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Design of Vision-based Interaction Tool
for 3D Interaction in Desktop Environment

Y00-Joo Choi’ - Seon-Min Rhee' - Hyo-Sun You™ - Young Sub Roh™"

ABSTRACT

As computer graphics, virtual reality and augmented reality technologies have been developed, in many application areas based on those
techniques, interaction for 3D space is required such as selection and manipulation of an 3D object. In this paper, we propose a framework
for a vision-based 3D interaction which enables to simulate functions of an expensive 3D mouse for a desktop environment. The proposed
framework includes a specially manufactured interaction device using three-color LEDs. By recognizing position and color of the LED from
video sequences, various events of the mouse and 6 DOF interactions are supported. Since the proposed device is more intuitive and easier
than an existing 3D mouse which is expensive and requires skilled manipulation, it can be used without additional leaming or training. In
this paper, we explain methods for making a pointing device using three-color LEDs which is one of the components of the proposed
framework, calculating 3D position and orientation of the pointer and analyzing color of the LED from video sequences. We verify
accuracy and usefulness of the proposed device by showing a measurement result of an error of the 3D position and orientation.

Keywords : Human-Computer Interaction, Virtual Reality, Vision-based Interaction
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2 ¢, o149 ARzl o] Ate AR eaby wo
H e 29E AT ANgow AEaUe wolE
HHAQ FE FHo| Fhsait.

4.2.5 3A Z4x QA

AHAR ¥AE A Z4xE AR 37| fAst 3Ho
AZEE 27] A 9 ¢ AFA Al 7l LEDY 33
of = F 79 HAHE FYdxn, F PHUTY Z=E
Axtgict & HJAEY 4= 74 JH YA Alole Zta
dxse2 ¢4 7] Az % A je] LEDS| FHo] g
Ee ¥HYE9 ¥Hd aﬁ]- t" Aol A 7He] LEDe] F7el
Bes due) YA b8 ANt 27143 0] Al A

D 34 P, P, P¢t ¢ NRIA Al 719 LEDY F4

Pl". Py, Ppe) #3742 P)=(a}y2y), Py = (ahyn2y),
Pl=(23,9%23), Pr=(a},2}), Pp=(zb.u5.23), Pi=
(ehppny), 2 & ) WA ast b 27 4137 H(14)%
o] AejaArt.

a= A% BI= (4} — 248, 2be) —alel, alyf—sla)) (13)

P"i AD (xz_l']:'!b ypzz zl])_( ﬂ:yﬂ,ZEJ,
Bo (:03—3],3;3 yl‘zﬁ_zl)= :cf,yﬂ,zg)qq.

b=A"X B'= (g2} — M, 2zl — a2 ey —ylzp) (14)

T T n

oA7|1X, A"= (23 -z, vy —yl, 25 —27) = (0, 4}, ),

Bt= {Z;; =Ty, Yy — Y2 7)) = (-‘%r%: zb}

ojtt.

HW APIPIP)SE BY APPP) ol o]%& ZE ¢
= 415)s 2ol ¥ HHe WA Held] Y WA Ade
2 4o e HEet.

—_ =

L) (15)
|l

4.2.6 2% YEE 0|83 3344 A BA

ZeEE03l= %"ﬂ-i—"?"ﬂ*i de] &o]a gloH, AME
ZRE Bolet 2 ¥ %k ﬁ%i‘m'—’r EE BOH

sl 339 ddae T3 A= FRgA dFd &
o Al AHgEY. & =F °Il"~1 11]“"*3}“ A 4 A=

go ZAHE H4goeA 2y FiBErY §5
§ LED ¥ €< 3449 #H F3A 9] F&& Hasur

Xp = A+ Bup+wy

m — i

1) Compute the Kalman gain
Ky = PyHT(HPHT + R)

12) Updare estimate with measurement 3

7 = H.l‘k +v

Time Update (“Predict™

(1) Project the state ahead
i = Al +Bu,

12) Project the error covariance ahead
= AP,_AT+Q

ko= i+ K (g - HE)

(3) Update the emor covaniance

u P* — KkH]P;

Initial estimates for £, and Py _

(38 13) ZLHHE AO|E Z2hA

ZAvtgel o 7|84 kA YEYz FAHE FA¢
713 dutd oz O e 2" WA 344
A& 23 Qe Aladd i AVEHE bge go] B
& 4 Qloh

g Fo AHEEHE YA dE8 9% AZF AAl b
4 (Time Update Equation)® 273 7§41 A A (Measure-
ment Update Equations)2.2 A€t Z9t We 2l ‘Time
Update’ #A3-2 Alzbel] A vlg] @A & oFste ©
Az, ooz @A Fd FHZHAE A9} ‘Measure-
ment Update' &8 33 Algte] AA| FAHo] o ded
F4 AH 5L 2ATDL (I 13)9 A7 AN WAy
dA ‘x& HAHSE stuA st JHEFE vt Al
A = T GACAY s og Gl BHETE
dAZsts WEATE HEESL B 9 W = ¥ gl
AT 4 glon o5 Al2gd F#F F7F dHFelt
s ge ‘w £ kK GAAAN HES x 9 FAgad
olgt EE "Al2® 2 AH(system error or system noise)”
oy, 'w' = MEAHoZ L FEAY XA F gloy,
@A ol #EF 9 Al2"9 AFARE LdndE Fgkel
3 EEAAZAN Q e HF2 HLHch @54
A ZE BEgeln ol AEHRg X' o WA H
o8 EHSS V& #3537 o #2333 23 (mea-
surement error or measurement noise) °lth V' & ‘w’ ¢}
AR AAY #FHE & S B35 At o 2
Akl ‘R g W2 ZvbdE QoA AlgE )

B A ME A 79 LED ¥E 7tz x, y, z%ol
e A, A =79 A ¢F 10702 kel o
sto] Ztzt AVLHE AL ol T HEe] A
Aejo] A E FAFoEZMN FEo] HASHEE JEG
< BHA%

43 LED M4 H5}e} oA O[HE of &

4.3.1 LED 4% ud

98 9934 Zzhe] LED #H9g sigsts HA
E9 R, G B ZZ2] gl g 43k SRed, SGreen,
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Red HE MEHA|

e
]
02
0x

LED A4}
e an

Blue HHE MEdA|

Green HE M=A|

(38 14) LED M4 THE ot

SBlueE 4(16), 4(17), 4(18)3} Zo] a1 o]EL vl
slo] AHuigte 2= M4de] LEDY Mgez e, (2
¥ 14)= LED 44 3823 E Red, Green, Blue A28 o
g EAElY 2eFEam gl

SRed= Y, Red(P) (16)
PEROILED)

SGreen= Y, Green(P) (17)
PEROILED)

SBlue= Y, Blue(P,) (18)

PEROI(LED)

o714, Red(P,),Green(P,), Blue(P,)& Z4 P, o o
¢ RGB ## 8494 47 R, G, B &40 dig @& ¢
u)sti, RONLED)+: w4 LEDS] ROl 992 9ulgic,

4.3.2 ojHlE w3

AL GAelA LEDY 3a4 HEga gd w7t &4
ojFe| Aol oAl Mt old, 371¢] LEDS 472 z§
o2 && ojEe oMo o|MEE AHolste] Ayl A
A AP IAEHE A Ao WES TFstn U @
7 MELZ A Ji9] LED 2% WzHae] LEDE H5AI7
o 33k vl9-2~ ¥AE 9] o] (Navigation) O|HEER A
gk = BES & 7o W@ LEDS F e =4
LEDY AFE ZRuo] Wty =49 LEDZYS ¢
£ 3 d(Rotation) o|MERZ AZAH 3, &4 ofZgFA oA
AA W ¥ W dxe YRE AL & A9
WA LEDS F )9 S3a LEDS g2 gy vE
g FEoEN WE F glEd, o] HES i &8 oF
gl o] el Helgl Aol o] (Translation) o|WEE g
g},

EQH o]F(Navigation) o|MES} 23] o] (Translation)
o|MlES %ol ojHlES FHE UehhE oHE IDS}
A 7§9] LED®] 3#l 2 Egko] o|WE Hejujeg AgH

3] 4 (Rotation) o|ME2] Zf-ol= o|WlE ID, Al 7§ LED
o] 3441 &AHEgh A Zdxgho] oWIE HevHE AR
of dgdrt. &4 ojEAHLE MR g 379 oWE
o d3f & AEeAl e R 7% dAA Y AR #
4 9tk 334 FAeIA e BAE A&y 9lste] dut
AL B nhe2e] o7 @71& ok gAY
3AE 98t 3 22 vpg2e B FA9S o
3 Be A4A glo] A 3xY AHAM =1E AMEEs
A, =34 BES FE F dHYA ¥AH AAE A
#$ozH 32 /HIAHE APHoR HAZ + AUk

5. 88 % &

51 Fiol2f Mx| gA1} 78 LED ZolH

Ak Al 2ol FdE §8) USB §17(Lebeca Plus) ¥
HE Pentium IV Al2glo] AT, 2ZEY o] Azl
MSVC 6.0 MFC &7¢A 7hdstgich 434S $38l9 19
e GRoA N 299 AL A4 AN BFs:e
LED9 914 9 A4ure J&s] Q1A & & U= 3§17
A3t F dief 7o) A5 v BEL o) 4§ B
A 4dHE FRsdd F dio) givlel A dea 2
2 A%E (29 159 2o A e §abo Unt =

(38 15) + el fizmt 2 ofofl PAHE ey
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(38 16) M2 C}E =¥ #Z0jlMe| LED FX #t Hln

(a) EHOIM &2 25
(38 17) 34 LEDE 0|88t 2lE{3f XolF

H B7o)M #9d FAdAH LED 99< A w3 9
9L 32 WiRes AAL F ANR ol SF3A A
2t HoM A2e Hd Fholeke] ALE fle] 4wt 29
#7394 ¥& 94742 ol ¢3te] LEDY 9IXE AHHe=
48 £ J=E & ol (2 16)2 7zt A ¥
7] getulg g AN BRI Bz =YL 0|85
A =9 218 d24 @ 3$o= LEDS AAE <A
Hog FAY AAE R9FI It

(2% 1D& 328A 43¢ vle} Zo] A 74¢] 34 LEDS
o]g3te] Al2te LED 7]¢ AHYH IAHE BIFI gl

52 3xtgl ztmet LED MR F& 2%t

W2 BolA vrxo] 5X5(em)d 1FEE F 9%
dgdol Augolde £Y¥t. (29 182 BEl ¥
F52 & Aeld] F-§ g2 rE FolEdd 2HHL
QoA ABeold Hae] M x, v,z 4 Fol AT
dH 3x4l AFe a9 g oA ZYE BHAF
3 Qi

(b) &EHIM 2 25

Aol F Aol 33 HF AP H HuA
2 AAEE vehdr] A7 PPz oA FH-993A
o ag= Augeld gx9le ag=dMe Az @
S Hdo] HLseo A a9 FHEH, Al FAA
vlg] e 334 FHEe Aole HF ¢ BEUAE T
sto] AelB ol AE AEE <E P>F T <A
3o HY, x, y, z & 4% BF J7 Imm 23 oUjZ 3
A9 FEGo] AL S ¢ F Utk

LED ID ¥ A4 #4o] dig 2/7&E FAs7] s,
2919] AYPA A ALE e dig (g A F AzFd
¥QEE AL SIEE ATk A 719 LED ID #3439 38
e AFs7] A% ez Bed AN =79 <UH
44 B2 EXNYOR 3t A 44YE HEAE 9 2
o9 H|& o] &3t WY AEEG (28 19)9 2=
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AEe] HES 7ML Qoerz A do ID #3L AFd
Aoz BAHAL EF Zzte] HE o|HEE HF 7
JEAM HES S e 4390249 AEYE BT 5
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(33 18) He|=Ho|ME Et =7 S
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