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ABSTRACT

First, this thesis presents a study on the design and implementation of a remote controller
that can recognize the user’s motion for more intriguing hand-held appliations. The developed
platform of the remote controller has a motion sensor (3D accelerometer) and vibration
motors, and communicates with a server that processes complicated computations in a
distributed manner. The server can recognize simple gestures of the user based on the motion-
sensor data. An adequate software suite was also developed, along with four applications
using the motion-recognizing remote controller. Second, this thesis introduces a systematic
method for designing the driving condition of a vibration motor with a better understanding of
its power consumption and the perceived magnitude of resulting vibratory stimulation. The
vibration motor is widely used in the hand-held devices such as cell phones, PDAs, and
remote controllers. A method to predict the user’s perceived magnitude of vibrations based on

the physical characteristics of a vibration motor was developed, and has been applied to two



cases: a vibration motor attached on the thenar eminence and a cell phone with a vibration
motor. The results indicate that the high voltage region that is often used for vibration
feedback in the hand-held devices is not necessarily advantageous in terms of perceived
magnitudes despite its high power consumption, and that the method can be useful for
determining a driving condition considering its power consumption and resulting perceived

vibration intensity.
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2.1.1 Hand-held Virtual Reality
# ol Handheld device® A= VR HFAFOZAC] 7hsdh dighe] =it
d23% HFY 3343} += <] Handheld device™ Sensingﬂ} Display & ©]

-3ttt 8FAIRE Handheld device: Fth7b 7hestH o549 it AlgrEol
F <&, PDASH 2 Handheld 71715 7FAaL Qlvh E7F A5 750 HES
gsolzta 9k o]® AlHolA VRS FaE7] 93k Handheld 774 <]
i z30] Ao Hof A &

20063 Jane Hwang®] < [1]914+ Handheld 7]7]94 VR ZH#ES T%317]

i

K

olale] ztH ol & 7B AL Aot A7Fe] VREHEZ t)nfo] A2 A}

q
TEET B o] FHFAA EAVIREY] QIE A o] AE Ths Al s3It Jane

O]

Hwang®] -l A = 37}A] visual, aural, tactile 47ts 48T & AEF it
Tk o] ZHES 7IWke R 7]EA<Ql VR applications T3 TEE
ofFZ Aol A VMR THIEA TS BAT|E QIEH | ~E o] &sle] Ao

o

td = Ad=E FAsdd. "HEwte] F'=E Browsing? Manipulations

BA7INE =gtoly] AlEH ol S

2.2 ¥H-2] 7+7}7] (Sensory reception at the skin)

2.2.1 Sense of touch

Touchs= 37 Ao|r AlEy Zglzo HE=S
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E4% 2449 A Sl AR F3e 5EAS doldit}t dE 59, EAE
=g oz EA 9 StiffnessE ol 4= 2131 Contour Followings &3l =42
RS A4 = 9tk



Passive Touch®] 745 A US wjAetL Al=2 HEHehe 455 gtk
Sense of toucholli= 27}A] ] XA A A7} EA ST} Cutaneous System-= 3] 4-2]
%5 H3lE =7)= 9E8S 3o} Kinesthetic systeme o5 Wo] &3]}
=AE &3t} 18] 3 Haptic system= ©]

=

N

=
S
)
=
lo
2
i
Lo
)
-
i
32

2.2.2 Sensory reception.
el 29l Aol FRe] AW IR WPHD o] WL W¥ o] Y=

mechanoreceptor=°ll 2]3ll ®AE T Sensory receptions 7S

!
=)
Hz
rir
\o]
)
2
!

55 ¥t} Hairy skin®} Glabrous skin©]Tth. Glabrous skine H¥EH o2 £nluhal
dhupeba) o] do] glau g RS £t W E Hairy skin HF
IE5d 2 99 9FE St a8 1= 7 7HA BgY i) g

mechanoreceptor®] #}o] S HojFr)

N

47}#] 9]  Mechanoreceptori= 3|5~ <ol ¢l 9™ Pacinian corpuscles, Meissner’s
corpuscles, Merkel’s discs and Runffini endings ©}3l £t} Glabrous skin< hairy
skin® H]3] mechanoreceptor®] FEEE7} =T o2 lE] HFA= dgh

=9} Localization 524l wj-g- T1zksic}, Hdsl o & EW A=ES A5oz

Sensory receptors<> A== AGA HdLsh=s G v Aol FoixwH
receptor= 2] 714 SAo] niR A Ha o] o] AA dHz= uiHAA ¥ o
THABAN Agdn. dF2E Fags A=Y A7]E YERIY

Sensory receptor£2] 5ol thalA= 3% 1 o AElE o] Utk
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Rapid adaptation Moderately rapid adaptation

Slow adaptation
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25 &Y
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Pacinian Meissner’s Hawr—follicle Ruffin I\r[;rkel's Tactle
corpuscle corpuscle receptor ending cells discs
a9 1. 9% HRE
Pacinian
Merkel Disc | Meissner Corpuscle | Runffini ending
Corpuscle
Frequency Range 0.3 -3hz 3-40hz 15-400hz | 10500 Hz
Perceiving Property | Pressure Flutter Stretching Vibration
Receptive Field size Small Small Large Large
Sensory Adaptation SA1 RAl SA2 RA2
Neural Channel NP III NP I NP II PC

¥ 1. Mechanoreceptor®] 53




2.3 %152 Q124] (Perception of vibration)
2.3.1 Detection Threshold
Detection Threshold™= AF&o] Q12 4= = 7P 22 A=9] A7]& A AT
] Human perception®| A 7} Z]E A FA  ZHXo|t}. Sinusoidal FE
(vibrotactile)=1 7] 2] ¥ 3}ol w}E Detection threshold®] Curves= A F F-EO2 9]
3 4= Jt}. WA non-Pacinian A E¥} #HAH AF3 HEEI} Pacinian g3} 3
Ay 5T Folty, 1153k 329 Pacinian A EAA -z W17ste] s
7]l th3l Detection threshold’} JZA3dHAl 7HA3Fo] U-shape®] CurveE 74 ghr},
Detection thresholdi= 2 &3t 4o wa} 29 = 4= v}l o & £, Contact Area,

Contact Force, Contact Location, Stimulus Duration, Rigid Surround, Age 5ol % 2 <

Att 1elyt thA 200~300hz H oA 7HE wWizksio)

2.3.2 Frequency discrimination

AE A=e] Faes Abgre] dAdd &S Fv dA=, °E Sy
(Intensity, Duration) AASHA FAletaL Fapat WA A5 Al o]& £3F
& g vk JEA=e] soms oY AEE w 70-130hz8]  FukE ol A
difference threshold(DL)<> 17hz ©]th. T3t o] Fold = 18 = A+ &

H2 w438 EolRlrh[3]

2.3.3 Localization

Z1°soll A 9] Localization> A1 A F-¢1el we} 2o}, 53] o8 7k A& 3=
o @ol AHgse] fFol we w9l d5% 1
sttt AAR &2 "2AE =led AT AR HoAA Wl wet

T} (Glabrous skin) 1 oA %= &7}
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2.3.4 Duration

ol

g0l AL o] A

A

A A5e) FEg 914

4

F=d des v XY ol#
/S Temporal Summation®]2}3l s}, H-ojH =2 ok7ko]l Zfol= JAA|TF 1000ms
7} A= Temporal Summation®l] 2|3+ ko] A& A F71sk}. A TE 1000ms ©]

ol A= Temporal Summation®] g &Fo] AAs}A F*F ).

2.3.5 Perceived Intensity

Weber-Fechner Law
Absrel zHztel A7)= Foixl A=l ta(logarithm)oll Bl & jA F7Fghvh= 7H
dolth, oAl Bl A=53 A= di #AlgE Bolth o di4 #A
oaf #A=¢ W3ty 7lsisbAolgty A Zbe AbsA o g WEkgtheE Soth
Weber-Fechner Law®] 2] 2.13} #t} SO & A=-2] Detection Threshold®]t}. S&=

ofxl A=olth k= Ade S8l Ldoflof & AEolt

S
p=kln—.
S (2.1)

Steven’s Power law
Stevens’ Power lawe =24 A=l A7|9 A7 E Alo]e] AAE MFA A

olst Aolt}, o] HAE Weber-Fechner Lawol] Hl3] ¢ @& 717

f
2
=
gg
X
ofo
5

7}sste]l A A= Weber-Fechner Laws E-2 WHlol A tiAsta ).
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I+ &84 A=2] =17], yi= Psychophysical function®] T}, (914] 7} ). Magnitude
estimationS 53 A-> Subjective MagnitudeE ] V| 3t} ai= power exponentZXA] A}
=9 FFel wel AAE e Fhelth Ke AR Aoy @9l wet A H o
Stanley Smith Stevens(1906~1973)% ©] o}o]tjo]& &3l W power exponent(a)E T
stk &=712He] 60hze] M E A 719 thdk Exponenti= 0.95°]1 250hzoll &l A=

0.6°] Tt

Magnitude Estimation
Magnitude Estimation Ab#o] =71 7+zto] 7|5 fa waA A= AF
Ael HZYoltl, SS Stevenst HEE AFHOR 7H7te] H7|ES  Magnitude

estimations ©]-8-3lo] A3}

Magnitude Estimation®l| = 27}%] = WHo] Qlth, WA 7l = 7ol &= A

1

= T 7]

MN

G W AGAAA T e oAF 5o 1008k Ft o] F A
g Ao ol v gHos A AFo] % Ju #e AEAE B
s Wtk E o e AFe] Hi g FA 23 A48 AFEA A4

ol el whe = vk ol ol A=l Wi A& AR £ME Fe)

N

of & 3¥e yAddANA HeE vWriEs F 5 23y 3 AR

Geometric mean®] Y} medianS F3}o] 3HS 3o}
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=
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1% 5. Wireless PosTactor V2

2AL o1AlE 7] 93 Al ZE STMicroelectronicsAhe] LIS3LV02DQ 3% 7f
S A7F AFSEH AT Gyro, AAA AASH o] AXNES EFHo=z A8
|

A ZE o] &3] BAS 2AE uf Applicationd] Wl £2 2] RangeE 2g9 6g

O

F o At 45s wes RS W 3% ALEA Mg mEHe

< Agste] Abgd ¢ ARE AFsAY. 7S EAlY] Bandwidthel H &=+
32 A ot BandwidthE ol A8 %+ wolA] il BandwidthE
SEH A e ol duk Add B g EE AEEZ A= Application
of we} MHEZHE AT E who} BandwidthE 24 & 4 JA=E A2 HAL
71Fe] mhg2s, AR S Ve EE AY Xel2H| Vss EHEd] Hd
of BEo] AHHAT. & 8719 HEo] dAE] o ofHdHE o] &3t
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32 ~XES ] &

axEYoly A F FROR offeld gtk AEZeld Holz it
maaRs Ao Sojz el mzowelr SMUE mr U As JEE

>,

Aol HESRRE e ¢lo] EFFAE T3 Rula, AWIRE dolgE
wrol ®E]E AEAIA AREAM Al el FEs Foh Ave] Hl X2
< o2 7HA] v AdES Al FasoF St 2, multi threaded TZI1HOS
2 FAEYen, HEZHZEE dolEE Wolx A st= Update thread<t A
2l¥ HolHE AME3ste] Aol A&3t= Game thread= HFojxith. AZEY]

ool FxE 1Y 6% Pk

a9 6. AZEH Y F&x
3.2.1 Update Thread
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a9 73 el UAY WHAL AXND U, wol=7t @A Folmk 4

o S = <
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