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ABSTRACT usability testing. Moreover, it can greatly
The functional behavior of a portable reduce communication errors occurring in a
consumer electronic (PCE) product is nearly typical product development process. A case
all  expressed  with  human-machine study about VP of an MP3 player is given to
interaction (HMI) tasks. Although physical show the usefulness of the proposed VP
prototyping and computer aided design system.
(CAD) software can show the appearance of
the product, they cannot properly reflect its Keywords: virtual prototyping, human-
functional behavior. In this paper, we machine interaction, functional behavior
propose a virtual prototyping (VP) system simulation, state transition methodology

that incorporates virtual reality and HMI

functional simulation in order to enables 1. A&

users to capture not only the realistic look A= MP3 Zdolo], gxdE 7hdg =
of a PCE product but also its functional Eoi8 A }XJ]E/\]ZP,] IAEL F7 ALS H
behavior. We obtain geometric part models oA, A EA, FASIEHoo 2o ZLAF
of the product and their assembly and AZEL Fuj gk}, ﬁzg o] F&3A 7H&EE
kinematics information with the help of CAD Q= Ao A A EFe] HAFA el AFRAL ¢
and reverse engineering tools, and visualize HAAE AT st nALTE AT EA
them with various display tools. We adopt (features)™} 7]% (functions)oll &3] Wk st
state transition methodology to capture the I ZAlo]  A|EZA]7] 7Htime-to-market)<
HMI functional behavior of the product into a AAHo 7 ZFolx= Zol Has gFHT)
state transition chart, which is later used to [1,2,7].

construct a finite state machine (FSM) for olg]st Qo AAs UAHstr] Y3 AF
the functional simulation of the product. The el dor gy QlAxEE Ao HlE AF
FSM plays an important role to control the N34 (product development process)°l A
transition between states of the product. o] AlZE(prototypes)e] &&4 ol ﬂtﬂ%ﬂ
The proposed VP system receives input Abgolt), ANZREL AEF F23 EMHES
events such as mouse clicks on buttons and Xdsty, AAYHES AFsAY, FhElA
switches of the virtual prototype model, and I AxALDE FAsAY, Hgz9 Q]A}gxg
it reacts to the events based on the FSM by S AYs7] 9 AreEY, 2F AES A
activating associated activities. The VP A BAAF7] fsl o]&HH7|% dcri[1-3,5,7].
system provides the realistic visualization of E2 % A ZHphysical prototyping)< A&
the product and the vivid simulation of its of el nESe AAH N = AAE
functional behavior. It can easily allow users xEsith, 28 CAD X ESAE AlF9 9
to perform functional evaluation and #s AAE =Y 4y olgdr. ayy, E¢
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71e=e] dERE i stEAYAR, AR
Hl & EAl= =84 Algte] zta 9le & 94
olt}, w3, CAD AZEYOS X33 E 4
AZe AZFY 7152 =9 (functional

behavior)& "9 a 4 §lcke= & o] Qo).

AFEH 7= S5 ARz Qs 7
ZH(virtual prototyping, VP)o] 7]& A2+ HHH
59 HHES F537] A AFa2 9s A
g3 oz JAAFHI ATt THEA A
214 A2 AA oA 3 Al CAD mdle
=3, A8, A 29 T dHsA A-dd
[1-3,5].
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PCE Product Design

Product Model HMI Functional Model
Generation Generation

Use of CAD Tools ‘HM\ Functional Design

Methodology

‘ Use of Reverse

State Transition
Engineering Tools

I [

Geometric Models of Parts
Assembly & Kinematics Information
HMI Functional Model

1l 1l

Virtual Prototyping

Immersive and Realistic
Visualization

‘ HMI Functional Simulation ‘

‘ Evaluation and Test ‘

Modify Design Modify HMI
Structural problems Functional
Design identified? Design

Production of Physical
Prototypes

Send Through
Internet

1% 1. Flow of the proposed VP system

2.1 AF =Y A4

A= d (product model) AL 7FA 2}
Tl sk HeA Attt AFEd =
AES olFv HFEEY 7stEdAdn, AZ
9 A JH7E 23EE REE Y X249
#7(assembly structure)®} 7]F+8Hd &
(kinematics)oll #3t AHE XIHTH5]. F
FEd dig 7|et RS BE CAD 2ZES)
& o]g3ste] AET. 1Y, AE 3l
gk =84 AFFolY AZE H(soft
mockup)®] EAst= A5, 9F3 7IH4]E
Heste] 7|3t RdS AAdE = Qv AAdE
71t d2 IGES Y STEP e Add 5
Ao, E AFoA= AREAHQ AlZbsle &
B3 =718 zt= A4 4 (triangular mesh)
2 ZAFEEEE ok, STL o]yt OBJ = A%
Hr}.

T ol

2.2 HMI 7] 29 A4
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13 2. State transition
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23 3. Operations of the proposed VP
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1% 5. State tree for an MP3 player

X 1. State description for an MP3 player

State Description
Off o] Az AH
On Aol AR Aejolr], MP3 &-°telut FM #ht] e
7F yoA e
MP3 Play MP3 ot AA m=olnl, 319 4 7hX HHE E
3
Next Music: Th& 2 A4 B=
Previous Music: o] = A4 =
Volume Up: &#Z7} 2=
Volume Down: & &%44 L&
FM Radio FM #tje 4 mzolH, 3¢ 4 71# AdHES
Py
Next Scan: U F34 Ao 2=
Previous Scan: o] F3¢ A B=
Volume Up: §#357F &=
Volume Down: &4 4 L&
Pause MP3 &t A REg A 1E H
Hold EE HE 7ol TahE A
Mode Select | (MP3 Play « FM Radio) == Ag-& €3+ 7]
S E
a7 vk, 7 Aol wAE 4 g 4
Hdol5S& AAS AL, 7} AEjdelE fEAlY]
= oolME-oy Fueh 7t Aol e SEH
BE FAAST E 2 & 78 ollE-o o]
g feke it

X 2. Event-action list for MP3 player

Event Action / Activity
Stereo HE 3 % Age 7
ol re e
Stop HE 3 % ]
o e Ads =
Stereo HE Z | &4 MP3 3 A = A WE (toggle:
g ot A o A H1E)
Stop HE Z3 a4 MP3 &t AR FA
E 3 = ]
Do T 8 s aae e a)
[} =]
Navigation HWE | o, Z}
2xtEN 2y |7 °
Navigation W€ | ooy,
ERRIE L I
Navigation HE MP3 w2 T = A4
25 o 1A oo | - FM RE:D F35 37t b A5 wE
= =5 medd: o me M
=4 & BT AEY
. T MP3 = old & A4
=

Neigation |- P omes e s e aw us
- S| mEdE o REE AYE
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