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Performance estimation model of the three-dimensional pointing tasks
in virtual environment systems
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Abstract
Virtual reality environment system is expected to be used as a new user interface tool oweing to its high
immersiveness and high interactivity. To use VR interafce effectively, we should identify the characteristics of the
three-dimensional control tasks as if we did in two-dimensional graphic user interface environments. As a first
step, we validated Fitts’ law for the three-dimensional pointing tasks with the two input devices, Spaceball and
Spacemouse. Different from the two-dimensional control tasks, VR pointing tasks needed inclusion of a new
variable, size of the moving object, to Fitts’ law. The modified Fitts’ law highly enhanced the coefficient of
determination, Rz Besides the fact, we also found that Spacemouse was superior to Spaceball in our
experiments.
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339 2AY $47 22 e dAoz AFHAZZ(VR: Virtual Reality)71€& 2 LA ’
33 Utk HIoleE WWW(World Wide Web) <149 EZ2Q VR 74 F##<d°idd VRML(Virtual
Reality Modeling Language)°ol ¥¥5 o} AFedAel VR o]&°] v Sojd Aoz A8t (Pesce
1995). =2E<t AFES AL A]l  HHINALEARAE H o] 2(CUI:Command-based User
Interface) A "1 EAl (Macintosh)t ¥ E$(Window)2 WEHE Y AL A E H 0] 2(GUT:
Graphic User Interface)2 WHalgted deze 7HIE4 Abg AL E | o) 2 (Virtual Reality User
Interface) 7t WEE A AgAAEH ol 2o F/E o8 A2 AFET g} obH 7R olE g VR $7
A9l thake &de] tig 21k % (human performance)®] %7t} olof @& AtFe AJEL F 23
FYHo] A 2§ FWo|t},

ot GUI BAAME  AsAdEsolxel 743 71EHQ YA EA”(pointing), =W
(dragging) AYET 1 F8 JFFAA vk$2=(mouse), EHZ(trackball), zZ o) ~H (joystick) &9
W& Be ATSo] o] 2ol ul Itk (Card 1978, MacKenzie 1989, ¥A3 1992). VR §7AN % A
2o ol28 QUIIANS ul£aA T, =7, & WrlACl M (navigation) T2 Zge) tigt Azt
Neg dastn Hriste 750 AAFa ik, ola@ =¥ EA o2 Zahi, Ware, Park(1994)
2o A7} 9ot Zahis 64452 S3A4 (isometric) 48 3H 9 584 (isotonic) 4 H Ao A& Azt
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4%E vl wstglth(Zahi 1993). Ware: 339 XA Aol sl AZA A (time delay)F =¥ 2 o]
E(frame rate) & 7 m2iste $3Y  Fitts P2 Aoka vt I {(Ware 1994).

Fittse] MR L &o] RAAA mdats AHE o) Zst7] 94 BHEojF BYow QUI B4 91
AolE AHgste whe2l EYRS) FAYT Sefn) FYHse d&stedde A3atAdct. Fittse ¥
& ol FAZ (V)& @¢3 EAEA (target object)s AZ1(ST) s ZANAR S Ael(D)9] #42 Fdsn
AT (A 1 F=z),

Y=a + b logy(2D/ST) P - (4 1)

Y VR @444 ZTAY A9 45 &= Fittse] HHo] AHeA 2§ Aol R six)
Ak RAA, VR $34 dgAnse 32 25407} frefdtol (Zahi 1993] ol & ®o| Algsini, 9%
THAME A3t FHAYH RS Ao W Ade BAE ZAYII] e B3 AoiMe &
o 2e FELFL AT A2E Fittse] YHo| o 2e oA 4=

=M, VREH AN E Aot =207 Al thao] B B4 (object)7t @ 271& 714 4 A o
HE 7HEe ARdE s HEJS 9 1 oA Ay e NEeE& &2 + Y& H oy o] 5 Ao
He BAY 27le vgetn, 2 977 A SolE 9L ua Aol mety |58 = B
8 27] A A F848E e}

M, Azkel £RdelL GUIRAGAY Qdagse A3 (viewpoint)o] A Wsletx] grony 84
T W F=(reference axes) & 7M1 A}, = Ao £xtgje 33 Bzt AZAA FHel AL 3
A =el, ks GUI 7€ 23W A7 849 s s ATSA Bt 22y 3344 ALB AN =

TN Wse v A9 A gxFEE gAY EA o] Aok A AlglRle A9$7t A7)7] 4o,

mebA AR A ZA A (visual cue)d A o Hol ma} g TH=7t AA 2k Hojrh,

et £ A7 bR e 339 ST ZouAge 23 Fitts] YHE A g3r)oe 2
ol o9l +3d 29 L e o2 2L YoE PoE Aojg 1 ATE ol BAHA TABY
FYNLE AolM AFE 2952 THHE W42 v o A2 d&Y £ de =YL Fas &
At

2. 43849

2.1 483

2 d¥ole AALAFE (intel 120MHz) 7} AFE=9 3. 33+ 7@ 2L VRS 2T EY o]
l SuperScape™& o] 23t} 28N E SONY Abel 2191X 120 Hz BUHE 712 1024, A2 768
Y4 RzoM Algdlc 2ge CrystalEyes™ & o] 8% 3 & YA Al (stereoscopic vison) 2% A=
2 sleyd o AydME AlgEx g Aol el @ YHAANZE Spaceball™
Spacemouse™ 7} AMSEHATH(2Y 1 F=2). T JPAH= 6AHr =S £Fo] FPEdtt, ol Adde
XY.Z 59 o]} Y2 & F4oZ & 8(yaw) A = 4 AF=T b2 gk o) FEA ) Al
(viewpoint)& ¥ 287 6 AREE o} Algsin 222 FZHTt A R x EA o] Aok A Alakx) 7] 7} A
W e Dol2t YR ARy o] 4 21T 3§31}
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translations B

(a) T (b)

29 1. 339 18 3H] : (a)Spaceball, (b)Spacemouse

2.2 284y

HAGANA AR Aol Wge T4 9 AX vdehie B EBA oJBEA &, FHH AA
Uehde EoE B3 PSaAAA #e Az dol oJFAA RFE A<l B2UEE et o AdL
GUI dldel T8 &Ad) dgdcin & & ot FREAY AXE XY 2 F3 A FAH2 veu
A st o] TEA S A 7t Ayt 4% wrict A= F st o EEA s HAY AVE B4
HrAe] 10 DA WE Fo| BT 100 ALl 23] A71=F s g8 AN4H gA= XY, YZ, ZX
g 77 A9 2 BolAr ¢ Ho£S e AR IAE AT 4R e 4 SPAT
2 ¥9e oo 2o, Age @ AU 29 20 el

D: Aewx RREAS @] ol (D=5005n: n=1.2,...,10)

ST: ASWA o] EEA 9 gdlel o] (ST=5005n: n=1.2,...,10)

SM: EA 3 o] E&A Atele] A (SM= 30000~2000000)

VC: AZHA Al (VOC=XYH (0 or 1)+YZRA(0 or 1) +ZXA(0 or 1): 0F, 1 )

24 AAPACEAAZ 220E Ad 2dd g8 25 100 ¥e] AEE st g€ AadAE 29
A 259 A4S 53 s VR 8743 QR o= AR &do) o] Foiz AN FUE FAHE
5 g0 AAUAE 5 QPN E 25 A8H, AHE £4E ALEA 1§ 82 el A2 282
gacs go 24849 AGFPART 1/10 Evickel o 5EAS AAe SuperScape 2IUE

(script) o1& o188l . AFo2 7158 & UA=F &S

—255—




29 2. BRI Y 339 TARAY
3. AR} go

ZH o] 283 2ol antea £ gePuld) @ Y dolHE BNW A &3 2o $4 Yot
E8E 271 A Fittse] YHE AN )8 HPY F Ao RYE 2387 o] el 2AEN S A e
AT AH A BANM ARG (VO 4B e AHE Holx] Zatol clefoll olA Adsdr,
ET AAQSFAY Bibo] Y dolxol wha Zrlete Ae wg W TS ARY S 2183
©. D, SM, ST 9 ¥$ES ddez ¢ 3A4T 2 23y AxAL (R? )8l F2 T2 E 1. 3} Zol
uebsict.

® 1.4 AARES ZPAS

Model (ID) Spaceball RA2 | Spacemouse Rn2

a B a 9
log2(2D/TS) -1.74 1.26] 0.21 -2.85 1.22| 0.28
log2(2D/(ST+MS)) -4.17 2.08| 0.38 -2.86 152 0.33
log2(2D/(STA2+SMA2)) 17.41 1.74] 0.75 14.66 1.55| 0.62
log2(10D/(STA2+SMA2)) 12.75 1.60 0.79 13.23 2.28| 0.75
log2(10D/(2STA2+SMA2)) 15.69 2.15| 0.78 15.31 2.36| 0.84
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o]g 2 o VRS ¥ 92&#4Q Spaceball®t Spacemoused ©] 8 7HIRZ M EJRAY L
Fittse] Mozt & A9 € 5 & Aoz warh, 2 A A o3a 4 2 o Ze ¥ =23
o] 2313 o gtgdtelst Bojdint.

Y=a + b logg(cD/(28T*+SM?)) - (A 2)

o) B ek BAS BHAT o] BEA ) BHAel o] APolEd] FFE FAA Jewl of o
A9 27 ol EEAd) Ha 2 Wl FEel Fede T 21 Uokm B 4 Atk c & 252 2 AHAA
10 o] AAF Aoz Uehdth o] 2YE ol &3l HARHES & ATt 2 3¢ ekt Yok

20 20
MT=1560+2.151D MT=15.31+2.36 ID
(R?=0.78) (R*=0.84)

15

10

(a) Spaceball (b) Spacemouse

19 3. Spaceball® SpaceMouse 9 ZU8 AP 45

Spaceball® Spacemousec] ¥ ¥iw g FP3t7] A3} F FAAY U AR L AARET. AF
Ade = fAAe AU 7127 24 Qe RAoldnt. AAAR ARFAT F(9.170) =3.0397
2 = HAALe Nz ¥A @e Aoz JeEtH(P=0.0505). °|#¥ ZAF}E £ © SpacemouseT
Spaceballd] vla] £ @7 tide] € ID T E +58 3344 2AH A g & & U

448

2 d7E 339 /PFEA AAdAY dgAcAde d5e BEy) A @7 d¥eR o] £ol
o, GUI AN s} ut@stA 2 3249 ARBANME EA-] 713 7184 Hdo] € Zloint. ¥ d+e
enMoz 349 /BRI A A el thal Fittse] B S o] 48 AT A5 28E gHE o
Boidh g 24 A% 339 /ARG E Fittse 38 E 9ed 244 & fioke Aol wrE Ao
WAle] o] EEA e A7AA 1T £A4 Z¥E A or ol TAL A dal FLI] ¥ A%y
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T HAFATH =3 B Agd AL T e x|l Spacemouse$} Spaceball® HmE w)
Spacemouse TA A 22 %}t M Aoz vepydr}

%%Q§}ﬂﬂ§§233ﬂ%ﬂa&%ﬂﬂﬁ%%ﬂ%@%ﬂ4ﬂﬁﬂq1%*FﬂQ:qﬂ@ﬁﬂﬂ
THAAA T Fold 2HAE Bolx] ZRW A2H ghas}h e, Alde] & 91X Fo| EzaA 3x¢
Zdel Bojdtn g Aol Aldolth, wetd Foze] APE oFF Uiz 825717 23t Ao
G3=olok & Zolth ol2P SS9 A W3 v olokut 3349 AHFR ] HAG A} A
B4 249 A FAo] b5 A Holt,
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