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A =2 AlH|Z(prototype)= St FTEA & S A[LIZ[2 7|8 AtY| HIAEZ S0t
AMEX A E=F wuetal, 2020

v MEo 28d, g8, UHFE0 st 422 S O| 2 (Leeetal, 2011)

QA AEXIE 9t HEH HIO|E E 2t ES=0| £ & (Martinez Sandoval et al., 2019)

AtE2d "It 2X] (Leeetal, 2011)
Ease of use

Component Task W Score
) ) The extent to which the brush is connected to the tube at a | Low High
Connection of ESee ORSe single trial without error (OJERORORO)
brush to tube : = : —
The extent to which the brush is easily connected to the tube PQ0@®0 Ease of use
Brush The extent to which the button on the brush is pressed by DO @6
DisconnectionoH applying a proper force T T
brush & i Ease of use : — =
rush from tube The extent to which the brush can be easily disconnected from D@6 Comfortable
the tube posture
Comfortable The extent to which the handle is operated with a comfortable DO @G
posture posture at the hand and arm
The extent to which the handle is operated with a evenly DD G E#ECU‘_E use
Effective use distributed force - of force
, of force The extent to which the handle is operated by a proper amount DO G
Camiage Movement of force to move the cleaner T T
handle l : : = —
The extent to which the handle is easily grasped (OJOREORORES) Fit to the hand
. 1t to the han
Fitto the hand | The extent to which the handle fits the hands in various sizes D@6
and shapes B
The extent to which the handle is effective to keep the cleaner | .. -
Ease of use . (OJOREORORES) ;
body balanced during movement Ease of use
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Virtual reality Augmented reality Mixed reality

AR

Extended reality
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Virtual world Mixed world Metaverse
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A virtual object is displayed on the real
environment without meshes

7he ot 2

S AR 27
Hide meshes frame and hold geometry
information
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Hardware | softwae

VR software 3D software

Meta Quest 2 Osprey motion camera Unity3D Geomagic Design X
Meta, USA Motion Analysis, USA Unity Technologies, USA OQTON, USA
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4: DHM(Digital Human Model) (1/3)

e

Q 7t =8 & oot M dd= I 5= U= 3D DHM T+
v 3D DHM R &: SMPL-X for Unity, Max Plank Gesellschaft, Germany
v 3DDHMS| dd, 27, XM =F 7ts = Crdet MM E 7|¢He = of A8 /d E7t 7t

Ir

ChOFSH MK HAS U3
3D DHM(SMPL-X)

MM M d2 EHS HE S JYE
SMPL-X Unity script

Shape Expression

Use Pose Correctives v
Model Type Female v

Beta 0 -1.5645 P2
Beta 1 0.9486% .
Beta 2 0.6937¢ E?(
Beta 3 -1.8011
Beta 4 0.6189C ',
Beta 5 -1.0576 ‘gyp8
Beta 6 -0.030! | Ey
Beta 7 -0.958€
Beta 8 1.50785
Beta 9 -1.7587
Snap Feet To Local Ground Plane v
Body Pose - A-Pose
Set Random Hand Pose Relaxed
M Y =3 A & ==

G .' -3 15 s [ 1] ] E ic Desi
e it i ey




WL A|AHED 2 A DHM(Digital Human Model) (2/3)

O 3D DHMO|| AFEX} MM S5 HES
v  VR/IMR 7|7| 22 X}71 7Ha 2HZ4 0| A 3D DHM2| AN as 2 £+ A= E HHSI]
AN 7o
v VR/IMR 7|7|2] tracking 7| &2 AF&X}2| &1 41X MEt F %S 3D DHMO|| HF

VR/MR 7|7| &
A2 ok A2 X}

( > \ EE3nga 2 Ergonomic Design
; L ﬁ-ggggﬂp} 11 Technology Lab




0 Osprey motion cameras SS9l A% 2 A
v AN 2218 SE Y oo Fetet B F4 7

A2 E B Motion cameraZ marker&
S1. A 2% X EE ALEAIO| 3D A o

3D =E E UnityE A A2t

rot

)
N
nZ
>
)
i)
HH
A
o

A H

OF> mi¥

Unity= 7213 3D DHMO|| 3D Zt&
$3.3DDHMT @5 LTS ol 3D 2

EgInaeta :
@ NETEEL R 12 € forinoday




WIDTH

600 mm

HEIGHT 970 mm

110 mm

Update()

Transform Left_upperleg = animator.GetBoneTransform(HumanBodyBor|
Transform Left_lowerLeg = animator.GetBoneTransform(HumanBodyBor|
Transform Left_foot = animator.GetBoneTransform(HumanBodyBones.LeftFoot);

if (Left_upperleg != & Left_lowerleg != & Left_foot !=
{

Debug.Log("Left Knee Angle: " + Vector3.Angle(Left upperleg.position - Left lowerleg.position, Left foot.position

Transform Right_upperleg = animator.GetBoneTransform(HumanBodyBones. LeftUpperLeg);
Transform Right_lowerLeg = animator.GetBoneTransform(HumanBodyBones. LeftLowerLeg);
Transform Right_foot = animator.GetBoneTransform(HumanBodyBones.LeftFoot);
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AH

20 M Xp3= 20| = 7N E0|H, ALEAR 42 %8 SE0| B2 MF
x

58 SE0| M2
Q VR7|7|E &83t AA&XI7} 7HM2HE & slider UIE 21 =%
v Slider2 HZASH £X|E AA|ZEIO 2 N EHY| @AM HIH
v Slider0f| M H3}LE Z7}510] AL KO A A|ZHE M| Eu X

oK

Ray?| slider buttonOf] =& 2t

WASHING MACHINE §)2¢

41t o amd d Ergonomic Design
Atz 28tn} 15 Technology Lab



Q HEF #+Z(product architecture) A|Zf2}: HH| 2t S Yot 27| - B2F S 717 7H4¢

OF

F2. 7t MlE =8 A =

HNE=S 2olot2 HHM M= = ot =0l 204 &
O =& =Mz S 2olet 7t HES T e M, 24 H=z2 =&
=Mt STt =M= F1510] = E 70| ot O[3 & =&
HE 2dll(disassemble) B& HE =E(assemble) S4

Eg3dtta é Ergonomic Design
Arjdd 28tnt 16 Technology Lab
TR RO ——————————————————



Q AREA#E SHYO e BEH X7 =5ot0 AESSHH HF 24 x4

Frame'd Z} marker2| 3xtgl ZtE

((((((

n JhA BN QL NS EESIE AFEXLS| ZH MA| B2
S1. AL2X} 2%Q ©
:1}|3|E}1 e S @ HI0|E{(JAIZH 3X-2l XH#)E motion
cameras Edfl =&

- [1-1 50:54] Left EIoow Angle: 153.8096
8 4 :fA:f '1 ).487

= Unity2| C# coding2 2 2X|2| 0|0|E{ 24

S2. MM X|HE ES = Motion camera2| marker H|0|E{E S5
HE 2 S HEH X E S

' = AAHSHHO|EH E Unity UIE €9 VR/MR
C|AZYolo ¢

= HEN EM ANE °._H.‘_1/7é:l_/°|$.=19 el
SHH BT AHEXV E Q

rulru
rok
Ar
=2
_E_l
i

N FEIetn ) Ergonomic Design
Atoi2iod 280} 17 / Technology Lab



XHE =2 (212

t

v ArE 29| 0]O|X|2

(©), FlE(e)

Ergonomic Design
Technology Lab

Q
=)
-
<<
=
@
0
=
-,
.

Joint Bent Angle

18

AL R
2=

ZETcgetn
@ MiAH 28t




HZ1t A2 X7 3 =Tt
Z|C Z10|E UIR BH (2t9: m)

COLLISION INFO

PENETRATION DEPTH -0.02640296 m

H S ALEXL 5=

EgIdsta .
Qg Jrserec o 19 O s




Q 2= Ui HEESSetit shd 5
Q 22 UWE:/NE S0 et MEE B7H5H™ HE: 1m 2w vy 58 20 2%)

2E A

Satisfaction Survey for Virtual Product Usability Testing System

Purpose of the Research

Traditional product usability testing methods pose several challenges, including the fabrication of
costly physical prototypes and the difficulty of making adjustments to a product design. A virtual
product usability testing system is developed in the present study to reduce prototype production
costs by the of physical This virtual testing system also enables
real-time modifications to a product design through the use of real-time rendering technology. The
virtual testing system can be used for educational purposes, allowing students to improve their
understanding of the product design through their interaction within a virtual environment.

This survey is designed to collect feedback on the virtual product usability testing system developed
in the present study. We appreciate your genuine feedback, which will be used for the following:
Enhancing the system's usability,

. g its in contexts,

Ensuring that the system adequately meets the educational needs of students, and

Guiding ongoing and future development efforts to maintain the system as a state-of-the-art tool
for virtual product usability testing and education.

Your feedback will be of great help in upgrading our virtual testing system, making it more effective
and intuitive for users.

1: Strongly negative « 5: Strongly positive

Questions
1 2 3 4 5
Q1. This virtual testing system is easy to use. ] [ [
Q2. The virtual testing system is immersive. 2| m} m} (] =
Q3 This virtual testing system is efficient to develop a i 0
user-centered design. .
Q4 This virtual testing system is effective to design and i O
develop products. - - - - -
| recommend students to use this virtual testing
Q5. system for the education of product design and ] 7 0 B
development.
Q6. | am satisfied overall with this virtual testing system. (] m} a O 0O

Please provide your thoughts on the advantages of the virtual product usability testing system
as compared to traditional methods.

(L]

)

Please provide your suggestions for enhancing the virtual testing system
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Q AREARLS| M| ZE scandt0] ‘@25t 0 AR X Ol 74t avatar ‘478
v HU A E ALEXS] AN A M HEE capturedst ! SAE REZ V[He=
AMAE Ol 3D 7}t self avatar 2 (Thaler et al., 2018, Déllinger et al., 2022)
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AL XEO| MM scans ¢t 714 3D self avatar 2H ALEXto| M| (ZhHE 7He 2o
(Thaler et al., 2018) SH ()8 B& (Déllinger et al., 2022)
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