image “* /Model

Sketch
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Purpose & Applications

Purpose : To develop a new algorithm of content-based 3D
mesh model retrieval system from a hand-written 2D sketch

query

Potential Applications in industrial design field

Industrial ~ New Design Hand-written
Specifications

Designer Sketch Retrieved 3D
Mesh Models
Drawing — .
2D Sketch *Supporting to create

__, *Checking violating

Content-based 3D Mesh Model Retrieval from Hand-written Sketch VC2006

New Styling Concepts

Content- Design Rights
based
3D Model «Efficient Retrieval from
Retrieval )
3D Parts Library

No.l16

» Overview of Approaches
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Approaches

Sket’ch’
Yoy

* A 3D model retrieval was reduced to
a 2D image retrieval
— Image-based dissimilarity evaluation
between a image of input hand-written

sketch and automatically rendered
images of 3D mesh models.

« 2D transformation invariant image
descriptors are used for the retrieval
regardless of defined coord. systems

— Generic Fourier Descriptors (GFDs)
for silhouette images

— Local Binary Patterns (LBPs)
for feature edge images

EREE)

~ .

EZ‘FE:"% | "8
XLoer -
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Outline of the Sketch—based 3D Mesh Model Retrieval System

Model Query Process

View F:oints Query Sketch
oz
Draw = ;LBP
Sketch o4 2 Calculate
LBP a3
Closing
etlet Operation  Specify
- Paint |External Part
User tool
Create GFD
Sihouette Calculate Dissimilarit
y
Image a4 ﬁ_' GFD Calculate ;
A Dissimilarity
Model Registration Process [ : . Of GFDs 6 E—
View Points b Calculate
4 D8 Dissimilarity
~Mesh ModeT™ Create OfLBPS a7 l
DB Silhouette 1, Calculate v
i‘ Image A9 GFD_p4g Get Similar
e A X Mesh Models,
‘\ “ 3 u Mesh 28
P . ¢View Points LBP Models
= mage
/\>/ Create Caloulat \ Final Retrieved set off
v Feature Edge ELCBUPE e I[g§1 Similar Mesh Models
2 Image 14 A12 -

—
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» Generation of Images for Retrieval
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Viewpoint settings for feature edge images and silhouette image

13 Orthographic Projections
Mesh Model

14

12

Isometric Projections

RSP

*Users tend to draw a sketch from
a limited number of typical
viewpoints as orthographic and
isometric projections.

* 14 typical viewpoints are used.
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Rendering a silhouette image, a contour edge image and a feature edge image

(a) Silhouette Image

Filling
Back-Face Used
Triangles for
with Black search

Mesh Model -
I Background (b) Contour Edge Image

Filling
Shrunk Visible
Triangles
with White

Background (c) Feature Edge Image

Rendering
Ridge & Crease
f Edges
\ Crease with Black

Used
for
search
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Rendering silhouette, contour edge and feature edge images
for a hand-written sketch

An Input
Hand-written w2/
Sketch ey A(‘)Cé?;g? A Closing
P Operator
i Black Pixel-Filling
_B_Iack Pixel- l Black Pixel- F|II|n Operator
Filling Operator Operator

Relevant
Silhouette
Image
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Generic Fourier Descriptor (GFD) (1)

Eq.(1) Trimmed Raster Sampled
Olriginal { Image I E i(Z) Polarimage /,  Ea.(4)  PFy(¢,p) RF, AF
ML mage Polar Rast : Eq.(5)
Trimming olar Raster .
Transform 2D DFT GFDl GFD
N Calculation|
0
R |PFy (¢, )
4
» Descriptors for Retrieval and Dissimilarity ] ;7 Rl ve— ;
AF T 4

Evaluation I={f(x,y)|0<x<M,0<y<N}
L ={f(n0)|0<r<R 0<0<27} whee R=|/(M/2)7+(N/2) ]

DFT for Polar Image 7,
R=1T-1

. r
PE(p.§)= 3. 3. /(r,0) <expl- 27 p+09)] @
erlerel 0SF<R\ 0, =i2x/T)(0<i<T), OS,D<R\ 0<g<T
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Generic Fourier Descriptor (GFD) (2) Local Binary Patterns (LBP)

* An image descriptor for (binary) silhouette image

* Scaling, Translational and Rotational Invariant

d ’ PF2(i, )
R
R
) ) ;) —ﬁv -------- ®)
o T gn) (a) Feature edge image (b) The number of (c) Normalized (d) Binarized number
= S_J J O 0 T/2 T after edge thinning black pixels in number of black of black pixels in
Trimmed % = Raster sampled ® _— @ . Sub-region of direction x €ach sub-region pixels in each each sub-region
Silhouette oy § Polar Image / ﬁ (ci) sub-region ( S;, ) (fy) for th=0.15
Image 1 32 2 = 0 —— Power — 255
- 100 (e) The percentage of total vote for a class
Generic Fourier Descriptor (11100000), among 0-255 for all edge pixels
=(224),0
Grp = ) [PP2Q0) [PF2 01 |PFo(,m)]  |PFy(m0)  |PFy(m,m) 5) S
area |PF5(0,0)" " |PF5(0,0) " |PF5(0,0) " |PF5(0,0) )
(3] —
={ GFD(0,0), GFD(0,)),..., GFD(0,n),..., GFD(m,0),...GFD(m,n) } (5) = g = LBP =[LBPo, LBPy, .oovvv.. » LBPss]
W
where area =RT, m=R/2, n=1T/2 —I [ H ) where LBP,€  [0,100]
N —— 223 224 255
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Rotational & Reflective Invariance for LBP
* LBP itself is translational & scaling invariant,
and is NOT rotational and reflective invariant

* Rotational and Reflective invariance for LBP can be realized
by simple Bitwise operations for an original LBP

| [
100 .L.BP of Rotating 100 LBP of
- Original Edge 5 1mage _ Rotated Edge
> Image ccw 2 Image
8 45deg 2
Original £ Rotated g
Edge Image Edge Image
68 255 — 17 255
0]60) i) OO
= Vo & 060606000
4 06628000 (D@ _
: > (01000100),=68 6/0 (00100010),=34
1 4
I |

1bit Shift-Left Operation

45deg CCW Rotation of Image = 1-bit Shift-left Operation of the LBP
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« Examples and Performances
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Dissimilarity Evaluation by combining GFD with LBP

@ A Dissimilarity between GFDs (D,,,)

2
Dp (GFD o, GFD ) = \/ > z {GFDQ(k 1) - GFDy (k, 1)} ’I

GFD,(k, 1): a GFD component of a silhouette image of a query sketch
GFD,, (k !): a GFD component of a silhouette image x in the DB

@ A Dissimilarity between LBPs (D, ;)

255 { 0 i }2
Dy pp(LBPy, LBP;,) = {1mzm ) = Uo7l
prel,2,...,

0
B s 7’ (@, j)-th component of LBP of a query sketch
1k : j-th component of LBP of a feature edge image in the DB (rotations) on LBP
€ 2-tier Searching Strategy
1. Pre-filtering by GFD : Generating a Candidate retrieval set using GFDs
2. Re-arrangement by LBP : Finding a Final retrieval set by rearranging the

places of the models in the Candidate set using LBPs
Content-based 3D Mesh Model Retrieval from Hand-written Sketch VC2006

p : # of bitwise operations
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An experiment set of 168 3D models
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Retrieval performance measures

A set of all models A set of mo?els cljssified
in the DB into a specific product
B category; %
X Q\Ln
\\\ A Set Of a" *Human l = x
- relevant «Airplanes ' '
' *Mobile Phones ™.
«Cars ~ o &
@ Recall AAR
a measure how much the retrieved set gy Recall = | N |
contains models in a relevant set |A|
@ Precision |A N R|

ameasure how much the retrieved set mmp Precision =
does not contain irrelevant models |R|
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Hand-written sketches for query and retrieval conditions

Hand-written Query sketches Retrieval Conditions
£ (b) * # of models in the retrieval set
= 35 models
[:[ A relevant model set
gg g = A set of Mobile phones
oo 0 (25 models)
A rough sketch A scribble sketch written N l N
written by a student l . T )
by an industrial (without industrial & l <’ . & '
designer design skills ) e —— ;

o« ' ' ' < 25 mobile
X i phone
' & ' ' < models
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A retrieval result for a rough sketch only using pre-filtering by GFD

- = ;
Query | .= . e ! !
sketch | & g

0.07718 | 0.07928 008424 0.08598
= ] - &
Sk 5| Be, i g i i
e m |\ E
0.08632 | 0.08663 | 0.08751 |0.09034 | 0.09081 (0.09199 | 0.09218 |0.09222 | 0.09484 |0.09617 |0.09675 | 0.09825
[ i Al S ! T e
¥ ” *Transformation invariant search were realized.
ol @

. «8 similar mobile phones with antennas were retrieved in the
01031 01033 | 010 top 8th models.

0 0.05551 |0.05809 | 0.05874 | 0.06027 | 0.06893

PN

L]

=

* Other phones were also retrieved within 35t place.

* The similar models in the top 8t still had dissimilar feature
edge shapes ( without push button surface )

A retrieval result for a scribble using pre-filtering only by GFD

f=s =
ﬁ A U
Query | - '
sketch [&

0.08146 | 0.0893

= [} | ]

« 7 similar mobile phones with antennas were retrieved in
the top 8th models.

/

01221 | 01233 o125 * Other phones were also retrieved within 35th place.

+ Similar satisfactory results to the former one were

A model ina obtained.

relevant set
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A retrieval result for a rough sketch

using pre-filtering by GFD and re-arrangement by LBP

10.78 1357
i e R
| & = 2
A model
ina
relevant >
set
1644 1974

A model
notina

: _ * The phones with similar silhouettes and similar feature edges
i+ (button surfaces) appeared in higher places than the case only

rele;ant “o07 | 21 using GFD.

set but ==

resemble + Some models in different categories but resembling to the sketch
S

(keyboard, digital recorders, audio set, etc. ) also appeared.

*The proposed 2-tier search strategy worked well 36

A retrieval result for a scribble

using pre-filtering by GFD and re-arrangement by LBP
Query y l‘
sketch ]

A model ina
relevant set

* The phones with sim

g oA e Al _al
ilar silhouettes and similar feature
177 edges (button surfaces) still appeared in higher places

than the case only using GFD.

Py

~

A

» The proposed 2-tier search strategy worked well
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Plots of Precision-Recall for two retrieval results

Retrieval from
a rough sketch written
by an industrial designer

Retrieval from
a scribble sketch written
by a student

Q\
N os g 233 T
0_7 — o O
= A B <
\ c 0.6 \ \.\
o ‘-———\' 3 05 \ S
a g_: ~GFD g 0.4 —
- 0.3
02 b CFDHEP 0ol— —GFD
0.1 04 L " GFD+LBP
0 0 ‘ , ‘
0 0.2 0.4 0.6 0.8 0 0.2 0.4 06 08
Recall Recall

« 2-tier search strategy using pre-filtering by GFD and re-

A retrieval result for another rough sketch using pre-filtering by GFD

arrangement by LBP could improve the retrieval performance

. A
| 4 4
& % - s S
N L S LS
0 0056884 (006144 | 006171 | 0065686 |0.07036 |0.07178 |0.07374 007914 | 0.0793 | 0.08016
T o=y a n =
[l ey | = ‘“i ¥ o i
CERUNE-BEaN " N =N
| . i = LT | i) | y
L || E |8 | | W “ e |
- - > 1
Vd o s 4 - |
(o S| & A 1 ] i
. lﬂ/\‘ vl \ T N |
_ i ,
0.08148 | 0.0834 |0.08604 | 0.08683 | 0.08708 | 0.08784 | 0.08902 | 0.08956 | 0.09428 | 0.09722 [ 0.09961 | 0.1007
( AN e &) =
W 4 8 Ny AT ) 1 od
v’ KAy .
e PR : \ A
& N N \v ki k &
01027 0.1032 0.10558 0.1083 01086 0.1086 0.1096 01116 01141 01148 | 01111 01178

especially in the case of using a simple sketch as a query.
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A model ina
relevant set
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A result of retrieval for a unconventional mobile phone sketch

A mobile phone [ - \ — — — car e
havingan | [ © T | Q = |||
unconventional \: k4l -§ =) | ) (e =T ®
housing shape < Query == — ;' L“' ‘ '
; k r |
sketch = l o | ;' \‘ > |
[ < &~ | !
* The models with similar < ),I 1,555 :
to the query were not =) { gj
retrieved. =

- Dissimilarity values : R ‘ \ o
increased a few hundreds - ~~ | -
as |a|‘ge as the ones in 2932 2978 2997 3118 3169 32.08 3217 3228 32.88
.o T )
the case that the similar [ ()
e
shapes were found. @@u&d@ /L Sm—— U

[ ] Sper i 12l
X | <5 s
The mobile phone of the s i ‘ . B .

query has a Strlklngly 33.38 34.3 34.59 34.91 35.34 35.41 36.01 I

original exterior.
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Conclusions

(1) A new algorithm of content-based 3D mesh model retrieval
system from a hand-written 2D sketch query was proposed.

- Generic Fourier Descriptor and Local Binary Patterns
enabled a model retrieval function invariant to rotational,
translational and reflective transformations for a sketch
and mesh models.

(2) Retrieval performances were evaluated as the Precision-
Recall

- An effectiveness of the Pre-filtering by GFD and re-
arrangement by LBP were indicated by the examples of
industrial design.
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Digital Hand and Virtual
Ergonomic Assessment
Simulator for

Styling Design

Satoshi KANAI Natsuki MIYATA
Yui ENDO Makiko KOUCHI
Masaaki MOCHIMARU

Hokkaido University,
JAPAN
Digital Human Research Center,

AIST, JAPAN

Introduction

Information
Appliances

Ergonomic Assessment for
Handheld Information
Appliances

— Ease of grasping the housing

— Ease of operating the user-interfaces \
— Ease of using the embedded software Interfaces

User-

Yui ENDO Hokkaido Univ. JAPAN No.43
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Process of Ergonomic Assessment

Current Ergonomic Assessment 0 e

— Uses physical mockups and real human subjects ) Human Hand
— Costs a lot of time and money

— Not done in some cases of development of
handheld information appliances

Virtual Ergonomic Assessment

— Uses digital mockups and digital hand models Digital Mockup &

Digital Hand
— Easily generates the digital hand models

with various dimensions
— Saves the cost

Yui ENDO Hokkaido Univ. JAPAN No.44

Related Works (2)

Grasplt! - [Miller 05]

— A grasp planning system for robotic hands

Virtual Reality - [Wan04] etc.

— Enables to grasp a virtual object with ' ’
a digital hand controlled by a data glove -

Disadvantages of related works

— Digital hand geometries with low-fidelity

— Improper grasp posture generation for the information
appliances

— Insufficient grasp assessment functions experimentally
verified.

Yui ENDO Hokkaido Univ. JAPAN No.46

Related Works (1)

Digital Human Modeling
— SANTOS (Univ. lowa)

— INRETS Model

— HUMOSIM (Univ. Michigan)

Computer Graphics
— Univ. Toronto

— MPI Informatik

— Hitachi

Commercial Add-ons for 3D-CAD

— Virtual Hand ( USA, Immersion)  ( for CATIA)
— Handy-Works (NZ, ZeeTec)  (for SolidWorks)

Research Purpose

Yui ENDO Hokkaido Univ. JAPAN No.45

To develop a software for ergonomics design,
which enables ergonomic assessment for a
handheld information appliance without “real”
subjects and physical mockups by integrating
a digital hand with a digital mockup of the

product
— Virtual grasp assessment

Yui ENDO Hokkaido Univ. JAPAN No.47
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Features

- Hand geometries with high fidelity

- Appropriate grasp posture generation of
information appliances

- Virtual grasp assessment function whose
ability is experimentally verified
» Grasp Stability — Force closure & Grasp Quality
» Ease of Grasping — EOG map

Yui ENDO Hokkaido Univ. JAPAN No.48

Digital Hand Model

Dhaiba-Hand by [Kouchi 05]

i Middle £,
Personal or average sizeof | o = &

@ 3 DOF Joint

1) Link structure model @ 1 DOF Joint
2) Static surface skin model

Index f, Ring £,

Link
Structure EoYearm Skin

Yui ENDO Hokkaido Univ. JAPAN No.50

Overview of our system

Digitol Hand Model srodi ode lopInformation Appliance
Generation of the

Dimensional Variation
of Digital Hand Model

¥ ¥
‘W Generation of Grasp Posture

Evaluation of Grasp Posture

Scopeof Ihis Paper o
Posture

Grasp Stability Finger
Ease of Grasping Operation Motion
Path

Ergonomics Assessment
Yui ENDO Hokkaido Univ. JAPAN No.49

Digital Hand Model

Dhaiba-Hand by [Kouchi 05]

Personal or average size of
1) Link structure model
2) Static surface skin model

=+

Our developed model

3) Surface skin deformation
algorithm

4) Finger closing motion
sequencer (FCMS)

Yui ENDO Hokkaido Univ. JAPAN  No.51
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Digital Hand Model

Dhaiba-Hand by [Kouchi 05]

Personal or average size of
1) Link structure model
2) Static surface skin model

=+

Our developed model
3) Surface skin deformation
algorithm
4) Finger closing motion
sequencer (FCMS)

Yui ENDO Hokkaido Univ. JAPAN No.52

Generation of
the Grasp Posture

Selecting contact point candidate:
8 Generating rough grasp posture
y / Hand transformation and
Finger Closing Motion

4
- ¢
" agu®
Maximizing the num. of Correcting finger
contact points posture

| Perturbing joint rot. angle Inputting goal point
I Inverse Kinematics

Yui ENDO Hokkaido Univ. JAPAN No.54

Dimensional Variation of Digital Hand

Dhaiba-Hand [Kouchi03]

— A specified subject’s hand
* Generated by inputting 82
measurements and deforming generic
hand model
— Average dimension and 8 boundary
family of Japanese adults
» Factor analysis of hand dimensions
— 103 subjects (Japanese adults)
— 82 measurements

* Includes 95% of distribution in
boundary family circle

Boundary

Short:

Yui ENDO Hokkaido Univ. JAPAN No.53

Step 1: Generating the
Rough Grasp Posture

Selecting contact point Active

3 q Finger_ f,
pair candidates ) ‘
— Classifying fingers into two types: /s § : | oo

Contact points

* Active flnger ‘WA selected by a user
» Passive finger

— Selecting contact point
candidates
* One vertex on the palm and its
relative vertex of the product

* One vertex on the Active finger
and its relative vertex of the
product

J2
_~ Passive
! Finger

Product Model

Yui ENDO Hokkaido Univ. JAPAN
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Step 1: Generating "
the Rough Grasp Postur\

Translating the digital hand model so
astofO ®

Calculating the configuration of the 2 h

active finger using FCMS so as to
minimize the dist. betweenO ande

Rotating the hand model & deciding
the configuration of the palm so as
to maximize the num of contact
points

Yui ENDO Hokkaido Univ. JAPAN No.56

Step 3: Maximizing the Number of
the Contact Points

— Perturbing 20 joint rot. angles of the fingers
» 0.06[deg]/rot., 16times
— Finding the grasp posture which has the (locally)
maximum number of the contact points

— Outputting it as the final grasp posture Contact
Points

Maximize
#contact points

Final Grasp Postare

Yui ENDO Hokkaido Univ. JAPAN No.58

Step 2: Correcting
Finger Posture (Optional)

Correcting the finger posture

— If the rough grasp posture is quite different from
the desired one

— By using inverse kinematics

Inverse Kinematics

— Calculate rotation angles of the each finger
joint by inputting a goal position for the fingertip

— CCD (Cyclic-Coordinate Descent) method
[Welman 93]

Yui ENDO Hokkaido Univ. JAPAN No.57

Generation of the Grasp Posture

S.Kanai Virtual Concept 2006 Invited session No.59
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Grasp Stability Evaluation

Force-Closure

— Indicates whether the digital hand can grasp the
product model stably at the contact points set

Grasp Quality

— Defined only when the force-closure condition is
satisfied

— Expresses how stably the hand can hold the
product at the posture
* Larger Grasp Quality means stabler grasp

Yui ENDO Hokkaido Univ. JAPAN No.60

Grasp Stability Evaluation

Force-Closure

— the state to resist any external wrench by
applying positive forces at the contacts

N

L
0e Interior[ConveXHull{U U w,(¢)

o (4) %
Grasp Quality

— the reciprocal of the sum of magnitudes of
contact normal forces required to achieve the Wrench space
worst case wrench

Grasp quality &
}J Convex hull of W, I:C')

E= min(dist(O,h)) (e €[0,1]) (5 \
ol halfspace %
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Grasp Stability Evaluation

Wrench w(c) ER®

— A vector of contact force and torque at _ Edge ]
a contact point ¢ i Edge vector d (c)

Mesh surface of

W(C) = |:fc < l()(c):| (1) ‘v‘“' product model

f,: contact force vector at ¢

p(c): position vector of ¢

— Expressed as a linear combination
of w(c)

w(c) = Z; a,(c)w,(c) ) L :#edgesof tjriction pyramid .
d,(¢): [ —th unit edge vector of the pyramid at ¢
d,(c) a,(c): aset of nonnegative coefficient
w,(c) = (€))
p(c)xd,(c)

w : friction coefficient

Yui ENDO Hokkaido Univ. JAPAN  No.61

Results of Grasp Posture and
Grasp Stability for Cylinders

Grasp Quality
09

08

0.7

®160
: not satisfy Force-closure

N\

80 100 120 140 160 180

Diameter of cylinders [mm]

Yui ENDO Hokkaido Univ. JAPAN No.63
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Results for
Handheld Information Appliances

Cell-phone 3

_ #Faces : 2546 )\ .
— Processing time : 30 sec AR
— Force-Closure : Satisfied
— Grasp Quality : 0.35
=5 %

Mobile MD Player
— #Faces : 2170 \
— Processing time : 33 sec

e | o S |

The system flexibly generates appropriate grasp

postures even in case where the dimensions of
the product model differs

Yui ENDO Hokkaido Univ. JAPAN No.64

Experimental Verification
for the grasp stability

Correlation between

i ( D40§ (999§ 4a0)
(I6G)

| hard to gras 100) i
grasp (D75)§% ($100) easy to grasp

firmly

(J100)8
H H m Square prism
(¢165) Il ; \: Il

0 0.2 0.4 0.6 0.8 1
Grasp Quality

2: able to grasp
1: a bit hard to grasp

3: very easy to grasp firmly
0: Unable to grasp
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Experimental Verification
for the grasp posture

Contact Pts

Digital Hand

Contact areas of the digital hand could
approximate those of the real subject’s hand at
grasping state

Yui ENDO Hokkaido Univ. JAPAN No.65

Grasp Quality and Ease of Grasping

Ease of Grasping

Grasp Posture

P
=
E

©

i
5]

Q

v

©

|

&

Yui ENDO Hokkaido Univ. JAPAN No.67
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Overview of EOG Evaluation Overview of EOG Evaluation

Preprocess Evaluation Process

(@)

: z %V Real Subiects Grasp Postures of each Subject :
for each Object L . Generate ;

Subjective Evaluation of )
: : “Ease of Grasping” User-Interaction :

n Measure :
—8 Real Grasp . i l
]
1 Posture (> . Digital Hand “Generate Ease of Graspin
R m o ’ — . Evaluate sping
Principal - e . ™ , - Virtual Grasp Ease of Gra
Component Ry el Product | Posture |
Analysis = =" . Model
i Force-Closure
Generate Grasp Posture GraSp QUaIIty
EOG-Map : for the Product
' d el Grasp Stability

- ' Product
EOG-Map Model
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Grasp Posture Measurement for Real

Principal Component Analysis for
Subjects A . Finger Joint Angles
Experiment o B e

— 8 subjects

— 58 daily products and
12 cylinders and square prisms

— “CyberGlove” with 19 sensors

Background
— Hand fingers have more than 25 DOF Midgte /.

@ 6 DOF Joint Index f
@ 3DOF Joint 1UEX />

— To calculate an index value from the ® 1 DOF Joint
7 ‘ combination of finger angle values is
Recorded Data for | T o difficult

Each Objects

— a time sequence of finger joint angles
from the opened state to the grasping
state

— two-level subjective evaluation for the
grasp postures
» Easy to Grasp / Not Easy to Grasp

Yui ENDO Hokkaido Univ. JAPAN No.70

— Finger joint angles are strongly
interrelated with each other at holding
state [Santello1998]

— This interrelation of the finger joint
angles can be applied to decrease the
DOF of the hand fingers

Link 7 ! " Surface
Structure

Yui ENDO Hokkaido Univ. JAPAN  No.71
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Interrelation of finger joint angles

e ol et S e
' e
e 5
T1p o
I 3
.-
Iprp x
High interrelation between MP, N ®
PIP & DIP joint angle of W 2
middle, ring & pinky finger  icient - J©
appeared , 1
P 3D
-
Pere <
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EOG Map Generation

Measuring finger joint angles of real grasp
postures and postures in grasping sequences

Calculating PC scores for each posture

Plotting the first M PC scores for each
posture in a M-dimensional space (M=3)

Partitioning this space into the equally
spaced-dimensional voxel

Attaching one of 3-step EOG value to each voxek
 EASY TO GRASP — includes grasp postures whose
subjective evaluations are “easy to grasp”

* ABLE TO GRASP — includes hand postures during the
grasping sequence but does not include final grasp postures

* UNABLE TO GRASP — does not include any hand postures

Yui ENDO Hokkaido Univ. JAPAN No.74

Principal Component Analysis for
Finger Joint Angles

Principal Component Analysis (PCA)

— Can find variables with the decreased number of DOF as PC
scores for the finger joint angles

X

nl

X0 ~/

z
- coo 000 w g M
'anS (28)M

Grasp Posture PCA Scores

x,, : Rotation angle of joint p at grasp posture n z,, : The nth PC score for grasp posture 7
W =[w;]=[e, --- ¢,]:Coefficient matrix

¢, : Eigenvector of variance- covariance matrix
Yui ENDO Hokkaido Univ. JAPAN  No.73

Result of EOG Map Generation

2nd Principal Srd.RCs
Comppnent Score
..’. l‘
b - RS
[ %
S
‘ff,_-i"
"ﬁ_}’ : €,> .o (p45
i = i 3 i;‘v\ (Cylinder)
[ ,; | 960 \\‘;e:_x
E 1st Principal et
L f‘. Component
- Score
(100
—— : o l:l Easyto Grasp @ ' . 045
(P165 I:I Ableto Grasp :
l:l Cannot Grasp -

® Grasp posturewith subjectiveevaluation®Easyto Grasp”
® Grasp posturewith subjectiveevaluation“Not easyto Grasgp”

r?lj-x-;:.:_- Hand posturesin grasping sequence

Yui ENDO Hokkaido Univ. JAPAN No.75
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Ease of Grasping Evaluation Verification of EOG Evaluation

— Generating a grasp posture of digital Finger joint angles of

hand digital hand 2nd Prindpal 3rd PCs
Component Score
— Calculate PC scores for the posture .
— Plotting the point to EOG map and ; \;}) 9 o

Initial Posture of
Digital Hand
=]

. . . . . & () <

finding a voxel where this point exits w’m \k“*)@, . %ﬂ?m}ér)

— Outputting EOG value of the volxel 2nd Pringpal \Mln % 9 o
Digital anuéeof ©100

s So Initi
mponent Sco L 1st Principal 1stPCs
Component R (O]

s (}_/\/\\ 0165 Score | n/' %%45
° ‘ G%MM ‘\y |:| Easy to Grasp 9165 2100
Easy to Grasp | Sk \ Ableto Grasp

1st Principal

Component |:|
Score Cannot Grasp

s - l:l Easyt
@165 [ ] Avlet
l:l Cann(

Yui ENDO Hokkaido Univ. JAPAN No.76

100
b ; Real grasp posture with subjective evaluation “Easy to Grasp”
Real grasp posture with subjective evaluation “Not easy to Grasp”
Digital hand grasp posture with high grasp quality
Digital hand grasp posture with low grasp quality

oo e e

Yui ENDO Hokkaido Univ. JAPAN No.77

Conclusions Future works

1) A software of ergonomic assessment for handheld New Functions for our system

information appliances was developed — Evaluation of the ease of finger operation for the use-interface
— Could generate an appropriate grasping posture for the appliance by of a product
minimum user-interactions . . . I .
. : : — Aid the designers in redesigning the housing shapes and the
— Evaluate grasp stability for the appliance by using force-closure and : .
grasp quality user-interfaces in a product model

— Evaluate ease of grasping of the grasp posture by using EOG map
2) The validity of these grasping postures and their
ergonomic assessment indices derived from our
system with one from “real” subjects was
experimentally verified

Yui ENDO Hokkaido Univ. JAPAN No.78 Yui ENDO Hokkaido Univ. JAPAN No.79



Implementation on
Commercial CAD System &
Application to Product Design

Sphygmomanometer

ARPABANS AN Bl

Application to

NegairPao2o.w /e B4l aBena’asndass’ 2. Hea
Designing a New Product

Implementation on the CAD system (CATIA)

Yui ENDO Hokkaido Univ. JAPAN No.80

A possible use of the digital hand simulator
in styling design process

Subjective Objective
evaluation evaluation

GOOD

Aesthetics Ergonomics

|- il
Yui ENDO Hokkaido Univ. JAPAN No.82

Implementation on
Commercial CAD System &
Application to Product Design FTr——

research with
Nikon Corp.

Application of Industrial Design for Digital SLR / Compact Cameras

Yui ENDO Hokkaido Univ. JAPAN No.81

Thank you, Merci and Gracias.

Any question ?

kanai@ssi.ist.hokudai.ac.jp

Yui ENDO Hokkaido Univ. JAPAN No.83
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