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0 3.3: Interactive Image Panel

O 3.4: Interactive Hand Pointer

10



gogbbooobobdooobbbuoobbobooobobooobobbuooobbbouooaon
gbobooooboooboboooobobuoooobobDboooD IHPODODODO
g20b0b00000bbbuoooobbboooobbobuooobobboobbuoooobn
gogbboogoobbboobobbobuoooobboooobbbooobbbooooon
gognD 3.400

11



140 Adaptive Annotation Function

O000VOPOIIPOIHPOOODO 40000 0000 Adaptive Annotation Function(AAF)
00000000

4.1 AA¥FOOO

gbogbobooboagbagbobooboobobboobuogbogobobooban
gogbbooobbbooobbuooobbooobobooobobbooobboooooon
gobbooooodgbbboooobbbooobbbooobbbooobboooanoon
gobboooobboooobuoooobbooobbooooobobuooobbooooo
gobbobuogobbbouoooobbod

AAFOOOPARTNEROOOOODOODODOOOODODODODOOODODODODOODOOD
Ooboboo0b0oob0o0boooobboooboooboUDod adaptive annotation O O O
0000041000000 00DO0DO0ODOODODO GO,ODOODOODOODOODO ArDOD
gobbbooooobobooobbobbuoobbooooobbbboooogboboo
S, 00obo0obobobooboo Sy0oobooooboOooDooD0obOO0obOobDOobDOoDbOoDbOoo
ooooooooooo A, 00000DO

2200000 ARODDOODOODODODOOOODOODODO

1. PARTNEROODOOOOOOOOOOODOODODDOODODDODDDODDO see-through
HMDODOOOOOOOOOobOOobOobOobOoboboobuobobooobobuoobobo
gbobobooogobobod

2. 000000000DOOCOCOO000U0ObODOCOO0ODOCOOOOOUOUOODPART-
NEROOOOOOOOOOOODOOODOObODOOobOoOoOoOobobDbOobooboo
gbobbuogoobbobbuoouoobboobbooboooboobooboobbd
gbooboogooboood

. 0budbooooboobooobooobuoobooobboboobbboobbon
gbboggbodgbbbooobodbbobobuoobboobuogbbboobobd
gbobobuoooobbbuoooo ooogbbobooooboboboooobobo

4. 0000000booObuoooobobbooobboooobbLboooobLbbooon
gbobboooobbbuoooobobuoooobobbouooobobobod

o. bbb buobbuoobbuoobbuoobobboboobooobboobood
gooboogooboood

12



GO 1 [ GO, |- =GO GO g | »>GOn

Guide Operation (k)

—— Ax Ck ’GD*—>

I
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0 4.2: The relationship between the number of dots and diameters
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O 4.3: Project the random-dots
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0 4.4: An example of 3D data extracted by the range finder
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O 4.6: Camera image of using light-striped rangefinder

O 4.7: The template images of light-striped rangefinder
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O 4.8: Camera image of using light-striped range finder
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0 4.9: A taxonomy of hand gestures[9][10] for HCI. Meaningful gestures are differentiated from
unintentional movements.
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O 4.11: CCD cameras, infrared cameras and projector
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O 4.12: Target tracking
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O 4.13: Target tracking
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0 4.14: Thinning processing
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0 4.15: Unfolding of a portable OHP device is a difficult test for a new user without consulting
the manual.
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O 4.16: OHP model
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0 4.17: A scene of 3D measurement using the random-dot stereo

O 4.18: A scene of 3D measurement using light-striped rangefinder (The principal axis is

superimposed on the image.)
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O 4.19: OHP simulation model is matched by range-finder data

4.3.2 U0O0O0OOOOOOOO
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0 4.21: An infrared image for detecting the human hand. The thinning results and the object
model are superimposed.

O 4.22: Ranging fingers
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O 4.23: Adaptive annotation by monitoring the user’s action

Guide Operation (2)

A CT@*
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Y

O 4.24: Guide Operation 2 diagram
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O 4.25: The message, “Unfold the main body” is projected.
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0 4.26: A striped light is projected to check the height of the main body.

4

0 4.27: The message, “Lift up more” is projected when the height of the main body is smaller
than model.
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0 4.28: Comparison of the profile of the main body with the model: (a) incorrect, (b) correct
operation
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0 4.29: Guide Operation diagram
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O 4.30: The message, “Slide up the head part” is projected.
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O 4.31: Guide Operation 4 diagram
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O 4.32: The head part is projected to slide up.
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O 4.33: The message, “Rotate the head part to be horizontal” is projected.

O 4.34: The state that the head part is properly rotated to be horizontal.
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O 4.35: comparison of the profile of the head part with the model : (a) incorrect, (b) correct
operation
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O A.4: Camera coordinates and world coordinate

A5 0O0O0U000ooUoobbbboooon

0(A15)00 (A19)DOD00OOOOoOoDOoOoooooooooooo X0oooooood
mO0O000000000000O0000000

A = PX (A.21)
D00 PO
P=AP;M= AR T (A.22)

gooooooo

0(A21)0 0000000000000 000O0O0O0O (perspective camera model) 0 000 P
00000000 (perspective camera matrix) 0 0 00 0000000000000 O0O0O0O
ooobooooooobooono

44



gboooboobobbobooob PO0OD0O3x4000000D0OODOO

Am= PpX (A.23)
uoboopP,0000003x4000000
P11 P12 P13 Pi4

Pp = | pa1 D2 P23 Pos (A-24)
P31 P32 P33 P34

gbobgobobo 3ax40bobopoooboboboooooboboobobobuogpPpd
gobboboooobbodad

A6 JU0U0OUOOOOOObObObObObODbODUOUOUOOOOO

000000000000000000000 [Xy, Xs, X3, Xu|7=[X,Y, Z, 1] ,[m1, ma, ms)"=[u, v, 1]”
00000000000000000000

X
U P11 P12 P13 D4 v
Al v | =] pa P2 ps pu 7 (A.25)
1 P31 P32 P33 P34 1

O
00000000000000000000000000000000000000000
000000000 X=(X,Y,Z)00000000 (uv,0)0000000
000A2000M00000X0Y0DZ00000000000000000

X
P31u — P11 P32U — P12 P33t — P13 ] v | = [ P14 — P32U 1 (A.26)
P31V — P21 P32V — P22 P33V — P23 7 P24 — P34V

gobbuoooobboooobbbuooouoobboooobboooobbobood
goboobooogooo

paiu — P11 P — pl2  pssu— pi3 X P14 — P32U
— — 122 — —
]/93171, p1,1 ]?3271, Pl %7331)/ p2/3 v | = ],924 ]7/341), (A.27)
Py —pPi11 P3pU —Pi2 P33 —Pi3 7 D14 — P 32U
p'31vl - p/21 p'32U' — p'22 p’33v’ - PI23 p'24 - pl34vl
gdooOooooooooooogooogoouooonoog
MX =b (A.28)

O00000XO0O0O0O0O0oo MOOODODODOO MtOOoooooooooooo

X =M"b (A.29)

0000000000000 000000000000000U00000 (wv)0(@W,v)00
gobbobuoogobbooooobbod

45



0 OB 0OO0000OO000OO0000000O
Jooooboon

gobbuoogoobbuooobbooobbbobbbooobbooobbboooonon
gccboooooobooboOobo0bOobOobOobOobOobDOobDOobDOobOOobDOoDOooooO
gogbobooogbon

B.1l 0O00000O0O0O0OO0OOOO0OOO

O00000000000000000000 (u,v)0(u,v) 0000000000000
O00cObOcOOOOOooon

a Ug — U
b = V1 — VU2 (B]_)
C U2UV1 — U1V2

000000000 (W, v)0

(2)-(2)(2)
oo

000000000 (X,Y,Z)00o0o0O0o0ooo0oooooooooooooooooooo
gobbboooobbbuoooobboood

u X
Y
A 1 =P B.3
v ’ (B.3)
1
1
Oo00oxOOQOOOoooopPOOOOOUOOOOUOOOOUOOO
Poo Po1 Po2 Pos
P=| po pu pi2 pi3
P20 D21 P22 P23
goono
D(B.2)(B.3)DDDu’Dv’DtDDDDDDDDDDDDDDDD
X
A( C>: <poob+p10a Po1b + pria  po2b + praa p03b+p13a> Y (B.4)
1 P20 D21 D22 D23 A
1

46



B.2 0O000O0OO0O0OO0OOO

00000000000000000000000000000000000000000
00000 (ul,v1)0 (u2,02)0000000000000000 w=(z,y,2)0000000
00000000 CChOOOO000000 (U,V)00000000000 B.10

(uz,

ul,vi)

Proj;:‘[or

coordinate

.

Camera coordinate

O B.1: Striped-light range-finder coordinates system

goobooccbobobooooboooooooooooon

(B.5)

>
—
- <
N——

I

Q
RS >

47



oO0o0O0coooooobobobooooo

Coo Co1 Co2 Co3
C= Cio C11 Ci12 C13

Co0 C21 Co2 C23

O000ONOOOOODODOODODOOoDOoOoooOoO0OB40OO0DODOOODODDODODOOOOCCDOO

gobobuooobobboooonboo

Ac Poob + p1oa  po1b + pr1a po2b + prza posb + Piza
A P20 P21 P22 P23

NU —cp3 | = Coo Co1 Co2 Co3

NV —ci3 C10 1 C12 C13
N C20 Co1 C22 C23

OoooANNOOOOO(x,y,2)0000000CCO0OOO0O0OOO

z Poob + proa — P20 porb + p11a — parc po2b + praa — paac
Yy = cooU — coo U — co cooU — co2
z coV — cio eV — e co2V — ci2

P23C — Posb — piza
co3 — p2sU
c13 — pasV

— N < 8

-1

(B.7)

g0o00o0Obooobooogoooooobo cecchobobobOooooooobooooooo

(r,y,2) 0000000

48



HREENEN

[1] Virtual reality special report, 1996. http://www.boeing.com/assocproducts/art /tech_focus.html.
[2] Viavoice 98 000 0. OO IBMODODOO, 1998.

[3] Bajura, Fuchs, and Ohbuchi. Merging virtual reality with the real world:seeing ultrasound
imagery within the patient. In Compter Graphics, Vol. 26, pp. 203-210. Proceedings of
SIGGRAPH 92, 1992.

[4] D.Drascic and P.Milgra. Stereoscopic vision and augmented reality. Scientific Computing
and Automation, Vol. 9, No. 7, pp. 31-34, June 1993.

[5] Feiner, Macltyre, and Seligmann. Knowledge-based augmented reality. Communications
of the ACM, Vol. 36, No. 7, pp. 53-62, July 1993.

[6] K.Ogawara, S.Iba, T.Tanuki, H.Kimura, and K.Tkeuchi. Recognition of human task by
attention point analysis. Vol. 3, pp. 2121-2126, Kagawa, November 2000. International
Conference on Intelligent Robot and Systems (IROS)’00.

[7] M.Nagao and T.Matsuyama. Edge preserving smoothing. In CGIP, Vol. 9, pp. 394-407,
1979.

[8] Vladimir Ivan Pavlovic. Dynamic Bayesian Networks for Information Fusion with Ap-
plication to Human-Computer Interfaces. PhD thesis, University of Illinois at Urbana-
Champaign, 1999.

[9] F. K. H. Quek. Toward a vision-based hand gesture interface. pp. 17-31. IEEE Int. Conf.
Virtual Reality Software and Technology Conf, 1994.

[10] F. K. H. Quek. Eyes in the interface. Image and Vision Computing, Vol. 13, pp. 78-91,
Augest 1995.

[11] R.T.Azuma. A survey of augmented reality. PRESENCE, Vol. 6, No. 4, pp. 355-385, 1997.

[12] S.Sato and S.Sakane. A human-robot interface using an interactive hand pointer that
projects a mark in the real work space. pp. 589-595, San Francisco, California, April 24-28
2000. IEEE International Conference on Robotics and Automation.

[13] Thad Starner and Alex Pntland. Real-time american sign language recognition from video
using hidden markov models. Technical Report 375, M.I.T Media Laboratory Perceptual
Computing Section, 1995.

49



(14 00,00.000000000000000000000000000O0000.000
000000, Vol. 16, No. 8, pp. 1091-1098, 1998.

[15] T.Sato, E.Inoue, and H.Mizoguchi. Support in situ for operation of fabrication. pp. 535—
538. ROBOMEC’95, 1995.

[16] Pierre Wellner. Interactive with paper on the digitaldesk. Communications of the ACM,
Vol. 36, No. 7, pp. 87-97, July 1993.

[17] Y.Ohta and H.Tamura. Mized Reality -merging real and virtual worlds-. Springer, 1999.

[18] Pierre Wellner, et al. 00 0000. 000000000, 00000000 1-7-7MYO
0, 199. 000 0O0.

[19) 00,00, 00. Enhanced desk 0 000 0000000000000 O0OOODODOO
O0000. In Workshop on Interactive Systems and Software (WI155°99), pp. 49-54. O O
O000O0oooo,b0oo0o000, December 1999.

200 00,00,00.0000000000000000000 enhanceddeskOO0O. 000
OO0000000000000000oO0oobboobobo0oobooon HISY, pp. 417-422.
OO00O0bOoboOoboooogog, Octobe 1999.

21 O00. 00000000000 00000000000000000O0O0. Master’s
thesis, 0O O0OO0O,0000000000O0OO00OO0O, 2000.

22 00O0.000000000O0 -DOODODOO-,0310,pp-4849. 0O0O0O, 1999.

23] D0O0O0O.0000000O0O00O0OO00OOOOOOO0O0DOOOOODODODOOOO,O
O0O000O00obDoOoOonD,09260,0 40, pp. 87-125. April 1991.

24 00DD0D0.0000000000000000O0000O000000000000000
0.000000000, Vol. 17, No. 1, pp. 48-49, 1999

25 00D0. 0000000000000 00O0O0ODO. PhD thesis, 00 O00OO0O0OOOOOOO
O,00b0bobobbobodn, May 24 1999.

260 00,00,00,00. 0000000000O0O0ODOOO. O0DOO0DOOOO0OOO, Vol
J71-D, No. 10, pp. 2059-2068, October 1988.

27 00,00,00. 00000000000 0ODOOOO0OODODOOOOOOOO-ODODOO
O0D00000000-. 0boboooooooog sCoo-4, pp- 19-22. 0000, May
2000.

[28) 0O, 00,00. 000000000 OO0O0O0O0OO0. 00000000000, Vol
J68-D, No. 5, pp. 1141-1148, 1985 1985.

20 J00O0O0O0O0OOO0ODO. 00000000 0O0ODOOO0O0OOO SPIDER-IIL. OOOOOOO
bbb ooobbooodgoon, 1986.

20



[30) 00,00,00,00.0000000000000.0000000000000000
O, pp. 279-280. 00 OO OO DO O, 1996.

31 O00O0O,000,000,0000.0000000 hmmO baggingO0OOOO0ODOOO
OO0oOoDoOobD.0oboobobooog, Vol J82-DII, pp. 1429-1434, 1999.

32 00,00,00.000000000000000000000000. 0000000
0000000000000, 0 10, pp. 397-398, September 2000.

o1



