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Evaluating Force-reflection Joystick in
Human-Computer Interface under
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Student: Kai-Sian Young Advisor: Dr. Kuu-Young Young

Department of Electrical and Control Engineering
National Chiao Tung University

Abstract

Due to fast'development-of computers and operating systems, HCI
(human-computer interface) nowadays has-been applied to various fields.
This thesis investigates whether the force feedback joystick is suitable to
serve as the input device under-dynamic environments.. We perform a
series of experiments and. find that there is-a linear relationship between
the movement time and index difficulty, indicating that force-reflection
joystick is a suitable put device for HCI. In addition, reducing
movement time and error rate is an important issue for HCI. To deal with
that, we thus propose three force-assistant systems including active force,
passive force and reminding force. The experimental results show that
these three force-assistant systems make improvement on the movement
time and error rate. With this study, the user can manipulate the
force-reflection joystick with the help of force-assistant systems to

accomplish the task more rapidly and accurately.
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31 REHH

o R O R BT ASUS M2N-VM - gﬁ,ggs o8

M BENQ  T221WA » i 1 1680X1050 « 1y 4 it  FIAHEARa] * 4l - 7
A s %Eﬂfﬁ[]&y o N PELFEAR LT B S R Y- ﬁ[ﬁ?‘* f;gf?,' Eoant
i EE U F I I PO 48 E ) = A ST (15T Immersion 2 JE T PO Impulse
Stick Force Feedback Joystick (ﬁ%ﬁ' 3..2(a)) ~ Immersion |l iV Impulse
Engine 2000([@l 3.2(b))#! SensAble ** HJL"[}ﬁEﬁJ Phantom Omni Feedback Joystick

(! 3.2(c)) H FlIFA RS A1 3.1 -

(@) Impulse Stick © Force 'Feedback Joystick (b)dmpulse Engine 2000

(C) Phantom Omni Feedback Joystick
Q%ﬂf 3.2 (@)lmpulse Stick Force Feedback Joystick > (b)Impulse Engine
2000 - #[I(C)Phantom Omni Feedback Joystick
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*3

1 = PR A

Impulse Force

“Fl Fl Feedback Joystick | Impulse Engine 2000 Phantom Omni
(CIS-56000-SYS)
X i 40deg 65 deg 160 deg
Il
Y i 40 deg 65 deg 120 deg
()
Z g X X 70 deg
AL 26.67cm 28 cm 19.5 cm
IR 16.51cm 18.5 cm 18cm
S
145N 89N 3.3N
I
A R 2.88. mm 0.023/mm 0.055 mm
Spring ~ Slope »
Damper -~ Friction
JIESR Axis'& Angle Wall - Spring Spring
\ector Force -
Periodic ~ Pulse
IEEE-1394 FireWire
FEIRHAE /7 UsB dedicated card
port: 6-pin to 6-pin
TR not available 650 Hz not available
= PC PC PC
10k 200000 NT 180000 NT 98000NT
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Immersion ** f[ (i fY Impulse  Stick  Force  Feedback Joystick fil— £ #4.

LRSI 25 SRR ﬁﬁ“l?ﬁ' E7e R R E T (X
Yprﬁ%W‘ﬁMmeﬂ@¥4$®$’@“wﬁ%tUmmwBHMBm
(USB) » [* |90 2 LI ™ I i i o Jfi) Immersion > F] el 9 Impulse
Engine 2000 [i /454 [ 12| spring — 78 » S {9 /f o124 L dedicated card - ff "]
&R - SensAble 7 il [ Phantom Omni o[ BHER PN ELE |~ (T2
FOBERE! - T H R EII‘ET!‘} PP s Ak AT [22] > PEERETED 3D(X - Y~ 2)
Bl T‘if‘&lF'EJﬁﬁﬁi" FIT o PRSI PORRLIA = A& prpoapt - Bl
SensAble ** Filt1ii& fy Phantom Omni Ju[pIEEFEA - [ F2 7] Immersion ** Filt & iy
Impulse Stick Force Feedback = Joystick.» [FEHEARF o 14= RRENRE =N 4 B i< i
PR | AR A o= ey ] » F‘.“J?E#ﬁiﬁz’ﬁ‘&‘/ et
7] o SEARR [ il ) HU AR RS DR 3.8 A o A VR (1) AR )
HEEMOE T B o (o DT RE T e Y P G 1

f HEEEE \

q‘gﬂl 3.3 ‘JJ&[I%&%EFE‘[I mﬁ[ﬁi 2 ﬁgﬂl
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3.2 i FE A

iﬁd} Fe{p = IV B 2 AR L Microsoft Windows XP - “r}?ﬁj‘ﬁﬁ‘ﬁ“ | Microsoft
Visual C++ 6.0 71 OpenGL » [ ER TR FLILI M1 1 [p B AR (1) Sl > )
{2 ]| Direct X #1 Immersion I-Force 2.0 ; lﬂ“ o) Tty ?E'T\ E@gﬁ}ﬁ#}é‘ﬁg o TRHY
&ﬁ%ﬁf el ffI ] [J ’i@pé*g%ﬂ £ iﬂﬁw ffi= [ £% OpenGL » PJEL OpenGL fu3f

“’Eﬁ EJFETEFF S| 1 Al ol S RO G il 3 i R T TJUF ikl
R ST SR T G D A O - R R
£% 35Hz -

OpenGL =I7t 1992 & 5% %+ HigvE > LiJEf5 19 OpenGL ARB (Architecture
Review Board)*ﬁ?ilifl ST [y EY ﬁ[ijﬁ SGlI (Silicon Graphics) - Digital ~ IBM -
Intel = Microsoft & A K- J\Sﬁﬂw By (ke o) [V 2 ﬁfﬁﬁ/# OpenGL-OpenGL
FRY (A > D] 3.4 Fias F" [ P GE T OpenGL API F = P LI *Fw'f'JFf
FOEITR SR 5 B S Iy s SRR~ RIETERRS RS

2 (Ut BT LT O BRI it i v gy
BLEE™ ~ [ E‘K@%ﬂﬁ}ﬂﬁiﬂﬁﬁf'zﬁﬁﬁ scu RN N E Ui
“}*I'FI @El’ﬁlgé‘ﬁff@%ﬁﬁ%’ééwdﬁgﬁgﬁ 1227 & R T ﬁ“Jf ETRb /= R

FoFe B R B 8 SR A A s WO R HRL SRR D
TERERY TS (P R0 ~ B e AR Sy i ﬁl&gul%\lﬁifw b1~ 2 BT -
[ 2GR RLI /BT SR BT~ S 2 SRR -
HJHIT S P S

RN 22 U N = B N R B - ﬁﬁﬁ? f~ H] " MFC(Microsoft
Foundation Classes) {54 + > T 4 * S ¥ 19 Win 32 %t » 2IfTujd
MFC gt =gt | 5L 4 KA - T 3:1%‘ WP A IR

“"frg:F&lﬂ SRE M) - BT ) MEC SRR SR BRI EL A B3I - MFC 7 =ik
TP [P T TR R P I'FEJEI"T%E'F'ffﬁﬁ:‘ﬁﬁ’i”[(Dia'Og) il
B2 SR i 3 0 IR - T R R A
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SRR UM e i IR HL + ﬂpm‘:ﬂ?{gfpaw@g ,
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Richard[23]57# [ OpenG j

—Fii

qaﬂ' 3.4 OpenGL =Y fgifAd



I

HER TP

o 25 YRR [ A o R R AR R R
Shannon formula + 4150 i £ 195 » TR PREBUR AR RLI (0 4005 4
(e BRI K 5 725 PR ol F RS R R 7 P AT
= TR 7 [HR LS 7 o3 AT BEGIATE) — P82l ol el
HALNE D IFIFRAY -

41 REEENARAT PR

7 I R Y U AR Rl 5 =1 45 (72 BEBR ™) Shannon
formula 32 % iR Shannon formula F& kLS REUA 2 A=A Elfil?f;ﬁ%?: g
T 0 SR S 6 ) e R s
LI AL o WAV EERLSRL R _Shannon formula - =5 LR £ o
A 5 R E ([T 360/ EE ) ﬁfﬂmﬁ;ﬂﬁ%@ = ﬁj fifi (+3SD) & > [l
P B9 AR [0 A o AR D R (T 4.2) o B R »%ﬁi‘?%%l'%ﬁﬁl Ak o Ef}‘[*'
S SRR PR SRR R BEURY PR 1
FIOREAR > BT TR TR o RLETJFERIF » ARSI P i I - IR E
EEE IS HIE N = f’fI’FB%‘z""JEH??"JL"I‘Ji%E*J%Tﬁ‘EIUﬁ@ AR R T RIS (M
EHR B R (3 BT 5"JEIJ?€F'J?[E? (YRS PR > 2O
FERR R BT ﬁﬁ?%ﬁ?—l}b‘[ AR - iﬁf&r‘i%‘ﬁﬁ?ﬁqﬁ‘ﬂ TRy - T
HIEFR O DR AR T 0.96 > 2R iy A S e
PAEES [ AR AR o A B[R e - & [l ™ T B £ Shannon formula
IS0 a 71 b i - 15 10 K315 > i #Z]~ [ MT = 67.067 + 6.5053 ID
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o> P AR UL > FEFES (D) DI L - P R MT
71 6.5053 27} > st 8 [ » [ HE[PI- £ MT = 71.771 + 7.765 ID [lufi it
TEUE 6 [ o [URUT MT = 74,672+ 9.9336 1D » {155 BRAG AL Tl 1
6 I » [ E I 1 B o FEEARGRAT P % o T 9.9336 S2F - BB T

A4

Shannon formula Elfifﬁif%’ fr IR E'jJEJJf %ﬁﬁf\_ﬁﬁ lipjp“r%iﬁf
ffH] -

+ V10

[
~
o

| V8

/,’//f;" )

(W EFFR
s o @® 9
[=] o o o

~n
o

o

ID1 ID2 ID3

[l A ] 20 5 0 i A RSB [ 5
T A (R 4.2) > S R PR S T AR D Y
SR SRR > TABER T » EREERGRT AT e i
H > PSRRI SIS  TE RRTLSE S AL T R RERR
PRIRLE] SRR @ TR DO RO, R R
SO = R SR A IR T R PR B
S ORI A 0.98 0 BLI) PS5k [t FRLEII RELEFY o RS AU 1
P> 5 RS Y B T Shannon formulaf[l[’*‘?wﬁfj‘%ﬁ'fiaﬁfbI'Til i 10 £5{] -
[i" [~ % MT = 64.724 +6.1783 ID [l 8L AL AfURFAULE > Hi -y
(ID)E 571 1[5 » PR (MT)‘aﬁjag ST 6.1783 ToF) - ThiGhh 8 I o Tt (HE)
—- [X MT =68.848 + 7.1823 ID | Jﬁl ks :35@’%’* 6 Eﬁ EI AL MT = 74.613 + 6.8964
1D » [l (AR 700 T SiUs v 8 - [N ST L P T

% ST 7.0823 2P o BT HTHESE IR o 7 TS 8 @b 6 ThY
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SRR N CU N R UES E*J JASE B S e K 8
[ T PSR g AT I S £ 8 SRR S S R
é;ﬁg’r) B _J’—Fj:? Jﬁfﬁﬁlfja‘@’ﬁﬁﬁ\ij [ i JLF*“@E&L“J Hﬁ Shannon formula EIU@F% ,
i) R 7 = A DAL R RN kL A e R D

120
+ V10

100 m vs

60

(SU) 2R FR e ]

40 -

20

ID1 ID2 ID3

[ 4.2 7% o gl e s B i o 8

S LR AEEI (R 4.8) = AR B A AR R R AL
A AR AR NS Ry - %’»gﬂﬁﬁf ARt > T
RGN - PR | O o AR i AT T i - S e
T » PERE | RO ﬁ@vﬂﬂﬂ& BRI - R

R RIHEOR I T R SR A O I
P SFER POHE TR 0.98 0 RN A [l gl 8 HRLEA Ry > A2
A PTG B J|[ﬁ'ﬁ@fﬁp fH 1} Shannon formula | [l[*%ilq B a bl o Il

% 10 ER] > P HE]- % MT =65.606 + 6.3617 ID fufliast » [FEIAsL e A i lihL
i PSS (ID) T 1B P HI(MT)I G 5T 6.3617 227 - [yt 8
[ IR 5 MT = 70.737 + 6.9049 ID fIUjfifel > Pt 6 B » [lIsLs MT =
71.563 +9.4952 1D » 1155 = (AR F11Y Tl b 6 1 - [RESE S 5T L

PR RSETR % » H7)1 9.4952 TFY - [fy PR R 7y Fitts Law (O 'Y
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BRI WY ISR BRI £ FPTEBUA 7

120 ~ ¢ V10
m vs

100 ~+
V6
80 - 1

60

(SU) Z5 5 et ]

40

20

g%ﬂ 4.3 PLEI RS R L i Hﬁiﬁn&t[‘_i,[plél%}fé’aﬁ’lﬁﬁlﬁékqa'

SR TR (R 4:4)-= AR e AR R - AR
el R GRS SRR o PR e sy e
IR - PIELEH ﬁﬁrﬁlﬁéﬁiﬁfﬁﬁﬂﬁ Ui Fe] 0[RS s AT i
TERRIR » PEDE ] E AU EEOR e @ o2 P ER ol - R

PR S O SR AT R SRR AR T AR
[t SR U AE R HAA0.89 » o' (8 S [RGHIE HERLEB ISR A
AU [ISRE > B e H e L Shannon formula Hl[”“\?vﬁfjg‘?fm aFibfli o I')yl
" 10 KLY [ E]- [ MT =68.486 + 5.4448 ID [Ijfissl » [ 56 A Ui dihL
i Ef,’[*@‘%@(ID)EJ‘r@ LR FEEE R (MT)a“xj:rf“ T 5.4448 ZF] > e 8
[ DY 1% MT = 73.908 + 6.0186 1D [IUffiAit » Feift% 6 [ > i8S MT =
75.821 +7.5253 1D » 15 = [ L > ol 1 6 [ > (B 5 5 1

% *JEHJ: TIE %o 1 7.5253 2 Fp o JIFRIASE /8 F‘ Shannon formula i Jlﬁilq% ’
[0 TR o . A A I FEAR Ly £ e UL R - rﬂ’“’*ﬁliﬁﬁ?ﬁ
P = FE R PR ISR VA 4.1 AAd[N - FEARRLE T H
IFEHTERURH N ™ -

29



120

100

5 g

FUEJ 60

40

(su)

20

¢ V10

m v

ID1 ID2

ID3

ﬁ%ﬁ[ 4.4 . _}Jiﬁrw—rnﬁ o e %\I;l:ﬁﬁ\lﬂf&l[%wl&ﬂ JEI "15\%'
4.0 g SRR R

A | e IEFRRT ) TeZh et A
10 0.9984 MT = 67.067.+ 6.5053 ID

=) 0.9938 MT=71.771 + 7.765 ID
0.9662 MT = 74.672 +9.9336 ID

10 0.9838 MT = 64.724 + 6.1783 ID

E-ual 0.9996 MT = 68.848 +7.1823 ID
0.9910 MT = 74,613 + 6.8964 ID

10 0.9830 MT =65.606 + 6.3617 ID

WLEr] 0.9374 MT'=70.737 + 6.9049 ID
0.9994 MT =71.563 + 9.4952 ID

10 0.8987 MT =68.486 + 5.4448 ID

fida 0.9696 MT = 73.908 + 6.0186 ID
0.9942 MT = 75.821 + 7.5253 ID

42 JEEDY RGNS

R SRR R A )
PRS2 (ML 768 2 BRI I % 95> = 7 | Jsﬁw
IR i)~ B AR | 2 PSR A=
ST o 75 IS AP I Sy | AR R A (R 4.2) 5 i
SRR O S 0 360 SRR TR 1 B i
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(x3SD) % » ffiH [FI7] LAkl £ FEI PR [24] [25] (] = P Al BT 7 > —
PRI AR HE L 7 R ORI BT FT)aE (7 31T > el D ATIVRLES T B
=P = TR~ T FEMESE 5 R IE E RE  RR  1
SIFTI AR T RL P i (p-value) b 4 [26][27] - P fifi(p-value) kL 5
S A S P S S S R RN O p R
WEETHC 451 0.08) » =5 PI 1 BLg IR IR T2 iERLBUa & T 2%
BRI > 1o PP e 25 I S S R B TSR
e AR I A1 0.05 [ » A A ol F VAP Y BRpIRI e Rt 11
R TG AR B A ID(AESE ATV (R ) v PR
SR PR AR AL E P ER R (p<0.05) > Hi IR < JUFIEbpu 2
PRI A A H G ST B BRI ¢ R TR ORIl 4 T S
BoE- 5T

F< 4.2 e SERHESVPFERE A 5

%L'ﬁ HEEE (D, pixel ) | P (W, pixel ) | AEES (1D, bits) | e (V, pixel )
A 62.5 40 1.3576 10
B 62.5 40 1.3576 8
C 62.5 40 1.3576 6
D 125 40 2.0444 10
E 125 40 2.0444 8
F 125 40 2.0444 6
G 250 40 2.8580 10
H 250 40 2.8580 8
I 250 40 2.8580 6

PP AR 5 R 4.5 il = A A ol
TR PIRTE e LFL‘%[F'EJ,T‘EJ?FH'&?@ 4.2 [lIFEE F(HEE 125pixel > [FEEE
2.0444 > i 6)= EMJB‘%TCJJ%?]EWW%% IEE e TR MEEE, ACPREE 62.5pixels
[MEEE 1.3576 > g 10)F o T PR PSR LpuB IR
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4.6 [l Rl U A AR E |2 Bl 4.6 A1 4.3 LTINS T 2T = = )i
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H 4.3 PO B T

PR B G Mean Std. error
D 873.06 7.12

= B 828.99 7.12

BRI 844.77 7.12

e B 853.98 7.12

IS > U F) S 7 > ]G 10pixel/0.029sec - Bpixel/0.029sec 71 6pixel/0.029sec
(P BT A £ pixel/0.029sec » [ 8L H o1 1 Ersfisk £, 35HZ » 971 &) P v
£5 0.029 #J) » iﬁ} FEIE EI '[ﬁl 4.7 Fi% 4.4 FIJ T = 785 @Agﬁﬁf‘\gfﬂﬂﬁm%i{
5 I P LS A% S o O R AR 1AL -

TSRS = R 4. 58 R I I e N Ty = T Pl e S
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F 44 2RI K TR

e (V) Mean Std. error
10 787.16 2.97
8 852.51 3.63
6 910.92 4.58

DI RS iR P Tt B 25 PR AE ARE  FR
IV ETAVRLRI S 3 (BRI B (™ PP T £ G <0 305 Ao = XS AL ),
AR TRLHE b Rl fol PR — ZE ] Ty R M I PR 4 bR = ol e i
RS s BT ES (P RS (R = oAb ] s A~ BRE o ] ik
R ORI o AR AR i e v PR s [N 20 ) o B PR
CONEN N FE N uﬁ&li&@%f}fﬁﬁ&[ T ISR 1o 3 F N B
FIZIZIONA" 4.8 T [ 4.8 pL SRR s DR AR A8 5 AFIB
gt = 447 ST L i 1 AN SLa i | SR S [ 395 TS G i
i LY bR P RVIMRERAS 6 ATLB PR o S T EVAR TR
WAl L AR IgRET e BRI B - A MEE T 5 AR B
R S D R e R ﬁfﬁj‘@?ﬁﬂ?ﬁ'ﬁ oSV L’FEWEJEIU P BRI
TR s R, BRI RS o SRR e | UE | LS Ry O S S o R

W AR R s R I BRSSP P D RS A
Fﬂ*??’u H AR R R DIRGRIRVRT DS - BT o

=T f
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=
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R A JrﬁTup YR AR T TEMEER AT 5 (B 4.2 AN
(3 4.5) 2 CE=E EHJ‘ FHRLED T A B G ST

IJ ﬂ* U;—EIE[J
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Eatb=3 00 CWF S DRUEE AT 5 H 3, 22%ﬁucler 3
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[R5 ES R IE WA JE IR i - FEl
A = E 3.33%
B Syl 4.77%
C Pl ]y 3.44%
D g 4.29%
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G ZEa) 3.59%
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