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AR AU I P S AR b s 3 R DURRAE F P AL e A AU RS [RISN, SGdE F P 3R S O HR
S pTRe R B R E . N H A, RIS — Mo AL B 5

REANDLSIE A J 254 L2 30 SRR I 8, SR Hh Ol & 75 B A% & Bt 1R e A\ e, 1R
I A 52 B A FH P RSB A A LYK, (A5 R SIS s e s (R D0 SR Je o, BEREANERN .
%, BEE NDLIAZ H AR AN - F0 . ARG A AR TE DR OB A5 T 1 P R R AN i it
REANDLSE LA MBI AN B S, Ho 8 Bk L2 AR IR T8 oo SR 0, e N ZE =L iR s o
AVARBI G SRR AR, B2 EAT AL . AR f 1 DL A R 55 & A s X N AL Rk
FIBEATXAE Rl 8 g, R MEIR B I ERTA, 2RO N R 5%, w5 A
Z IR AT s, g st an VR T /5 A0S B, 40 [A)— AR AR — BRI R A S A — kL.

2 EUMAEFANZENFEERESREMES

AV BLI AU SR A% O — . SCHRPSR RS T H 7 AE (GUT) T2 K ) WIMP (Win-
dow, Icon, Menu, Pointer) JuX, TH5HLHIZhREREAE 1 S B Window. Icon Al Menu EJEEIR, H
JUEH Pointer #RAFIX LS BT SCI ANLAS B, IX L YRR 2 e, F 18 Sl a8 o2 2 R AE S 1
K E S YR, AL NANE], FH P AS R L R SR BT LA, SCH#E Bl 29 B & 1 52 ] R T
AELE T, AP BRI WA S BRa B 4 BUE, AP 5B OASRAZ BRI 2 =4
A AT I, X A4S 4R R A A C A BRI S R AN BLFR SR, Rk, R 4L sk
W NHLAS BT H 75 25 R B r s N 2B i S R A AT R, FLATE 5 I R A e ST K
LEHARS AT FEAL B LR AT SEIAS HAT 55 A8 HAAR S

2.1 ERIMSEAETER

TSI GG GG A BT - SR T WIMP Ju G248 724980 — SR xS
R P TR A= A v N VA S 1 N AT o ) A I P ol e/ B K (S5 X5 SN RN S I el B W e W
JURH P sz, A E MG . AT T I SE AT N R T &, X MaE B 27 oA
HIER. BN — A3k 25 0 H AR A B A A DTSR bR, T Sk B R 2R I 4 FE R A A AR A IR,
X TG E HEIX R 1 SCAS 36 S AL (1) 38 B SRR U AN 63 53 4b, FE VLS B AR P v, e
B AR AU = 4E A AT AL B ARSI AR T A, 6 T RE AT S5, 4 SRR A DA EAE.

WIMP 6 SRR IR F P S0 7 32 2 ) @ 2 22 B A N B 8 22, a0 N (AN S R 1t s B
(BFR—MER) MEBUZEE S, TR T — PP e 0w XA B IX %A 78 70 A N AE B Se AR v o 2]
BHERVER RE. AW IR G, — 222 E 42 Non-WIMP Fl Post-WIMP [ 23], 77 B 5 T
F P ST BR ), 4 s AWLAS BT 9, (A B R H 4R, M 20 tHAD 90 RS, DA=4EH] = 7
TRA G SRS P T 20 P AR N ARER I Post-WIMP S IRGE B Ry 1 1 AN 9T 1)
ol 4,

2006 4= ACM CHI W 7 N “What is the Next Generation of Human-Computer Interac-
tion?” f¥] WorkShop, A | KK T A EHIR, F| 2008 FF W AR E Jacob i THRT M
SRS H. (reality-based interaction, RBI) P, Hi{ I EAER Post-WIMP F1fi 145 —HESL K45 T 7t
%11, Jacob $2H ) RBI AEZE £ EAHE 4 NNZEIX:

o WERE A N S ) B, kbt 5] g BEEE D B L WRAEAE RN TR L A5
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o NMRBINEHiRE: SRR, NN B C G A A 8 S2 A0 A 1 42 1) 5 1k 1

o RIS H B8 NN Ja] BBl RS R B, S AE PR B A E AT S L B 7T,

ot AN S HIRE: NN PRI b F At N ()8 K 5 A N A2 LR

RBI HESE N ARG & F2 98 WL SEAT N BIANLAS B BE 2 it 7481, BIR RBI Az —Fhg—
(1978 TG B AL, (H e 45 KB AOUI SE 1 A P ST s S gt T A B U e =

M Post-WIMP 2| RBI, 3 1E 2 FEA AR WIMP AEE [ e i . A 2 e, X
HAFFEE, BUNAEG AU SE | B 50 S IX A8 B, R N 7 A B B — . [ 1), frt 230
S5 AT R o e B RS, P R R SOLE S 2R G L] JEG R L Y 22 G R AL
SEIX SRR I T4 BB IE 7 3T LA AR B RGE B iR U] RMESS, F P @Rt B 5 B IE
<t 5] (] 17 DU T USRS A BT (IR A, RAIEI S AL A 2 < ) v)7 DU Ah 7 20
U P BN FE R P Y A o7 08 X F

o B Ik N AL E M eI 5, B4 2D G EGL R BoR B,

o [F]: BN (H-2e) d8 1 A 4L S

o i H A LLEIE S 5 RGN,

o V) FH PRI FH fis v B8 52 3 TR N 22 G2 1) 0 e ot 52 .

TE RIS RG], X PUFh 7 & S F:

o Bl THE NI R LLAE Al ¥ 7 SR P 230 . s FEER T, T LR RS,

o [H]: M 22 5 KURE I SR A P BB

o Il Rl il I H R

o V. RGudEE FH i sk S Al AL AN [F] 8 70Y [ A B BN B P JR A 1) 2 T8) 5 TR B B N fil
R DIPRZa % R AP 4 X G 5 1R, EERT . flds . R F& . B IRESE.

i B ) X PR T SR RN L, X I SE R BYE . AEEE A AR
T, 7525 ) RARIAE A | 10128 P BRI AR R e 3G 72 B AR i, R 7R DU E AR 1)
LA (EREN . 1B S R FRMB) R B (B3, S, 2 RIHER) FS5hEEE T 5.
R IR ML 1A AT e SRk BE ORI AR A, RISRECH P i & BRI I sE 7 5, (H3 Rk
Tt HH 34 2 T L I A G P I8 E 9 FH BT IERL

2.2 EWISEMRERES

ME LIS TR A AR R ARE, IXPE T EAN R AL ST —4E AWLE 7 W . =
S T RE W M 5 L s REAUPA S R IR, 4R B B ARSI, R I S dme B S B U5 A AT AEAF
FE =4 B i, £ HH AT T B S0 = 4RI 51105 TV 2 9\ = 4EXT RANE = 4E 2 W12 3 (I RE,
I BEAR S R A = 22 [R] 90 2R, PRLMCR ] =452 T U7 SRS 78 70 A4 N IS SB[ AT R Be, R #0130
KN Dy HARAE R B B, DAL, T ) R AU A ) = 45 B2 RIS AHLAZ LT 7T

YR S L S AN B R A, =458 AR S =4 7 S et ik T
%0z, Bowman 45 6 WAESS o TE S5 AIAE HEOR = A2 PR B ) =482 HAR S50 N =28, 735l
FEIEFE /IR PRI RGHEH]. LRI AE S WIS, CAes. EREFTRIZERE
HARBIERES . A0 HARKIT AL HARKIRST, BAR R BIRIX R& B, Zak e HARmEH, HirEsy; &
REAE 5548 R AT Aa A B AR 7 67« A H AR B R ER B A5 AL L PR BE B, BRI E AL
R E s WEHEAT 55 Fia AR ARXT B ARIIRE B9 L WIURT7 00 2 1b 7700 . el B EER R RG 2. ST &
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Lo ONB AR B IAESS. Jorh, 2 SRS, 2R LA B AT R AR
AN, R EAE LSS, IR Bl . BeRe 75 1Bk« AT SR 4 BRAR AR 2 S ATAOIA AN
W, 2 SR KRR R B . RIS, e S 2 B AR 5%, dn 8 AE PR S 2
AL E S B E N0 AL B 2 B ARG B AR . IR B S S, REEHUES IR ML RS
A H R R GORS KA LE R G2, BIUHER RGHAT M EThRE . S EAURTE S R Seik

REANIL S A8 B RCRAR KR L _E AR BT IS AR 55, RIVEAE 35 D5 B3R AR AR 55 AL 21 EAT
A BIVET, XA 55 1K 70 2R IT 1576 18 1A S5 AISEIUAE 55 (07592, X RE AU I s AHLAS Bt
HAEERTE S8, 0T SR RIRIRES, — BIBREE SR BT, s 2 E
2 R HEAT SEVRAR IR A2 AT 55 vt Bl e SR SE B 22 ISR T o, R A PRSP 088 )
=GR AL, AT O LA PR AL KL i T RS 2 4

3 EMIEMREIRE

R e N5 B UL &R Gl ] SR A5 5, X TR S AU BLe ik R i AR . L4t
THEH LIS 557 2 AE S s — 4 R, (EL B FDUEI S 75 A P B i 0 s SRR (HT AR LR, 340, 1IRZ
REANILSEIE I B AELE s o, 7 B AR e 25 B SIS 2. AT SV ORI () . —
B R bR, LS T 2O R P SRR AR S 22 B i, DS P i 2 en th A EL . Tl
T = (W AT R FE R A IS HAE S5

3.1 WHERKE

REUIN S 2 Gt iod i LB B 1) FH Y B0 — e B UM SR B4R B R, b 8RR 23 v E IR
RN BRI E « W Ao, ZERR D HBOE DL, ] DURHE BAL 45 W8 Bk 0. 7E HE IS AHLAS B
Wit s RN AN [R] 528 ELEORIS , b AN FL25 R £ R B, IR B — Pl o2 () o gk
Ui, FELEAT H AR A RE L HAR I A2 BROR BEIE . R AU S5 B A R A F B S R A T
o R B M/ i o R

o MLOE R, AU R VA I PR A 2 WL X IR AN P AL X ek s 8 E) 7 BoRBRIEAR L Dk
FERE BT R RN Th A5 IR A8 BB /s B 45 TR LT AR — M & IR (O RS 2R % IRERTY
BENRR . IBEIEE . BIRALSEA— BE AL AR AR S . BRI SE R 7R & A S — B i
o WA . TAEG BREs, PEE BoREE . kE RS (HMD) fiEE X E/R4 (AMD) .

o AE IR, AH IR A HEMEH R AR R =4 A, 52 5% LA
i e E AL (AW A IR AL B A TT 1) BE IR, =4EA E RN AR OGS NHLR (MHNZ, &
SRZE) . ORI (FAEA M) SIAERR (IRS). B (1R59). KEHRALISDIRE (A 7 H RS
NANEAZ H, HRTF (head-related transfer function) 2R3 75 5 A7 B0 75 P b AT B 2, X P s o s
FIA BT F R e M A R). A B ) E R R R E R B AE RN BREE (R eis
HAK). SR ANAE B AR NS s i s, SV Dy AR R IE (a0 flbi )
HIEARRICR, — Al F E LA A 47 75 25 9 L it ST AR RS - IAGRALAR A AN 3D 35 J4%

o 7 /filvnt th RoR A%, KA S h 7 /v B B A SRR AR 2R R L LN B R LR S
AT RGBT, Al Hik & T DL A IR 2% R LIRS R BRI 4 7= A4
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=R EZSER.H ) /v BT BE T SIS SR S R BUT A
ST A X e 8 e RO 5 S L A SRS, (BRI S S i RS2 A TR L A I
I E] e T AR R RRR, T LA AR 75 B VR 2 TR 75

3.2 MAK#

JEDLIN S AALAZ BT H ) — A R B 03 3 A a2 M — 2H & T R N\ e, SIEBEFH 7 82 AT
SRS, HUR A B R, ST AR SE R AN T, AR 2 AR SRR A4 A\ B & 7] fit ik
P, FELLB AN E WA 55 L A B BE . RIS vh = 458 T N ¥ P LA N B U AR5
KESRIPN - INER PN LN PN -

o ANV, KBRS s — 07— DA, LA RS (7R (E B
—ANESTHITER), W T B EE TG EA S, H T S E R A2 S, F1antEs . pinch
glove [T £,

o IELLHI NV A, XA FI AR TT B ot WA SR R A% A BR R - IR 2B 1, PRER
MR OREAE . 77 M I S R R R i = RbR . BGERER S . I RITE #
EFE. NELEBFTFH Wii Remote? . $EHL. IREANL Kinect? . Leap Motion® . 3D $%{%k
RealSense 18 %,

o iBE ARG S BN, AR TR S EE A AR RS 5. XA FEAEIES WA YR
NI B i N2 AR ME R H NS i B RE S 4 Google Home® AiE % B F Amazon Echo® %%,
Google Home TlCA N B 2 s S s 1 g, AT DLER e JEHhIEE S B R E R 4. Amazon
Echo & — kS I I ) [ f IR e o, mT DAE ARG Hh 78 4 B, FH P i 05 & 42 1 RN, Amazon
Echo 2 FHTEF/EZ, ICREH H Wi, 5. A= e dan A\ v 1 00 1o A 0 v A SRR R DO R UL IR B
25 T AL E., EEH TR ] & .

o I HLI A A\ A I N L EEG 55 55 AN F I B3 3, AARAE i NeuroSky MindWave
BEOHHY . fefE o AWK Emotivinsight™ . BB L VE /) 1R & k4 BrainLink® FREAE] L 1% 1
EmotivEpoc® 4. 31X %5 B H2 A A N\ B % 1T ARy HoAh A N8 10 b 78, 2 BAE 0 BRI SE 22 B AN
A

FEREINIL S ANLAZ FL v, ot /4 AN e B 6 75 225 P8 BARAE TLROR 7R R L A\ e A
B ) Ve TR R AH LAY RORN 22 I TE A2 L2 () B HANAE . FESR b, S HARAE R BRI R, B %
JEAE HAAR R TH R 15 32 45 78 Wk B PBR A 2 75 7 29 SEIA BRI SE ek B w8, DA SR 15 5 2
NS ELHCAR I EHr i A8 T A5

1) Wii Remote. https://en.wikipedia.org/wiki/Wii_Remote.

2) Kinect. https://dev.windows.com/en-us/kinect.

3) LeapMotion. https://www.leapmotion.com.

4) Google Home. https://home.google.com.

5) Amazon Echo. https://en.wikipedia.org/wiki/Amazon_Echo.

6) NeuroSky Mindwave. http://www.neurosky.com/mindset/mindset.html.
7) http://emotiv.com/product/emotiv-insight-5-channel-mobile-eeg.

8) https://www.brainlink.com.

9) http://emotiv.com.
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4 EPRAEPHANRZERAR

NHVAS ELBASE (A 8 o 4 AT I 58 A 78 S TLAR S5 IR AR DT . D T 48 R SR it — Rl 5 A0
UUR AR, R P S 75 22 R I LA 1Ry R SIS ) PR B R R U AR v R0 P P RS54 2 A SRR AL,
E KBNS B EARAMU S =GR B R PR3 &5, S IEH S HHOR .
73 /i A5E HAR AN 22 3838 58 AR

4.1 ZHEZERFAK

YRR R A S f EE L A BT A AR T RS L, R SE = 4SS AR T 2 AR
H R, R EARSS RS, S E B A R R BT A a), PR 75 2 AR A2 B R AR . 52
g 0 ] TSI AR AE ) — S U AT LI R, FRE B L R . fE=EE H A, &
o man NABE % B0 23 TR 7 1) /S B A R R A ) 2 R R S RS g i 00 ) )84, 5 s s B A2 L
55, AFEFAE B RS T AR A BITvE. WRIE2E B RGN AN R B, o e EAf i =4k
A H. 75 30 B S 3R TR) R s Rk

LR U A2 48 B s N A B/ 3 (S 8 9 R A0\ 2 [A) vh T B & R E SR, =
T KR 77 2 B4

o JGLLHLIS (ray-casting) (910 KEy. JGLAR S HORALE F R 20 $50 50 38 AR ) R 03 5 b 17
SEER I IR 75 18] B R TR Liang 55 10 O T MR FHHE ARSI RR /N RAIEEL, 2 T FHE
FEARE B GRE 7572

o JEMTRaM. FEST-HORRAE MG h dgis P TR M &, 30T 8002 & /77 1n) i I
TR CEIERERAS). (Hlt T ANTHE TG IR BR S, M DU iR 2 R AT 44E, 9k, Poupyrev
5 D) BT AR 2R MU R B AR H GO-GO B, SRy KT8 M 400 2% 18] (¥ T S el A — 2B HF 7 25 e
BT ARV AEER T A Ay =0 020,

Ak, Wloka %5 131 4 H (AERL 3 | Z 175 H B DOF H A\ 154 B ML H1 ) Virtual Tricoder
Bargy, LAK& Bowman 55 12 32 H (1 2H & R 400 F A A AR 4R 48 5 122 B /7 X HOMER (hand-centered
object manipulation extending ray-casting) )& T E ML A2 B 7. KT 3D &2 H i UL I 5t
RO AL IZ A R T 141,

(A SR X e E & 1WA OR P SN/ S i SIS R~ NPl BURS EE 2Kt 11775 = Senl il 0 =t (1 NS 1R /5 ]
ECA) 75 1) 56 BRAE HAT 5% FEX A g 77 2y, 8 5 2R TS B 77 30, ) FH RT3 B X Fr
T, BRI N EHER TAE 225 AL FRHE SR, A R T AR SRR T BT RS A i 4. T2 SR Ra 77 vk A0 45

e WIM (worlds in miniature). Stoakley % 151 $&Hi ) WIM A2 FL M8 A OOUTF-#4F, 71 R F4 51
A 7 IR A Y T ASORY ¢ B R RS R A R AL [ A g DA A R 0032 5 O 4 3 DL, e #5 DL
TR 5 3 S AR AH SR, FEAR IR 1) SN 3 500 B HR A

o BT, Pierce 5§ U6 $2H 7 I T EEFTHAE H.Jj V%, F 2 IEARR MG =4Exf ) — A 4t
PRI, 2 T BB TR 5 4R AR RIS 5.

e Voodoo Doll. Pierce % [17] H 55— T A 2 T ARAB By 122 B 71, BRAE BT EaSHa
M HRVEX REFE DL (FROY Doll), F7sts ) — /M@ &R ERI L. F 21X Doll #4E, 5t i
Xt % Doll BRI A, M#AE5E G Doll H3hH 2. Voodoo Doll RHXNFRH, £FENATFL
TERIZHAESE (€ F P A T2 215 FF). Voodoo Doll A8 B/ X FF-E MR LR

|
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e Scaled-world grab. Mine %5 181 G5 F AR SR AMEUTIR B PLIR B Fh R = (1) i ot 2 5%, 9F
$2&H Scaled-world grab &2 B AR, HEAEE H P IR S, 375 B A T F P 0k 35 il 4
EEA, 4 P RO &R, LG5 E Bl [E1R.

o Tablet-Pen L. il /" JERIFHFA Tablet, A FHF Pen, Tablet M1 Pen FiiA7 =[] i B fR 545
IXFE Tablet AMEAEA Pen 1281122 Bt 1 HiL N Pen $4L T —4EF I L0, ] DATE =4
IREE R N 4k ST 22 EALH . X A RS £ B Szalavari 25 19 ] PIP (personal interaction
panel) &4t, Schmalsteig 25 20 A HH1iER] Pad-Pen R4E, Billinghurst 25 21 /-4 3D Palette R4t
F1 Poupyrev 25 221 /411 Virtual Notepad Z§. Virtual Notepad RGLIEHEAL T EPUR A B IIA B
5 EAER SR CRH B RAE IR A A SCA) DIRE. IR, BEE TR RE & 1038 &,
i F Pad F1F-45fitdz 1) 7 2B D AEBURAL SLf) Tablet-Pen #550, TR & B A LoxEe 77, b A fids
BRI T AR P ) R s, JF B AR W B A B BN R, G BR T R iR B BT
T BT IR, 3X 77 AR M TAE AT 2 WCHR [23~26).

o il FEMIL. Mapes 25 BT R R I EAIIZE PolyShop KRG T —FFX N ChordGloves 5%
PinchGloves HIF-E, XA FELE T E MR THaim A TRl ds, 00l 45 W 808, b1
XFPFEEA R, AR, Mapes AW F=45 8] (1) 4 i LE3d i T-48 5C15 80 T 10ig 3ok 7
THE YA EE, HONEERE TREME T AL FREFE 5 T2, N AR a2 58
AR FT M, PolyShop R HITE « B8] HHLARAE 9 B ) i &, F XU LE R AU 5 o S B
WA . R BN REERAE, M ARAGAE DRI KA IR, WF4F Palettess XUT KAT .
KT B A AR Lt 5 A Model Time 17 4%,

BBAh, FeT =4S (widget) 281, =4 BT HR . 4 RIFREHT R H TR, AR E
FAREHOR, BRI 2 T R A HAT 4.

T THI 87 ZE DA 21 7 — 2 32 B A2 BB, 1 2 = 252 B R CLE A — S ATk A AT XK EL Bl i
ERBINFH, o =4 R P AR T — S Prh TAE 29 Bk BE, BT, 4R TR EAT
FEIXFF— L6 n]

o YERAE A I A I ) . E e W 3 i T A A R SR AR R R AUL T R VO 1 ) R
W GO-GO FEAR R AL 1t Wb (1 SR ms ™ Jig 708 1 TAEVE [, (R I AR o /N5 RIARELFEA 7 (i,
N REPLTFARAE E A B ML 4 L.

o AL, AEZME ML 1 77 AT I 2 A DL T 1 A - B AR ). TR S ) WIM BAR 4
T R A 4 4 5, (B RS il 5 ot 3 55 b /N AR E AR AE )™ B o) . RN AE g i 5t o,
BT RARAF /N, FIAh, FEARTNA S TP N R B A AT BE 3 B R R AR BRI AR K, X0 /T
R ERS 313 SO0 R AR

o AP NASRAL T 2 H W, AR RIS B g Aot s X e 5 B, B ATHIAS TS
EIFRA IR R UL, OGS N, 207 0 R BCANE — 28 [l R AT 28 B SRmg, BARTT(E T
X AU SRR EX, A HE DA S0 0 AT Jie i BB S 277 a1 B AR . M Tk ik Bt 2
(R0 B, AnART PR 45 e 0k G A e 3 T 75 B FRDAF R, ) BT 28 R 3 A2 A ) i

o [T BRI A R AN R (B3 50) HBRAESR AL 7 AN TR H 3] 0 72 [h) , {H G fr 88 LT 6 B 51 4 ]
DL b5 2 8] 1 2 B OB AFAE 7). 40 Scaled-world grab ERAABENE H 2l 1 B 25 8] 4 1 LL 491, {E
TR TARE—NEe 18], By LR BedRAE oA 2 18] b ) m] W R, 534k, 355 BROTBOR A 0 e i A
a7 MR T RS EAR T AR AE 2 A E ) 2 1), (EL B 23 [R] R #E L (158 Voodoo Doll ik HY)
e CH6 WECE, T H AU EE T2 RESeI, IR &) 1 & i VG L, R fERs g —
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A i) .
o XTBIAEE T 4% 28 NAZ HAT 5wk Z 3L, 10 H %A A B2 B 515 DA S SESR T 7T
o L H IR, A8 B M3 LA KR AU G5 % A& RS S AL, I8 B AR R 2 il o 7 .
SRR HHR TR R IR S AR & A — 20 B BRI ] R, AR AR . FRATT R
LA =Y A AFAE I [ R DA PR AN 5 T T
o G I 2Z ELRRAT, TT R BT IIAE BT
o T FURE 7050 K FE NI A+ Re i NE 284 K L RL B 128 B 73, Wk XFAZ H.

4.2 FHEZEHTH

FEREANISE P B AR SRR A2 Bl AT DAVE Jy— b B S NGB T, iid R s 2 Bt S L o
TR R NARAE SGER AL (ks T B BUhR), SRA5 NAE BT LR sh L A5 B B IILE R G
PN, IR FVEMRERE N T (gesture) UL (posture, LA RS ONFH). X2 H TN E 2R
FEALI SN TT Rz —.

KTFH, Cerney 55 B G5 HH T —A W& L FHARBAKT. B WSS AR YEIZE),
AR5 B EE R B . 0 H 3R AU & N E sl s, s is shif ke oy Ba1E X ar
L e AR F- B AHEF LA B SRR RESE. BHR NSRS
R P T

Cerney NAT-HAT LURIEE I DIRE 18 F 5 DU SAE B WA A (04T 7028, WNDIRemI MR, T
oyl 3 2K Bl SR RORTEINMF AR FH. id- 5L Hld g siHE s L iR B =
XE B Fon I BN T A B HE R VBB A, 80 B B AR MRS DT 300 15 38 0 A A
e sk 5 PR AR IR R L. 10 5 B3] DL — % e AR o 1R A £ 03 O BEIRR IR B 4
TR AN 22 PR3 B2 AR ARTE S W BB 13RI, Ba 48 343 18 A (R Bay , i A2 B
FEAR o R A BT B AR S 77 AR M N 5 RETT A); 1523 e — S T E Sk SE K
NI 2 B I B IX 223443 0] R AU S A2 BTt A AR IR R, — 22 A 1 R 40
TRGA ] 7KL U Brooks FHTE VR LA AT RIZ LI B3 5. (i Flid 5 234 it
FeRN TN BY L 0518 F R B8] &

F N Z R L H i P —Fh RIS R A P R R HFAL L FEMHATSF
P (TE X B IR Rk KRG 4 1) TAE. Bolt %5 B8 7£ 1992 FEAEMATTLART I TAEY J&
F) 3D XM RINEAE. Cavazza 55 BT 4047 17 LIS 10 FR SF34, ARATT@ T 948 i T3 — A
B Z A RIE R ERAE, WIS B ERER 4 IR 3 1) 412 30 1) [ 46 2 8.

FEFH L BN A B T LRI

o BT TFEMTHAURIN. WNT-EW A IR S I EHE v DR RS 5 /R AT KRB | g o] 2 45
PN EEHAT 0T, Granit 45 B8] RAEE T E DA RMNFEFT S, BRI E. FoT LA
FAE—N 8 tHES . e AR B &, FaPE 20T DU RICE BRI F %, £l FEdmr Ll
T AN ERLTF A F 3. R T F A0 SR TR R A DL A Bk S, S5 2
TFHRAZ A 3D L HANELZYG, B EATI IR — P TR ZH 7 T AT AR A 77,

o JET R IR . T T84 35 DL R B SR E AL R, mT L v+ S AR o 2k 1R )
HHRE B 28 3. BRIOR A I Kinect B9 PR BEAIML A T AR F A8 AR T S dr PE k. Kinect
FERH—AEE 0 RGB 38 S A — ANl 8 BE I 20 AMEAZ SR SREUN ) RGB B AR B 1R,
BT R B BRI AR B8 T SRR RRE S . A RIERIR T, N T AL E
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) S FHFR A T JE At 59— AN T A SR R (1) BRER B2 £ /2 Leap Motion 101 ‘3@ FH XU H AL (1) T 45 51
BRI H FAR I R E T 00 A G G, 8 Ik SE AR B2 A R T R, P R
B NTFIE BT ERER. Leap Motion RESZILXTFMFFIZNFEAHIRER. tAk, BT Leap Motion
RN, RT3 7 3k 2% b T ERES T3 h1E. Alejandro 25 411 S 22 38 18 v fdf WA AR A4 JR Ak
LR T RN LA IR EEE T AWM LER, XF 3D FHRECHMLEIA S WKk 42, 43], B H
— BB IR £k UL SCHR [44, 45).

o JETF R, IR BE flite B i FAth 1Y) 3R 1T T DU SR A% T 48 1 Bl tRAS I, 3317 i
BINTFH. X BT R K.

o FET MR IC I FHARB A, 8 F RSB LS T (IMU) K13 F etz
BN AR IR AN AL A E B, B — D B R A i 7 VR U T34 B BT R
Wii Remotes SONY [) PS4 T4 LK K Z HUR GEFAL. Lhab, 76580 A8 o s Uk, 185 w4 oo
B R NAR BN Skl 53t i Al 5 8 AN AR 038 30, AR 3 OB 1 257 8 8 46 U IR s 2 ] B 77 il 100 LA
J% Shahidul 25 TAF 1461,

o TIAHIAR. I RESL R SRR T SO 0 R T, EAS A B2RHIshEARL, 1 Ja FE RS 4y
HT+ AR5, Google Project Soli'V) 21X —4i R F MK, MA1RAE T VUK TFHR MG S shEfR L
FH ZIEFH BFEARGBEFSA. HA A CGRT T FHERAF RN, 24825k 3 %
P, AN B R F A T LR S ik R . R R

o WIATHLEIAR. A= 552 K E)ME /A 5 Thalmic Labs HEH! ) FHE IR MYO™ | i@ id KT
B ERIE SR T S S, R GR A 1 77 VR T O i 20 FPF34.

o HUREIRFIAR. B ARG I ARG 7 8 2 — T30 R T 2 g B K 25 (A1 A BT E & () Skiin Track [47)
B, ARG AL RS RS 5 (AR P B2 A B e R 1 s 4L, T o ) 5 T i AR
ST E Rk AR I, 22, SEIAE B bk b S PR T R I Al A

FARTHRE—FMEENERLE R, 2 MBI ERAR. IR EoNRE,
FAARZH BT UL F SR I R R A By, WM ol B E . BE R, 10 1R
MRy YIS, B BAIR Kinect WEARISEERE G RERME & BI1E. (B A28 T iz AE AT G — L
) R e R

o ZFFR M. 4&F48 (midas touch) il BLZIEFHUUNRFEAREA BN NFIESHE ), Lk
HERA BN FEC T IR BE, B A R8I A 5 — A F AR R RS . xR F AL
() R G AR I R, ff X — i U@ A 2 FRFB, — R IB I 2, RS T e T3 A — b
BT, SR RGH RS T UA T34, ZREMT A0 H KRG M — A LA, 8@ e —1
TFo%, g B S S M AR T ANERDE IR, TR 7%, #0FHE— N <B4 Uk, &
AT LA R

o FHRAZHFERR, LA — AN 52 B 1 2 5 RGA BEHINH FARIE X, Xk
Jle— 5 R ZE A

o {57 T34 2 T 5 AR B FH 3 S (KR sORIE I35, P 2R B i — AN B B ) 2 )
WZ SRR BeAh, H— ARG T30l 2 s AR R RS AN E T34, K45 P ki iz

10) #7JMEE M. http://www.noitom.com.cn.

11) Google Project Soli. https://www.google.com/atap/project-soli.

12) Nuwer R. Armband adds a twitch to gesture control. New Scientist, 2013, 217 (2906): 21.
https://www.thalmic.com.
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NN

o [RFBARESMAERMEA, Hr A0S FHIISBAFHIN A, KO SEF I MBI
JEE DA R TR m iR AR AL, 1 L& B AR R U A R AS I Bl 2 4 ) i S RS e 4,
ELanH) 3D T3 AT 3D SRR U8 TS Sl T R N AR — Sl S IR AN PR R, —
REAIZ 500 RATRS AR ERAT H ATIE A RESEIN, X 75 Et— 2B IR TH SRR HRS L.

4.3 FHEHBMEEXE

B TS R B, DU e TR TR S & TR RE /0 B BoRBE i 1e 24
SRR, R AR T AHML . GPS DI EETE . BRREA . M BN M A S, ST TR
XFPREEAN AT RIS RE ) UL AANIBR T G P SIS e ) i & A B I B2 Ah, EA
B TR TR SRR =4S B A ), 08 TR /B sR I s B0 AT IE TSR A Y. A 1993
E Fitzmaurice K% Chameleon R4t 52 DIK, FE REAUL /14 5 I SIS 3 v B AR I 7 20 RFPANIR]
[T FRBR &L EMER RS P e & AR, H— RN E SR B ML SN R A b, 5%
P SIS AE B, AR DAt HE T TR sl b ) = 4558 BT AL T PR sh & 122
KRG T B P {5 B A R R A BB A i 2 E

(1) 1 7B SRy

5 R B RE e H AT 2 i — R, ARG SR S A, HAZ O AR SN SRR
A TR 5 (E B TER) A AL E Gl A B AL RS 5B L 1 T72), AR
e A5 B &3] AU S 2R IR b, JOG R ER I T P& BRI . E B BEE 2D
TEAE. 8 BiEEEM &K i T Fitzmaurice JF & Chameleon R4t, XN RGHH T 2R BEF1 B8 251
RES B4 BRI A A AL B R R AR 10 TR & 2580 & IN7E S R B0 15 B

W& T RERE 3 B IR A 1l 1 B8R I Ho B SIS RE MR R B AP 1S ik, 15 BB 4 Ky
WANWT R AR, Horb T BRI O 2 R ER TS BB ORI O, 1995 4F, B A F] ) Rekimoto
NaviCam %4t 591, ffi 223 AE TP & BN BAINL, 8127 BRER 0 7 A B (B bR 25, £ T 45
AN B UGB KU B B B R SCBURYE B (AR E R A2, NaviCam FRG8H A EFH LA H X
P . Wagner 45 B0 1= AR SRS, 5 THRE R EMIRER AT H PDA AR &R IO
B, S E N Y RIS B, 2 A E TR RIS RS, Rohs R T —EW S
fiey 57581 DLSCELAL T BRI SE ) Widgets R4, % ARG H FHLA BARNUE E M T H kK E Py
X RHIAH AR BT RE. 8 TARE R A @ A 7 E I LA 78, 383 v+ SEOEAUAE R T- R T 4R 1 S247)
(U | AR B EIAR) AL, TSI R S ) BN SO BB HOR (Magic Lens). Peephole
AR 199,600 J 55— A5 EIE B FE M. Peephole 78 F /7 Je) [l 443 HH R A0 A 2 ), e LR =A% e 2 Ik
FNTRF B AR XA FEAU AR (B B 07 B, TR FH 2 T 2B XUT- 28 FL R 5 40, AR 4 1) i B 9 2%
ZH. HTAETRERESZANEA 5HCAHE SRS & LT SO s s migs P, XK A fg
M T EENEERTE L.

—UERE I (S BB B BRI R T S A SLas, Skt b LM RE AN AT A %5, Rohs 25 01 it T8
A N BAHNLE TS & LY B BT S TR AT ST, X EE 78 TALRMAT . BH 2 B ST
Peephole 14 K5I 7E H AR KIS HRAESTRL, JEX) Fitts VANIEBEBERE N #ET T2 1E. SEiess |
X, AL T YT, Peephole A1 JEE 550G & 8 47 B PEBE. Morrison &5 62 o s B AR T S
fiit, #2tH 7 MapLens $OAR, JFild — N EETAL B 1 R AMIERR, BRI 7 P LE BR R 18 58 Bl R AT 55 1
{81 F] MapLens BRI H.
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5 BRI 1 B T R SE B NS S, ndE — L B T 19364 P RIERR 19566 (R FH 4y
VA I TR EE SR A /Al N )« T DA S T A E A A S A A — 28N . Schmalstieg 55 (67)
HRT—1FH AR ‘6 Studierstube ES, FEZ[H [1] Windows CE %3 &. 15 B i&EBFam 11
&, NP A S N AE LS A (A s A RS SR T TR TR, A i T TR B i
I, S — AT, RN BT 5ok B TV 7 5, Kk, s — P ERiaiE R, m
ok VEFE. gmIH B B SEAT S5 A T i B K Pk K.

(2) ELHEAR R EE

ER 2 =R o P ook RS R S 2 ) o/ i D0 e ol IST A2 3t VL VA= M TTB i BN RS EE SR o’ S 7 Netnl E] TN
ar. RIS BN BORIIHED ) WA AR RS BRIl T &M &, HS5 A BAAE—E
R o) A% e A B SR bR B A S QSR P A [t A B, X — [l PR 1 KB — R A5
B AE[A R A . TR TR 3 A LB s 04 2L, FH P s mT DAAS DA 7E [ 5 o B 5 Aot i o o 5,
T2 Bsh i, R ORORHR & R e B A R

5 FH T RP L& ELRERRAE R BE 3 1 — b BB 7 1 2 A5 FH SR ALz 2 2 1 1 7 =X, I AR PR I N
HESHI B TR SR b, I H T RECK B B BT 4], H2 IR T TR sh & b R
ECAIRR ], XM FEARERG IR HIEEAT 28 B AR, D T SRS AR A O 57 %, Wi 903 2 R A 2 T4 iR
BRI TR E AL T SRR B TR0 &R, fEAE IS 3)) B4R e a2 3)), AT 53
HHEARAE (bR EE i TR & BRI B R AT R SEI). Miyaoku S542H T C-Blink £ 681, il
I 2R KB BB SRE T IR R (TR N IA R B E avIa61e) Rt 5T
WU K BEHERD 2D A2 &, M sEEl Click, Grab A1 Pitch 2542 H#4E. C-Blink $iARFIH 7 FHL5#
AN E BB EOAE Ry e A I BT, (HARAE — AN in) e, 75 240 B G Sk IF HFUB7 %5 75 2 201 1) e 2,
R A B ANME. Hachet &5 (09 $E I HFFE PDA b BUFAHLANER & 528K b7 4 R U S48 B
HATIR F AT 22 1) 7 B R AR RN LIE S SR S8 BBl Sel 7 — =3 A B A, RdE
1l K B HE RE AU L SV . Hachet (7775 7 BN SEIRR B, I HXUCFHHE A, X R 7 — 22
H#4F. Ballagas fl Rohs % 7071 R H FHUAR Il 324 KB b IN B AL i i 2, THEFHFX
AR KB HE AR, BETTSEEL 745 Point & Shoot, Sweep 25— R AL AR, XAFAH T
Wi bR BT DR LRI BRI B, & SRR EL A B AIAME. BhAh, Pears 5 72 g 7K
A VR SE I TS R BE R AT, Jiang 55 (73] & F-REAHMLRT SRR S2IIL T 150 K B A 1 25 A 22 L
T3, I RN 5 KB RE TR 07 56 A2 e, T SEOGHRAE R 5 %5 (0 57 B R S IHLIze BF 125 110 O 5 5 PR A
Wang 5 ") 1] TinyMotion R fEHTFHLERMG K, KH FELIIE3) 2 70 kBl T T 3 B
P, FFRI VIR AR ERIEEE SR E LA R T/ T EE R TS . TinyMotion BEAR WA LA
FHRERAE R B %5, (B2 75 AR IRERRE B Bk AT ol e 0 N B IR AG S R A  F LA & 12 5 2 —
Tl T8 R 7715, oAt — L8235 DU SR FH & 7 40 ) DI 2 SR I T AL IR 28 3 Al B

W TFRREE MBI SRA A, Boring 55 [ 2 7 HHEAT WL # E AT HERE K
BRI RLAT 4G SR S B #2232 B Touch Projector ARG ZRANE T F RS IR N b5
HHRIBEN I TT 15, RGBS TN BAINL S i 5 e A, (AR ot B FHLb % b
ERAERT IR 1) B e A ) I FE B A ). T IX— AR NI R T B ERRSS . AT S AR N I B
LML HER. Yang 55 76 30 B A A D e FHUIR B E TH BUAr b, JFRK T LensMouse. £E
LensMouse $&fft A5 HAAR Y AEFHUAb 57 1E s 1 s 28 AR B & 0, F T B E i i L
Hook /it AR SEAE A R LRI G 3R, 8 TFHLBF R Ak 54 D) e 5 0% 26 S sl o R A2 B, XA
WA T ERIRPFRE AR, FFHEAT T — RV RE, X B A8 ELEOR A R EAT 1 1F .
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AR, BEFE Sk BN BRI D, AR TR Re R & A P 7 Bk B BN & A, W1 Gu-
genheimer %5 7] LFALBCE TE S ZE 0T, FIFH I AdSS 58 I #0E L 24 10 B 137 5%, X A R A BT 11
F-HR PP 1 ; Henrikson 25 [78) FI FH fL RS AN FH BRI 5L 1T T 2 0 & SO AR, MU T IRk 250 AN REE 31 F
¥ pad )@, FERTTEZL H P A S

M2, FRBINRAIER— R R A Z M IE MmN s, MR AEIG R se . e, 21
A J 7 DA R I8 TR A B R A T — SR SRR, A 5| Rk R 2 1 B N AR O, 1R
A BB AR A 264 T, A0 T F R a1 & AT = 4558 e R e LA JLANJ7 101 1) 1) R

o TRFEBN A RAZIRM BRG], X2 XAMESR =4 B R&RRE R —, W7 KIEIX
—RF R, BT R 22 o A8 B AR T TR B — 4R F P S ) SR ) R

o KA EREMIRA HEn, 7552 FRATHELRE 7730 Bl N A SR 5 45 A0 T- IR 5 B0 2 AR X2 30,
PSR 22 il i 48 5 F P BV R, X T T RERE 3 = 458 B S s A a1 22 00 B 1)

o FFRGHTBIAC EL RGN, 682 S v a] FH IS BEOR, s — A B BRSO 9 in) i, 4 K74
P8 = 458 B FHVE LR A 2 X

4.4 BEXEFAR

EERAZ MR BRI ATT I, EREE A FEMSERMAROR (B 2 @8 H) 456K TE K
— P E BN B AR R S, Gn SR REE Y, JCHGE P B R TR A I, E SRR
BN LS P A R R AN ER TR, EEE 2 HAERNR S ERR TP E SRR
B R FH B N GETE; SOV R R RSN R B OCAR; R SE A B AR AR 7 2. AR LIS F P ST
RS S AR BRI A8 B R Ge gz, B P I R A 1 6 R SR R AT R E
MThRE . B BB RGUIRAS. Ak, W& M9 IS AT S AR T —Fh s 51
FB B X EEH =R B RRES IR 0 JEIR0E N SE B R E . R R
(virtual annotation) F4t B0 S A FI AR R GIE 5 5\ A — AN e 40U S 7= ST e 4.

T35 2 AN TP R U2 AR WL, P A 77 Z00 15 5 S AT AT D REA —
PIRRIEL, BRI TR P i s m B, At 5 B v SO A)VR I SR ST B (il B E S B A9
TR 77 v K R AT e AR ), Bl Al F T AL il X (M 2 pLil). i Tl BRI aa k. 1%
R AT A 2 HBAE— IR SE R, A I AT DURH A R BN (g B —AMRRER IV 5 8 an 2 WA A B
ARG KXW T —MEETFRIE S, N “BIZRIUL (push-to-talk) &4t 56,

BEROEEAWF T 1EERAANEE XGRS B 7R I 2 BT R RIS ANLAS
B, B G R T AT A ALY, A AT SR e v R g R &R, RIYESS
A Fria AT Ve B R 4 TR B 2 AL & X TACE DR DIRE RN A, R 7 B i & R R R
AIRERLENS T, S 2 A P D 55 A 1 XU R Gk (R UE AR N B A T e

TE A B SR B B RN 1 8, — ST I E R A FE K Speech API, IBM ViaVoice,
Nuance F1E N RIS, BATHOE S TIREFRIVERE. G14, B 15 2 R HOR 138 2 ORI,
EE AR THGZRE K. EEMEE IR B F 648 CMU-Sphinx, HTK-Cambridge, Julius 1 RWTH
ASR %5, ITHEK, Google IREE . ZF BN & B BEX E A A& DG, K15 3 RN AR E 2 B H
AT &, H3¥R iPhone 48 WE Siri PR, JLFIrE M FHAIT N EEE B TR, HitRA
REFEHEREZ BT =M E R EE S Google Home FiEBIF Amazon Echo, X P& LRI LH 4 H
Fr48.
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4.5 J/MSEREEAR

FEOO A% G AL 5 28 BRI 358 L, kb 38 BLRE A FH P P AR B0 SR ORI, AER B A &
ANFEARKIVE R, ARG AWLF 0 7 /R it 58 HAT 3 /it 58 B A DR SIS A R — FheRe A N\ S
7=, ME RN R, EATH AR P e, VE % & e AT R P 3R i ot g 82, 5
IR 1R 7 /i 22 L0 DL B SR AE BRI L E R, S AR SR AMLAS B B R R T7 1)

fih i, S A5t AH SSHE R AL B PN IT . B T RSN i n SR A LR BN 2 i AR AL AR )
M i i O P s i s T B A 1991 2 B ] 2 U 4 HAAH AR e, VRN EOR(F S B B i) &
fire 185:861 DL K oyt T 52 A AR T 8 T8 5 2. er 87881 Spelmezan 45 189 7E W] 2 il 45 0 AL HH
AN T A B ot SO UK R VS BT AR S SR, D A (5 S ANE T S RIZ s aifETR I
A BN, IR RIFEIHE S ROR. B b5 7 i D Er K, T ) i e ) A e B R AR ST A
HIL T EEECR 2. Hoggan 55 1901 [ 5% i i ik Jak i) PO A7F 90 22 B, F1) P ik i g ot 18 o T R Ak 4 57
(1) B 5 Ml SR 8 B T AF N PR SO N RLBE. Altinsoy 55 U BFF0 T 24 B S L 10 BT A A i B, &R
SUERLIT 3L bt A S 3 AL A OB I P R B ST SR AR e E AR, I8 Jansen %5 192
P2 ) — PP EEAE A i S THD b PR SR B A R R B s R AR, Bau &5 193] $ S 1) —Fh R T rRLRGR
2 Ji BRI v S AR S R O T SRR AR T LAZ R Stone [ZRIAR 94,

H AT, FARENER )/ filbe 58 BHEORBE S WA R 3D fil e S st #825%, 85— LCD
PR B . 2 G IS — N R EI RS S LR, 4 P B b, AR s sk -
(Rt 7115 2, FF45 G Hofh 2 B b MU T F2 1A% 30 Bbf 55 DUAE B RO AR T 25 il 990, AUy
FOEA WK A B FESCTRIEIZ R E W BRI AL 96 LUK Biet 55 1970 75768 75 I il i A1 [ e s
REOBEBETHEE. Ty /o S8 BRI T — Lo AR A R b i, 451 22 L1 3 FH Ak i e A5 AR,
Immersion 2 & ff) TouchSense®fili i S 1 Hi AR, SensAble £HE 24 7 ) PHANTOM® & A1 it it 22 H. 15
2R FHATUSE AL 77 s 5t 1981 Senseg 24 F] ) Tixel ™ il 5t A5 25 H7 AT F i i BE 488 ) S (i e e T A
[T 77 i 5t 12, Tactus 2 7] BIRA 1A BF Fe BT F A4 IR F 2 AL 1 B AS IR R T ke 57 5 991 4§

4.6 ERMEZHZIBERE

ZIBELHARE-DMRGEPHSG T 2 DS EMAEE (05 L Al F1T3455) 19H
YEI7 3, e A T ASEA R R ESEEIE, A Ly B RA . 2 IEM - Fm,
R AT DA E AR A2 B 30 « T3 IR RIG . B3 A 5 EAL R Gt AT IR AR, AR
SR RE BRI ESNZ 5%, MNEIEZ 8H BT /T LA/ M2 Mo, AR E
FAN5 NI EE T, KlE AR R 1 A2 T B AR TR AT e, R AR I S8 AHLAZ T I 3
k.

Cohen &5 [0V JEILSCUGUER]: AR AEHIE & 7 A ARBE A7 20, 84 AN BE I8 s B 455 A1 Bl Ao
ZEAREG e R B A B AR, T HAE R Y B4 A A ROt IR AN AN B TE AN 2, 3RS L RUE.
Hauptmann M0 75 B ER T B BE T —ASRKIE 5 AT 485 SR BT8R BLE 2 9 A b
) TR 2 S S R A . Oviatt I 1920 ZE X0 B BEAT R AR I, G R B Al & 2 AR 2 A
58, LGP R e A P LAt IEAE, i e, A P K 2RSS T3 (8. Bowman 56 71 fig Y, 78 BRI SC
fd ) 22 0B AZ H BA a0 AR A

13) Senseg. The Senseg Tixel. http://senseg.com/technology/senseg-technology, Accessed April 1st, 2014.
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o FRARRE A L. A8 FHAN 32 N JEE AN [ A A\ EE HEAT RE AU S L, ) DA FE P BRI R By 2R
PP AT B AR 2R G2 i) 2 1) 2B AT 45, AATT AT DAAR 4 R AL B R4 B

o JHAERAMEIE. FEH AR 2 A - A0 (A 22 B NS T8 2 AR 1 A AL, el 2 24 8 H
TETRRAAA (WE S T, 20 R 5 NS 7T DU 35 5 R &,

o FOGPERATNANTE. SERRFIRERIAESS, WR A ] 20038, AN N RS, BAh, SRS
P SRR 8 ) P LA M) A A [ P38 T

o B ITHIRNIFER. {8 H 2 38 T8 22 Hn] LA A i, BRI U5 i 228 0 SRt n] e = 3 5L
A HARRCR.

N, BATREE G RSO I 2 M E R, AR B SE i) 22 30 38 22 T AN 22 38 TE
7 WA 4R TR AN A JE a3

F

IS

oy

PIA

ol

4.6.1 HAPZIBEBERXEHAR

ZIEAZ BT B ER R —MRRIEDT S 2 Bolt 1 Put-That-There R4t B4, X RGE M
THEEFMAMET NAHE (DOF) IRERG IR A, T HRSRATIHET 2D A KB ITRIaE
ANgi4E. LA Bolt JAEHE, A HIBETCE IH G 16 ZI@IEAC B — PR R, ERMIH, hT e
g SRERAH S NARIZZN ) 3D K, X Oy H 20338 S s v R At 1R B ), R AR 1 i
BRI BT PR EIEEEGREOVER I ZEIE S H 753, BRI S e 12 5
2.

Lucente 55 103 {3 I ¥ R0 ANJE TR . (RERER G, A6 BEREAE 2D SRR ATHRIER
X &, WEHL . HEZ) AL BIEEAE. LaViola [ MSVT &% 104 i FH A A E FE S 4 A P AN N\ d
TEH TR RE T AL, AR H AR A DO RHE T AL R M 3& B R A B - B, o Bt —ob
W T ZEIER A RALE X (a) TAME; (b) HRME; (o) BRI, (d) MEIERIF{£iE. Cohen ZFM
QuickSet 4t 195 LR ELTHRrR &I T Agent FIVHE 28 R, RGLM /W& G &
METFHZWEERMA, B G BEHTHESA, 05K EEBFED RS (NRL) 1L T
QuickSet [ =4EfA, JFEEKE] NRL [ EMEIZ LT & Dragon2 1, Al 16EH —4~E MK 6 DOF
flight stick ¥, T T PLREEH] L ERA L BK R A, 55 M T BRI D QuickSet JFAT
WU ARG . Latoschik 1061 of KB SECFREE T 1O 220818 52 B HEAT TR IR AL, 3R 1 2 i fE 4t
SEAZ T P FHIORE SR Sk T4 (FANT) fIZEIE R &« B AEHMELR, JForir 7 2B L h
IRER S EEZ I

FHN LB T E LT AT + R E T, BB, KT8 4 A i A\ G IE 78 R S B S 82
I 2. 5141 Koons 45 107 {§iH] 3D & T35 A& MRS IREZSE S HAEOR, SEIL 7 — MRS H R4,
AATIE & T IR 2 18 B L Oviatt 4 1081 Hik 77— R L SE 2 3838 3D MEfUTAT o4t Bl
Ui R G, WA T RO ERER AL S OB . T3] (7 MET CyberGlove FIF%) AES A, SCI
TN R S N RIS R

2B TE HE A S AT IR ) R R A5 3 A — AN B L Althoff 55 109 #3417 22 i1 R 4009 Sk
AL TR R AR AN — BE RO (AL AT R GESE AR T 2 M AN BE o (B GTR bR . B . ¥ XRAT
35 R DL B s A Bob BRI AR AVAE 55, RS A, S shaSLE M F 4. Touraine
45 (00 i 22 308 T8 READ IS AE B SRS Fp AR B IR 55, AR & T TR R S5 o H T8 BB R s . Bt
B BT T HWRN, PO v N2 IR S 2 B IE f A A5 R F I I 2% 4% 5 2 R TE IR 55
AT 2] BT, Timonen ) FLUID W H 1SR AR (U fap A e 46 O B R IR 22 3 1l R 48K
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DL — A ), JCHAE I SEIAEE S, i TR AR 2, R I 1 — S A
T H, W VRPN™ (virtual reality peripheral network) Fl OpenTracker 112 %%,

L b, U AERAE TR A TSRS R SR S AR H B VR S P P SR T DR E N — R 2 IEIE
FHH, RGEAERXK T PR T AR RS BoR 3, Wk R Ron . k% (HMD). BiT-R¢. #3)
WAANENRIIN L RGN A, IREH A SIS I EMEH 2D A1 3D &L HIR& KR, KR
G on 5 2 @A B R, T B0 G S0 RIS [F] 1 15 4% L B At R v E; fEf N L
HABES + BHAHGHAIEE R RS, 12 A R 58 BR8] 1) o4 i e, 56 [ 5He Eb vk
1 Feiner 55 18] 7E 1091 P& 7RG F P S pOMESs. Saalr, fh B80S BRI 7 /N B0 T
—NESHE BB SE AR GBS T ) G/ R Benko 55 M4 52 1 7 A8 W AEF AL HHA: 18
—MRA VORI F AP AR R 7R 230 HMD 1R BoR & M 2 Bon#R IR G ISR B, TN &
FRTA IREER AR T&, (FH%ERM 2D M 3D FHRLFFHEREAM 2D Borf 3D R ETF
M B TCEE 4. #E Benko 55 U1 {55 —ANTAE, A FEFEAIHARIEGI N Tablet PC /EATFHF
Widget, i#id Magic Lenses FeiMr SEIL 5384678, 56 2 K TIR-G IS 7T WEER [116).

Schmalstieg 5 1171 SApfit e ip [F) 34 58I S (132 B vl it FF R T 25 44 1 Studierstube R4%. sl fh &
HAEMEENZHP . Z2FHP 6. ZRREH, ZIHRKPMHAMZ BT CMERK, 1815 7 2468 H
AT RS D18 JFEE T Studierstube BATHESETF K T LA S R Grik AT SnE. (EAATTIR) 22 4 B2
P, A PR E RS B —— A IRERES B A (personal interaction
panel, PIP), /¥ & G5 HMD AR, H4Ah, Butz 25 EMMIE #4¢ 19 12— /MEA St
[TEH, 1% RGEERL T B ERER T % [E WoR4s A1 HMD, f [ 3D BUARE NN B %, SCHLES
BRI IRAE. Darken 1200 U] M2k B — S5OV B A BERIE A T REALER S 1 IR0 VR A5 4 22 T[] R

MILAT BB FEE, 203018 A8 B AR AE RE UL o A R FH = 2 il DA J LA 0] R

o S H A NI PR AR, 3 BLREA AN [F) 0 3 38 38 S N R il 1) R, A ) — IR T £E AN [R] 4 A2 B
FORZ B B Jo e 4. IbAh, A8 FOMIE )R Bt B UE B R 5 TAEMERE;

o Byt B R . X2 5@ 1) 2D ZIEEEAR N L —ADNAE Ak, A A B B A E
T R IR 1R % DA Rk A ik, (H e (5645 S5 P i R 5 Y2 7 1 4% DL IR 2 — AMEL A 7 1 ) A

o GERIRGAILE. W RN« AN ) 51 B B AR, 2 ) — AMEASIRATR IS 1 1) 7L

4.6.2 HBEXEEEME

ZIBIE RS E P R R S R R ITE AT A B, X AR B S TR . SRR N, I
Ah, ABIRFRR S RN S S A T 2 EEm . ZiE R e & RAUEIE R B, SRS B
SCH AT,

T 2 EEEAR G T 2N R, R 75 R LI S Al 22 30 18 A2 B R T DA OK R
RGPS ERE. (EAE R G I R 7R 2 LR LN Nl TE 2 A2 G R 104 (1) BARMAE; (2) JF
RAE; (3) THAL; (4) @ERIfEE. ZIBIERE F 2 M G

o FHHRNE, WFCNRHERLS . A6 25T R A NSRS 5 Zud AT Al G, Xy =0 -4 fil
AREIE R B EREGD, WiEE + Bk

o JEHARNG, MARNTE AL G, HOd R R A0 N B s B v SRR A 1 S AN N 3R
U NG B, IR YP M TACEE, WS — AR RoR. X R FEE N SR R 5 — R R BN

14) VRPN. www.cs.unc.edu/Research/vrpn, 2006.9.
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token (fF— token EATHS [HIEBARIC), F THIRAS HAE S 285, 25 T4 — KR token #EATEH fil
Ay 8o NS L TR AN A)VE = AN E IR T RlE . Token $2BFIAIHESY, Hik NAE U prisidoh. BT
HEZR | PhZE 25 Agent S5 HOHMERIHL A TRl Gl R, J5 3IRh & 3 T LA AN IR] IR 1) 220 B2 5 1)
18 A R

T MR T 5 A G i 5 0 SR S TR (O SR . AR S IR S, SR RS BRI PO 22,
B NSREmG B2 — 3, BISR A& P /(B 454 & JF Aok I DT RS i 3w 021 Nigay 25 0221 ZEAATTY
PAC-Amodeus RGH 4 T —NARITT L. AT EE T — AT LUK\ 21 2 AARE 22 18 T8 45 1) T 1)
FIRLE 515, XA G 3R A (melting-pot ) LI ATHL ISR sEms, o KRl & =280 (1) B e
(micro temporal: [F]—B ZIF= A NG B BIRALE); (2) ZBF (macro temporal: S AAE SRR
B); (3) EFCREE CRARIE S RE L R). {2 Johnston & 1231 5 VAT il X A1 € CHIH
ZIBIERA P, AR T4 — (unification-based) MIRLA J7¥E, 2 BTG 5 N AL BESRAYRSAE
SR, IR LEAFAE G5 AR AN [RGB TE NS 15 AR R DTk, & — e SR o ) Wi S i AN 4 A AE S5 14
R BRAE BBk, B SRR A 0F, BIFTER ARG RE PR e B, — Lk
THHIRER T 2 MER AT, U1 Kaise 55 124 gyt g 58 AE MBS 3D £ HELE.
& AME RIRR AT SE R, $E s TR A T . 3D FHRMSERBMFT S MGIHE Ridtir 2
JHIE LA, DAEAS [ TE (8] ByH 5 X (mutual disambiguation).

Billinghurst ££3CHR [80] H M FH I B+ A ESS 1 2 I8 IEAS Bt LRl il

o W F R NG ] T AR B ARAE fir & B il (155

o BUARELUEAT BIAR T AL N 1 T 5 A TG T 008 / 22 Bl R\

o LR SCRIRIE FI T 70 AR RSO A\

o X HLRIRE NI T B P N

o BT AR ML & — (Unification) J7i%iEMH T 2 MIEES.

FEE P, B E BB AR ST 125127 R A [412820) e [ R B v SRR BF AT
e 0131 eh R EBE | BB 1821, iR L WK W SRR AL A S A 2 i TE
R SIS T 1) 2 09T, AEA R S 1O R R, XL R Ot — P i T R ISR T
ZIBEAZ HEORRME T R R 5EA.

4.6.3 HBEXEHFERIC)

B2, ZEIE HONR RIS TR R T — 2 AR, WS RE IR R T 2 i
SR A AR R BOR CLIZHT SO HE AU A LRI AR i 2 . T A AR KPS T,
REANILSE IR 1) 25 88 A8 FLA AR W AR AR R LA J LA 5 T (1 17

o ZIHIERMES AL, REANIL I T — S AR5 048 AL/ - /8 AE M R ge s =
2K, QR EE RS AR A T IE, LA AR SO, AR BAT 5% B NG DL S B AR 2 T) ST S
KA, & REANILSE 2 8 IE A BB LA,

o DB HSCHEROR. AL, (IS e AR 2, Il 7 X I e B 8 AT 4 1
G, BEMESL G — 0 BALH]. 28 TEM AT 2R (SR SRS, RS R RS A
WS RCR RSB LB IRCR. IAh, B @IE N M L EOR B2 D EE NN E. B,
A Wb BRI L ST RAGEAT IR T, M0 HE UL S 2 38 18 52 AR it ) ORI

15) IHHER2E AN B S AR 5T AT, http://media.cs.tsinghua.edu.cn/. 2006.9.
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o ZIBMIEAL AR BB G TVE. 20008 28 B 3 S A B AN R E (Y ELAMAE DA E TE AR 55 (8 R 1ok 4R
1A LR, DR AN [R) A8 B3 A8 B S Rl 15 5 25 B R UL S A% Lo T 3 224 ) i £ SR AT
(R R 5 S50, K O e 2 S 52 LA AT

o RATHEOR. H i 2 1818 R 1058 B R 1B AR H il B =4 B R A, T — LT
i R AT 4 52 LA A W e 58 LA T I, A I e O 2 T R R ) A LR T
ZIEH A, MR AR TR, AR AP SR T AT

o B FARMI Pt &AL EHARWE ST A R i B —3A. SR A& BRI A S EROR
BEATVRAl, PPAG 45 R NS ELEOR R IR i ficde. SR MRS EEOR, R A2 H T
HAE, N2 N AR M TR, R HEAR K RE H 1.

5 MEEEINEMRZE

RIS (augmented reality, AR) #2538 BT B IE 2% o — N A A0HT BRI 04003, 38 5 A S
SR 3D REAT GBS SR I G ORI AS L, X A AR R — S A ) S [l R AL 1R TR B R
V25, VIS DLIE 2 W, Azuma TE 1997 4EA1 2001 4E%F AR BORFTH Ik £5ik [183.184],

Azuma N AR BA=AKBEN: (1) EREHE A G B SEYMER BN R, (2) KB AZH,;
(3) FLEWAAI R O R EARVE N, 4HT AR HR 75 B AR UL AR 0] R v R R AN A B ) . AR 5
TSI A2 EL, PRI A AE ELIWL K, B2 — R IR 3D F P S (3D UI). sk, 5164008
WIS AZ AR 2D A2 HAHLG, AR 8RB Wi E 75 2% 18 5 A RN LS R o458 B
THI I 22 AN A [ 8 2 (1) S 7 2 A N B 45 DA K 22 FH P B ) A

AR S98P0S B S DL R S B A B, AR E S ETE, AR RGE R R EL
SETAEBROE. AR BREESF AL . AR S4EE Pl NBRIE IR R BE « AEER:
(el 12598 ) AN ZE AR USCE AT A AR AT S, T AR 7EIX S AR ) B At 2 B v EE X AT AR
FHIH.

5.1 £T 3D EHNER AR FH

HATCA K AR Sl FZMAH 72T 3D B EAMET TUI BAhAg B KA. X8 7~
R A A ERER T B T EB 2 8. BRIER a3 5 T KR 4006 R R B A ), RN R oo
BRI IEAL Sk B L. XL R G b A EAT S5 5 R B St IR ) 3D A2 HAT S5 AR, 40 3D RE DL
X R FE /PR . RGIEHISE, RAEVF 2 9 BANASIT R A LEOR AT AR M 2] AR MAEeHh. 1K 5 1
TAE B T a7 B 56 S N5 B0, 10 Fitzmautic /431 Chameleon %24t 52 DL K Rekimoto %)
NaviCam F4t 55, N7 R 015 B3N, Bell 5 1351 48 WIM (—Ff 3D HE38 i AR: 4afit:
Fb) FARBINBX IS T o TR LSRR A = g . HoAh ) — Se R 78 3 X sbadb 47 TR 5,
Kiyokawa Z£ [ InfoPoint [136],

1 3D S H N B AR S & — N HEERF AT R O CAfEGR R I gREE
AU AR B DI AR T oA AR B, F P RENS S B 0 B A BEIA ST AT AR 57 B RE LGS
FGACH; SCRFESR . GBS TLRE T, anfa 50 R 40035, SR, XMAS B XA AZAE LA J LA (1) 3D
RESUAZ AT RS Aot S5t (2) 38 T 2 — AR oy (3) P i SO ORI G
AR A EE (RS THTYENR, TTTHBRMA RS TR R, AP HEEEREZ
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D)), IXH BT A BRI A <A A 420 .

5.2 ET TUI M AR R@

1991 4, Mark Weiser $&H T “TACANTERTHE? FOMES D37 /N AR RANZ ERTER. s
JUFLHE (TUT) 3R XA 48 A8 B R —Fh 2238, TUT & /1 Ishii A1 Ullmer 7€ CHI 1997 (£ _E4RH
[y D38 M4 TUT & XOM: 85 BoE 83 H W 3 ek A5, D aapy st 5t T LR
JUAMRE R (1) RSN BAI T RE; (2) DLSEIIE R RE R (3) i A e I +1E 5,
(4) AW EACE. Tshii 78 MIT A0S 1 TUT 75N T RE R TAES, K@ MCRpd $#24t 4
— A HAEAY 139, gl oAt — 2o S G T2 57 TUL 20 8K R HIER, W1 Kenneth [140)
F TR (Embodiment) FNFRMIF AN MR T TUL BRI R, Orit 55 141 i EEL TAC
(Token and Constraints) Yo X KIH R MG — TUI 2 H, F4 TUT 4 TR R .

TUI —Z& B, sbiEGEN S AR . BHAT, /£ AR FHHE A6 TUT 80K B —ANF T 7t #4
HLET TUL ) AR U R B =25 524 Widget S 524 AR SR AR FLTH.

L4 Widget FE. X AR ST GUI FLH 52 BIo &g SEVIML, Wit & 1T T4 B
R T H Phicons. 'EAMEH HMD o2, M2 (58 FH T s S8 0 80245 Bk M 2 T8
ZF1f L, [FIE}, Phicons & T [A— TAEFRH L. Ullmer 25 142 ) MetaDesk R 402X i —A 5
B .

S Widget ST, F P 59 BLSCY) R RN G4 B, A6 N F B3R R X — MR N\ 8 E,
XAEAE B NEY 5. AHZ I FANAE TAERTH L2 SRl 3D X%, MiAR&LE 3D 2 F L4 & L
BRI &, B, A2 BAYEBREITE 2D R b, 3 m A fese Il 2 (a2 1, e il, 7658 B A77E
“o% [ BE R ]

24 AR RHE. Billinghurst 575845 7 UM R KA MG F, 3&H 7529 AR (TAR) #r 5 H
WATBam. ScY) AR FHIAE AR EoR#s A1 TUT #2645 Ak, 2D 58 3D MU St i it B4 b
B R b A FASOEM R AR VEMHAR B REH - (BUH P iE 2 HMD - A AL 58 B S
HEFIERER). FH 5 R G A2 TR B I R AR A B B BT ok S, T AN A E i S Wiid-
get [HEEAEH]. B2 AN e RIS B S8 ., Rk, & HAASLEL T HMERF . Billinghurst
S 48] M= ()i (8] B2 AR BE T8 T BAR LA R

o FHEMFHAER. FMEH R H R ZAN K%, BAE R EAEH 168 Poupyrev 55 [144]
(1) Tiles RG> AR QIYESLH. Tiles ZEYIFEAMNL 2 — RIV A AFREABKF A, BERIR
TR THREEIE . Tiles A = Fh2RAY: ¥E Tiles #AF Tiles FZEH. Tiles. RGHE T UMb ICERESH:
AR, @it Tiles 2[RI 723 (B ALE R R LK Tiles AT n G X (Bl #EEEER G L) AT HARS
(B IR R ERAE, T2 — @ WAERT). 8T Tiles LI AR 2 LT — A RGP AE A PE R L,
R —/ME L @A TAR H 7 Amya X, e nl LA SRS iz iR

o B[]S I AT R AL, B[R] B2 48— B TEA [F B ) i B BE AR DI RE. Kato &5 [145) 1
VOMAR Z i1 iten F P R AR I 5 —is A TR Paddle SREEMEFTA X 4. Paddle &— /N
PREFFRICHIAR T, AT Re A e, R PR BS T (FEIE R R + ZEn) MBIEFH (W
®3) 5B R H. Paddle F L B A BAT % RIFAL XA R4

TAR FHH 7T HRAB B SR RS CE 3D MY smIN S Mg o i < (A1 4EES g, ok, MR NiE A

16) MIT Media Lab Tangible Media Group. http://tangible.media.mit.edu.
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[, ‘B3R T 5 R SR RS MNT 3D R, H HATEL T4 Ik, TAR
B 7 B s [A) AN B 2 ) 22 1) ) 22 ) 52 ELAE R, Xof R AU SR A #RAF mT DAAE 22 18] AR A2 B kAT, TAR
G ) BRI — R A HMD; 20y 1 BT RIS ERER, FR1C 2 AT LY.

i AR A . Billinghurst %5 1461 1) Magic Book i TR 5 I 52 BoR 48 (HAD) FILAER EF
PR B0 B AR B FCSL 500 L, SEEL 1 AT DA JCSE AT R DL 2 T o % 4% i 1Y) Wl 4 e 45 DL S 5 T
Magic Book Ft[HIF A 7 —F i S Kaiar, SR 1 TAR St yc R IF B3R 2 H 2 R AR, (EAR XS
TRESBLSE IR T SRR (B TR RER).

AR FIP7 SR A VF 2 SUSE AR R . X T ARRAESEPR BT sh IR A MR AR SR UE, JT A8 (K
N/ A EREFEOR AR EOR 2 B OCEE. BAh, BB A8 FLEOR DUE Y P S P00 SR i
RS RIEGEAZ L, B NBOGBR I AR KRB TTIT . 53— ARl FE R (45U AE AT (1 3D
AEHAARN G vk B Q] B AR B 2] AR FRfTh. fom, ££ AR SCE A NSRBI 3R 5 1 AN 5 Y
ARG T T A T R 2 RO I AR

6 [ERSREE

PAERRA 1 BRI S AHLAZ ELBOR H TR0 FORES, 858 T BB BRI R R BOR A R, B
BUSERARA TR D, JEHRE LB HARI R UL I SL 5 TN N TR RER4E &, 155
WILSA O — RO RS N TR B AT RE, XU AT IR R sk EIE ANAIAZEEOR, A
XS RE AL SR ML K 2 FEAL TR SR N CAT BRDUIRE , MEIBLSEIA 5T N AHLAZ ELIA 1 i 2 B il i 7

o JHPE IR h H AR AT S5 RS BN e 7. AR AT e AN [ SR R (% IR 2 R AR 2
BRGNS REE, e B ARG EEHEEEE S, HREFEEEES HEANBAR
AT BURZS AN SO &, B ARAT N BCIR 2 B 20 52 ARSI ), fr AT 645 S Al L SIEivd
HBAREH Z PR B ARAT N BOIRZS AORFAE BAE , 2 A R R JUL I SR 58 A2 EL IR (R A% O )

o READILSEIIENS N AT HAT 9 2 B B ) L. RS BL A% 2% =) L BRI S ROR T RALE
HE BT L a7 St R P R (R RS et DA R B2 0 s A 1) PR B AR AT AR 2 ANt s 1 1)
L PRI, An T ERAE N BRI AL, fl Gl A BN A A L B R T SRR S SRR B S
AZ HANFIRI A% Lo 17

o REAILSLAZ Tt S AT O L e R DL 5 A S S 545 SS9 A BT IR, T B R
EREAZEMN, WSS . R 2 8] vh P AR ARF A DA RN AL ) B it 2 B, o2 SRR A
PSR T A A% 0 17 i

DRI, FEARRIRA YA SR B SE AMLAS AR LLT L5 TH BE A SRk (3t -

o MBIV SE ANIAZ AL TT. & S0 S ASRIBRINLEL S 2 AR B AR AL LR 57,
BWIEHE TN Z T (W Urs il o W WR) JETEXT RIS . 3G 95 I S SR AR O A L,
KT RFIRE, JYREANILSE L SR I SC S DL 2 5 2 B A S AL BRI 1) 5 4t 7 B (i
PR SRR, SCREREAMIL SIS N AN SRA B ML KD AR A 2L S 0IF 7, W 9 22 G e it 22
UG & RVE R 9 75 0, A AR PR SRR HESH R NI SEIA BT T NSRS EAT AT SN 2 N W [R] A2 A
T, RIEFTE NSRBI IS A RREN & SR BHR, R ZIBIEL O], g B RANZ LIS
Tk

o MEMNILS AN ELALAESCBEEOR. IR AR AN FAZ O BRI A S ™ . 1RTHR RS
NRIAE L AIRTIFE R BE S AR AT Ve # RO BLTE IR AR, WA REXS T . SR PRI A\ SRIe 3T . 16
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PR AR BRARAS BB eI R B2, BT REAL . M2 AL RE P B S SR (1 BB i, SEBILT A HRAT O SR
SRR, RENMETIRDBEFATHES . T3 BEUAREIEZBIELEER, S H R
VB, SR sl FTsCa 18] v B A A RE AR SR F S it B AR XS ELBOR Wk i 1 A BR 22 TRV B PR 22 N
LB HEOR, ARERSE RIS N SR ST 6 B AUES B3 ahff. R RAET NS

B

SRR R, TR I SC I 7 I TR, 4R T NAE R A BT (1 TAE S k.

BREN R YIRAR UL KB F) S I\ R BORE 1 5 T 32 30 1) B8 07T 5 R TR ISRy, o PRI i
ILSE R GEA S HIPFIR AL TR,

o bRUE S VG UL MBI SRR LR . SR HEOR . S H B A H AR S AR 7 TH AR

HES R . i R AL SE BRE A 5 FLIBR 5 N IR 4% AR EAL.

&2k

1

10

11

12

13

14

15

16

17

18

1730

Wang C W, Gao W, Wang X R. The Theory, Implementation and Application of Virtual Reality Technology. Beijing:
Tsinghua University Press, 1996 [/JI_EYJ'?, %I, FATIC. R (E?ﬂfﬂi) RIS SEBLUR M. Jbat: JEHEKR
2R EE, 1996]

Green M, Jacob R. SIGGRAPH’90 workshop report: software architectures and metaphors for non-WIMP user
interfaces. Comput Graph, 1991, 25: 229-235

van Dam A. Post-WIMP user interface. Commun ACM, 1997. 40: 63-67

Dong S H, Wang J, Dai G Z. Human-Computer Interaction and Multi Model User Interface. Beijing: Science Press,
1999 [¥E g, £, WES. ANIZHMZ@EIEM )7 . dbat: BRa i, 1999]

Jacob R J K, Girouard A, Hirshfield L M, et al. Reality-based interaction: a framework for Post-WIMP interfaces.
In: Proceedings of ACM CHI, Florence, 2008. 201-210

Bowman D, Kruijff E, LaViola J, et al. 3D User Interface: Theory and Practice. Boston: Addison-Wesley Professional,
2004

LaViola J, Zeleznik R. Flex and pinch: a case study of whole hand input design for virtual environment interaction.
In: Proceedings of the 2nd IASTED International Conference on Computer Graphics and Imaging, California: Palm
Springs, 1999. 221-225

Lin C P, Wang C Y, Chen H R, et al. RealSense: directional interaction for proximate mobile sharing using built-in
orientation sensors. In: Proceedings of the 21st ACM International Conference on Multimedia, Barcelona, 2013.
T77-780

Mine M. Virtual environment interaction techniques. UNC Chapel Hill CS Dept: Technical Report TR95-018. 1995
Liang J, Green M. Jdcad: a highly interactive 3D modeling system. In: Proceedings of 3rd Interrnational Conference
on CAD and Computer Graphics, Beijing, 1994. 499-506

Poupyrev I, Billinghurst M, Weghorst S, et al. Go-Go interaction technique: non-linear mapping for direct manipu-
lation in VR. In: Proceedings of UIST, Seattle, 1996. 79-80

Bowman D, Hodges L. An evaluation of techniques for grabbing and manipulating remote objects in immersive virtual
environments. In: Proceedings of Symposium on Interactive 3D Graphics, Providence, 1997. 35-38

Wloka M, Greenfield E. The virtual tricorder: a uniform interface for virtual reality. In: Proceedings of UIST,
Pittsburgh, 1995. 39-40

Janzen I, Rajendran V K, Booth K S. Modeling the impact of depth on pointing performance. In: Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems, San Jose, 2016. 188-199

Stoakley R, Conway M, Pausch R. Virtual reality on a Wim: interactive worlds in miniature. In: Proceedings of
ACM CHI, Denver, 1995. 265-272

Pierce J, Forsberg A, Conway M, et al. Image plane interaction techniques in 3D immersive environments.
In: Proceedings of Symposium on Interactive 3D Graphics, Providence. 1997. 39-43

Pierce J, Stearns B, Pausch R. Two handed manipulation of Voodoo Dolls in virtual environments. In: Proceedings
of Symposium on Interactive 3D Graphics, Atlanta, 1999. 141-145

Mine M, Brooks F, Sequin C. Moving objects in space: exploiting proprioception in virtual-environment interaction.
In: Proceedings of SIGGRAPH, Los Angeles, 1997. 19-26



FHEEY FEERE B 466 B 12 4

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44
45

Szalavari Z, Gervautz M. The personal interaction panel — a two-handed interface for augmented reality. Comput
Graph Forum, 1997, 16: 335-346

Schmalsteig D, Encarnacao L, Szalzvari Z. Using transparent props for interaction with the virtual table. In: Pro-
ceedings of Symposium on Interactive 3D Graphics, Atlanta, 1999. 147-154

Billinghurst M, Baldis S, Matheson L, et al. 3D pallette, a virtual reality content creation tool. In: Proceedings of
VRST, Lausanne, 1997. 155-156

Poupyrev I, Tomokazu N, Weghorst S. Virtual notepad: handwriting in immersive VR. In: Proceedings of VRAIS,
Atlanta, 1998. 126-132

Nancel M, Chapuis O, Pietriga E, et al. High-precision pointing on large wall displays using small handheld devices.
In: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, Paris, 2013. 831-840

Olivier C, Bezerianos A, Frantzeskakis S. Smarties: an input system for wall display development. In: Proceedings
of the 32nd Annual ACM Conference on Human Factors in Computing Systems, Toronto, 2014. 27632772
Fakourfar O, Ta K, Tang R, et al. Stabilized annotations for mobile remote assistance. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, San Jose, 2016. 1548-1560

Pick S, Puika A S, Kuhlen T W. SWIFTER: design and evaluation of a speech-based text input metaphor for
immersive virtual environments. In: Proceedings of 2016 IEEE Symposium on 3D User Interfaces, Greenville, 2016.
109-112

Mapes D, Moshell J. A two-handed interface for object manipulation in virtual environments. Presence: Teleop Virt
Environ, 1995, 4: 403-416

Conner B, Snibbe S, Herndon K, et al. Three-dimensional widgets. In: Proceedings of Interactive 3D Graphics
Symposium, Cambridge, 1992. 183-188

Arun K, Joseph J, LaViola J. Exploring 3D user interface technologies for improving the gaming experience.
In: Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems, Seoul, 2015. 125-134
Cerney M M, Vance J M. Gesture recognition in virtual environments: a review and framework for future development.
Towa State University Human Computer Interaction Technical Report ISU-HCI-2005-01. 2005

Cadoz C. Les Realites Virtuelles. Dominos: Flammarion, 1994

McNeill D. Hand and Mind: What Gestures Reveal About Thought. Chicago: University of Chicago Press, 1992
Brooks J F P. Grasping reality through illusion: interactive graphics serving science. In: Proceedings of ACM CHI,
Washington, 1988. 1-11

Bolt R A. Put-that-there: voice and gesture at the graphics interface. In: Proceedings of ACM SIGGRAPH Computer
Graphics, New York, 1980. 262-270

McGuire R M, Hernandez R J, Starner T, et al. Towards a one-way American sign language translator. In: Proceed-
ings of the 6th IEEE International Conference on Automatic Face and Gesture Recognition, Paris, 2004. 620-625
Bolt R A, Herranz E. Two-handed gesture in multi-modal dialog. In: Proceedings of the ACM Symposium on User
Interface Software and Technology, Monteray, 1992. 7-14

Cavazza M, Pouteau X, Pernel D. Multimodal communication in virtual environments. Adv Hum Factor, 1995, 20:
579-604

Granit L, Simon J, Elisabeth L, et al. A sliding window approach to natural hand gesture recognition using a custom
data glove. In: Proceedings of IEEE Symposium on 3D User Interfaces, Greenville, 2016. 81-90

Zhang Z. Microsoft kinect sensor and its effect. In: Proceedings of IEEE. Piscataway: IEEE, 2012. 4-10

Potter L E, Araullo J, Carter L. The leap motion controller: a view on sign language. In: Proceedings of the 25th
Australian Computer-Human Interaction Conference: Augmentation, Application, Innovation, Collaboration. New
York: ACM, 2013. 175-178

Alejandro J, Nicu S. Multimodal human computer interaction: a survey. In: Proceedings of IEEE International
Workshop on Human Computer Interaction in Conjunction with ICCV, Beijing, 2005. 1-15

LaViola J J. An introduction to 3D gestural interfaces. In: Proceeding ACM SIGGRAPH 2014 Courses, Vancouver,
2014. Article No. 25

LaViola J J. 3D gestural interaction: the state of the field. ISRN Artif Intell, 2013: 514641

Porta M. Vision-based user interfaces: methods and applications. Int J Hum Comput Stud, 2002, 57: 27-73
Pavlovic V I, Sharma S, Huang T S. Visual interpretation of hand gestures for human computer interaction: a review.
IEEE Trans Pattern Anal Mach Intell, 1997, 19: 677—695

1731



FRRZESE: B BLSE AL HLLRIR

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

1732

Shahidul I, Ionescu B, Gadea C, et al. Full-body tracking using a sensor array system and laser-based sweeps.
In: Proceedings of IEEE Symposium on 3D User Interfaces, Greenville, 2016. 71-80

Zhang Y, Zhou J, Laput G, et al. Skintrack: using the body as an electrical waveguide for continuous finger tracking
on the skin. In: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, San Jose, 2016.
14911503

Arun K, Joseph J, LaViola J. Exploring the usefulness of finger-based 3D gesture menu selection. In: Proceedings of
the 32nd Annual ACM Conference on Human Factors in Computing Systems, Toronto, 2014. 1093-1102

Hinckley K, Pierce J, Sinclair M, et al. Sensing techniques for mobile interaction. In: Proceedings of UIST, California,
2000. 91-100

Zhou F, Duh H B, Billinghurst M. Trends in augmented reality tracking, interaction and display: a review of ten
years of ISMAR. In: Proceedings of the 7th International Symposium on Mixed and Augmented Reality, Washington,
2008. 193-202

Abowd G D, Iftode L, Mitchell H. The smart phone: a first platform for pervasive computing. IEEE Pervas Comput,
2005, 4: 18-19

Fitzmaurice G W. Situated information spaces and spatially aware palmtop computers. Commun ACM, 1993, 36:
39-49

Michael R. Linking Physical and Virtual Worlds with Visual Markers and Handheld Devices. Dissertation for Ph.D.
Degree. Zurich: Swiss Federal Institute of Technology, 2005

Fitzmaurice G W, Zhai S, Chignell M. Virtual reality for palmtop computers. ACM Trans Inform Syst, 1993, 11:
197-218

Rekimoto J, Nagao K. The world through the computer: computer augmented interaction with real world environ-
ments. In: Proceedings of the 8th Annual ACM Symposium on User Interface and Software Technology, Pittsburgh,
1995. 29-36

Wagner D, Schmalstieg D. First steps towards handheld augmented reality. In: Proceedings of the 7th IEEE Inter-
national Symposium on Wearable Computers, Sardinia, 2003. 127-135

Rohs M. Visual code widgets for marker-based interaction. In: Proceedings of IEEE International Conference on
Distributed Computing Systems Workshops, Columbus, 2005. 506-513

Rohs M, Gfeller B. Using camera-equipped mobile phones for interacting with real-world objects. Adv Pervas Comput,
2004, 176: 265271

Yee K P. Peephole displays: pen interaction on spatially aware handheld computers. In: Proceedings of ACM CHI,
Florida, 2003. 1-8

Mehra S, Werkhoven P, Worring M. Navigating on handheld displays: dynamic versus static peephole navigation.
ACM Trans Comput Hum Interact, 2006, 4: 448-457

Rohs M, Antti O. Target acquisition with camera phones when used as magic lenses. In: Proceedings of ACM CHI,
Florence, 2008. 1409-1418

Morrison A, Oulasvirta A, Peltonen P, et al. Like bees around the hive: a comparative study of a mobile augmented
reality map. In: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, Boston, 2009.
1889-1898

Reitmayr G, Drummond T. Going out: robust model-based tracking for outdoor augmented reality. In: Proceedings
of 5th IEEE and ACM International Symposium on Mixed and Augmented Reality, Minnesota, 2006. 109-118
Miyashita T, Meier P, Tachikawa T, et al. An augmented reality museum guide. In: Proceedings of the 7th IEEE
and ACM International Symposium on Mixed and Augmented Reality, San Francisco, 2008. 103-106

Henrysson A, Billinghurst M, Ollila M. Face to face collaborative AR on mobile phones. In: Proceedings of the 4th
IEEE and ACM International Symposium on Mixed and Augmented Reality, Vienna, 2005. 80—89

Wagner D, Barakonyi I. Augmented reality Kanji learning. In: Proceedings of IEEE International Symposium on
Mixed and Augmented Reality, Tokyo, 2003. 335-336

Schmalstieg D, Wagner D. Experiences with handheld augmented reality. In: Proceedings of IEEE International
Symposium on Mixed and Augmented Reality, Cambridge, 2007. 3-18

Miyaoku K, Higashino S, Tonomura Y. C-Blink: a hue-difference-based light signal marker for large screen interaction
via any mobile terminal. In: Proceedings of ACM Symposium on User Interface Software and Technology, New
Mexico, 2004. 147-156



FHEEY FEERE B 466 B 12 4

69

70

71

72
73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

Hachet M, Pouderousx J, Guitton P. A camera-based interface for interaction with mobile handheld computers.
In: Proceedings of Symposium on Interactive 3D Graphics and Games, New York, 2005. 65-72

Ballagas R, Borchers J, Rohs M, et al. The smart phone: a ubiquitous input device. IEEE Pervas Comput, 2006, 5:
70-77

Rafael B, Michael R, Jennifer G, et al. Sweep and point & shoot: phonecam based interactions for large public
displays. In: Proceedings of ACM CHI, Protland, 2005. 1200-1203

Pears N, Jackson D C. Smart phone interaction with registered display. IEEE Pervas Comput, 2009, 8: 14-21
Jiang H, Ofek E, Moraveji N, et al. Direct pointer: direct manipulation for large-display interaction using handheld
cameras. In: Proceedings of ACM CHI, Montréal, 2006. 22-27

Wang J, Zhai S, Canny J. Camera phone based motion sensing: interaction techniques, applications and performance
study. In: Proceedings of ACM Symposium on User Interface Software and Technology, Montreux, 2006. 101-110
Sebastian B, Dominikus B, Andreas B, et al. Touch projector: mobile interaction through video. In: Proceedings of
ACM CHI, Atlanta, 2010. 10-15

Yang X D, Edward M, David M, et al. LensMouse: augmenting the mouse with an interactive touch display.
In: Proceedings of ACM CHI, Atlanta, 2010. 10-15

Gugenheimer J, Dobbelstein D, Christian W, et al. FaceTouch: enabling touch interaction in display fixed Uls for
mobile virtual reality. In: Proceedings of the 29th Annual Symposium on User Interface Software and Technology,
Tokyo, 2016. 49-60

Henrikson R, Araujo B, Chevalier F, et al. Multi-device storyboards for cinematic narratives in VR. In: Proceedings
of the 29th Annual Symposium on User Interface Software and Technology, Tokyo, 2016. 787-796

Bowman D, Rhoton C, Pinho M. Text input techniques for immersive virtual environments: an empirical comparison.
In: Proceedings of the Human Factors and Ergonomics Society Annual Meeting, Maryland, 2002. 2154-2158
Billinghurst M. Put that where? voice and gesture at the graphics interface. In: Proceedings of ACM SIGGRAPH
Computer Graphics, Orlando, 1998. 60-63

McTear M F. Spoken dialogue technology: enabling the conversational interface. ACM Comput Surv, 2004, 34:
90-169

Gosselin F, Andriot C, Savall J, et al. Large workspace haptic devices for human-scale interaction: a survey.
In: Proceedings of 6th International Conference on Haptics: Perception, Devices and Scenarios, Heidelberg, 2008.
523-528

Schétzle S, Hulin T, Preusche C, et al. Evaluation of vibrotactile feedback to the human arm. In: Proceedings of
EuroHaptics, Paris, 2006. 577-560

Cassinelli A, Reynolds C, Ishikawa M. Augmenting spatial awareness with haptic radar. In: Proceedings of the 10th
IEEE International Symposium on Wearable Computers, Minnesota, 2006. 61-64

Ross D A, Blasch B B. Wearable interfaces for orientation and wayfinding. In: Proceedings of the 4th International
ACM Conference on Assistive Technologies, Arlington, 2000. 193-200

van Erp J B F, van Veen H A H C. Vibro-tactile information presentation in automobiles. In: Proceedings of
Eurohaptics, Minnesota, 2001. 99-104

van Veen H A H C, van Erp J B F. Tactile information presentation in the cockpit. In: Proceedings of Haptic
Human-Computer Interaction. Berlin: Springer Berlin Heidelberg, 2001. 174-181

Gemperle F, Ota N, Siewiorek D. Design of a wearable tactile display. In: Proceedings of 5th International Symposium
on Wearable Computers, Argentina, 2001. 5-12

Spelmezan D, Jacobs M, Hilgers A, et al. Tactile motion instructions for physical activities. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, Boston, 2009. 2243-2252

Hoggan E, Brewster S A, Johnston J. Investigating the effectiveness of tactile feedback for mobile touchscreens.
In: Proceedings of ACM CHI, Florence. 1573-1582

Altinsoy M E, Merchel S. Audiotactile feedback design for touch screens. In: Proceedings of Haptic and Audio
Interaction Design. Berlin: Springer Berlin Heidelberg, 2009. 136-144

Jansen Y, Karrer T, Borchers J. MudPad: tactile feedback and haptic texture overlay for touch surfaces. In: Pro-
ceedings of ACM International Conference on Interactive Tabletops and Surfaces, Pittsburgh, 2010. 11-14

Bau O, Poupyrev I, Israr A, et al. TeslaTouch: electrovibration for touch surfaces. In: Proceedings of the 23rd
Annual ACM Symposium on User Interface Software and Technology, California, 2010. 283-292

1733



FRRZESE: B BLSE AL HLLRIR

94

95

96

97

98

99

100

101

102
103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

1734

Stone R J. Haptic feedback: a brief history from telepresence to virtual reality. In: Proceedings of Haptic Human-
Computer Interaction. Berlin: Springer Berlin Heidelberg, 2001. 1-16

Hrvoje B, Christian H, Sinclair M, et al. NormalTouch and texture touch: high-fidelity 3D haptic shape rendering
on handheld virtual reality controllers. In: Proceedings of the 29th Annual Symposium on User Interface Software
and Technology, Tokyo, 2016. 717-728

Kikin G E. Light-induced shape-memory polymer display screen. U.S. Patent 8279200. 2012

Biet M, Giraud F, Lemairesemail B. Squeeze film effect for the design of an ultrasonic tactile plate. IEEE Trans
Ultrason Ferr Freq Contr, 2007, 54: 2678-2688

Massie T H, Salisbury K J. The phantom haptic interface: a device for probing virtual objects. In: Proceedings
of the ASME Winter Annual Meeting, Symposium on Haptic Interfaces for Virtual Environment and Teleoperator
Systems. Amsterdam: IOS Press, 1994. 295-300

Karlin S. Tactus technology [Resources Start-Ups]. IEEE Spectrum, 2013, 50: 23

Cohen P R, Dalrymple M, Moran D B, et al. Synergistic use of direct manipulation and natural language.
In: Proceedings of ACM SIGCHI Bulletin, Austin, 1989. 227-233

Hauptmann A G. Speech and gestures for graphic image manipulation. In: Proceedings of ACM SIGCHI Bulletin,
Austin, 1989. 241-245

Oviatt S. Multimodal interactive maps: designing for human performance. Hum Comput Interact, 1997, 12: 93-129
Lucente M, Zwart G J, George A. Visualization space: a testbed for deviceless multimodal user interfaces. In:
Proceedings of AAAI Spring Symposium on Intelligent Envrionments. Menlo Park: AAAI Press, 1998. 87-92
Laviola, J. MSVT: a virtual reality-based multimodal scientific visualization tool. In: Proceedings of IASTED
International Conference on Computer Graphics and Imaging, Innsbruck, 2000. 1-7

Cohen P R, Johnston M, McGee D R. et al. QuickSet: multimodal interaction for distributed applications.
In: Proceedings of International Multimedia Conference. New York: ACM Press, 1997. 31-40

Latoschik M E. A gesture processing framework for multimodal interaction in virtual reality. In: Proceedings of
International Conference on Computer Graphics, Camps Bay, 2001. 95-100

Koons B D, Sparrell C J, Thorisson K R. Integrating simultaneous input from speech, gaze, and hand gestures.
In: Proceedings of AAAT Workshop on Intelligent Multimedia Interfaces, Anaheim, 1993. 257-276

Oviatt S L, Cohen P R, Wu L, et al. Designing the user interface for multimodal speech and gesture applications:
state-of-the-art systems and research directions. Hum Comput Interact, 2000, 15: 263-322

Althoff F, McGlaun G, Schuller B, et al. Using multimodal interaction to navigate in arbitrary virtual vrml worlds.
In: Proceedings of Workshop on Perceptive User Interfaces, Florida, 2001. 1-8

Touraine D, Bourdot P, Bellik Y, et al. A framework to manage multimodal fusion of events for advanced interactions
within virtual environments. In: Proceedings of the Workshop on Virtual Environments, Barcelona, 2002. 159-168
Ilmonen T, Kontkanen J. Software architecture for multimodal user input-Fluid. In: Proceedings of ERCIM Workshop
on User Interfaces for All, Heidelberg, 2002. 319-338

Reitmayr G, Schmalstieg D. An open software architecture for virtual reality interaction. In: Proceedings of ACM
Symposium on Virtual Reality Software and Technology, Alberta, 2001. 47-54

Feiner S, Shamash A. Hybrid user interfaces: breeding virtually bigger interfaces for physically smaller computers.
In: Proceedings of ACM Symposium on User Interface Software and Technology, Hilton Head, 1991. 9-17

Benko H, Ishak E W, Feiner S. Cross-dimensional gestural interaction techniques for hybrid immersive environments.
In: Proceedings of IEEE Virtual Reality Annual International Symposium, Bonn, 2005. 209-216

Benko H, Ishak E W, Feiner S. Collaborative mixed reality visualization of an archaeological excavation. In: Pro-
ceedings of the International Symposium on Mixed and Augmented Reality, Arlington, 2004. 132-140

Huang J, Han D Q, Chen Y N, et al. A survey on human-computer interaction in mixed reality. J Comput Aided
Des Comput Graph, 2016, 28: 869-880 [3{idf, Bi 47T, BR¥khe, . IREGISLHPANA LLER. HH L&
5 K54, 2016, 28: 869-880)

Schmalstieg D, Fuhrmann A, Hesina G, et al. The studierstube augmented reality project. Presence Teleop Virt
Environ, 2002, 11: 33-54

Schmalstieg D, Fuhrmann A, Hesina G. Bridging multiple user interface dimensions with augmented reality.
In: Proceedings of IEEE and ACM International Symposium on Augmented Reality, Munich, 2000. 20—29

Butz A, Hollerer T, Feiner S, et al. Enveloping users and computers in a collaborative 3D augmented reality.



FHEEY FEERE B 466 B 12 4

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137
138

139

140

141

142

143

144

In: Proceedings of IEEE International Workshop on Augmented Reality, San Francisco, 1999. 35-44

Darken R P, Durost R. Mixed-dimension interaction in virtual environments. In: Proceedings of the ACM Symposium
on Virtual Reality Software and Technology, New York, 2005. 38-45

Vuurpijl L G, Bosch L T, Ruiter J D, et al. Overview of the state of the art in fusion of speech and pen input.
Technical Report IST02001-32311, 2002

Nigay L, Coutaz J. A generic platform for addressing the multimodal challenge. In: Proceedings of Conference on
Human Factors in Computing Systems, Denver, 1995. 98—-105

Johnston M, Cohen P R, McGee D, et al. Unification-based multimodal integration. In: Proceedings of the 35th
Annual Meeting of the Association Far Computational Linguistics, Madrid, 1997. 1-8

Kaiser E, Olwal A, McGee D, et al. Mutual dissambiguation of 3D multimodal interaction in augmented and virtual
reality. In: Proceedings of the 5th International Conference on Multimodal Interfaces, Vancouver, 2003. 12-19

Li J, Tian F, Wang W X, et al. A multimodal interaction system for children. J Software, 2002, 13: 1846-1851 [7%
&, HEFE, TEE, & WRJLENZIEELE RS, A4S, 2002, 13: 1846-851]

Ao X, Li J F, Wang X G, et al. Structuralizing digital ink for efficient selection. In: Proceedings of the ACM
International Conference on Intelligent User Interfaces, Sydney, 2006. 148-155

Wang L, FuY G, JiL E, et al. A layout system by two handed manipulation based on constraints. J Comput Aided
Des Comput Graph, 2006, 18: 1243-1249 [F5%, fIKRI, &R, . BT ARE XWNFLZ T RMARAR. it
LT 5 BS54, 2006, 18: 1243-1249)

Lin Y M, Dong S H. The realization of algorithm and software platform. Chin J Comput, 2000, 23: 90-94 [ﬂimﬁﬂ,
L. ZIMIER S VAP E FISEE. THEALER 2000, 230 90-94)

PuJ T, Wang Y, Chen W G, et al. FreeVoieeCAD — a multi-modal user interface prototype system. J Comput Res
Develop, 2003, 40: 1382-1388 [ &¥%, T, BR3C) ™, %5 ZEEH F A HE A RS FreeVoiceCAD. M HALHF A5
I, 2003, 40: 1382-1388]

Chen Y Q, Gao W, Liu J F, et al. Multi-model behavior synchronizing prosody model in sign language synthesis.
Chin J Comput, 2006, 29: 822-827 [FRafak, @3¢, XIER, & FHARTNZEAAT NI FEBREL. HEHL
&, 2006, 29: 822-827]

Wang Z Q, Gao W. A method to synthesize Chinese sign language based on virtual human technologies. J Software,
2002, 13: 2051-2056 [TIKIHE, 3. BT RN A AR EFES BT AR, 2002, 130 2051-2056]
Zeng X Y, Lu P, Zhang M T, et al. A multi-modal game player interface system based on video and speech. J
Comput Aided Des Comput Graph, 2005, 17: 2353-2358 [ 7K, B, SRR, . TS S Y £ i
M S R, THENU BT S ETE S22 4R, 2005, 17: 23532358

Azuma R T. A survey of augmented reality. J Presence: Teleop Virt Environ, 1997, 6: 355-385

Azuma R Y, Baillot R. Behringer S, et al. Recent advances in augmented reality. IEEE Comput Graph Appl, 2001,
21: 34-47

Bell B, Hollerer T, Feiner S. An annotated situation-awareness aid for augmented reality. In: Proceedings of ACM
Symposium on User Interface Software and Technology, Paris, 2002. 213-216

Kiyokawa K, Kurata Y, Ohno H. An optical see-through display for mutual occlusion of real and virtual environments.
In: Proceedings of International Symposium on Augmented Reality, Munich, 2000. 60-67

Weiser M. The computer for the twenty-first century. IEEE Pervas Comput, 2002, 3: 19-25

Ishii H, Ullmer B. Tangible bits: towards seamless interfaces between people, bits and atoms. In: Proceedings of
ACM CHI, Atlanta, 1997. 234-241

Ullmer B. Ishii H. Emerging frameworks for tangible user interfaces. IBM Syst J, 2000, 9: 915-931

Kenneth P. Fishkin: a taxonomy for and analysis of tangible interfaces. Pers Ubiquit Comput, 2004, 8: 347-358
Orit S, Nancy L, Eduardo H, et al. The TAC paradigm: specifying tangible user interfaces. Pers Ubiquit Comput,
2004, 8: 359-369

Ullmer B, Ishii H. The metaDESK: models and prototypes for tangible user interfaces. In: Proceedings of ACM
Symposium on User Interface Software and Technolog, Alberta, 1997. 223-232

Billinghurst M, Poupyrev I, Kato H, et al. Mixing realities in shared space: an augmented reality interface for
collaborative computing. In: Proceedings of the IEEE International Conference on Multimedia and Expo, New York,
2000. 1641-1644

Poupyrev I, Tan D S, Billinghurst M, et al. Tiles: a mixed reality authoring interface. In: Proceedings of 7th

1735



FRRZESE: B BLSE AL HLLRIR

Conference on Human-Computer Interaction, Netherlands, 2001. 334-341

145 Kato H, Billinghurst M, Poupyrev I, et al. Tangible augmented reality for human computer interaction. J Soc Art
Sci, 2002, 1: 97-104

146 Billinghurst M, Kato H, Poupyrev I. The magicbook: a transitional AR interface. Comput Graph, 2001, 25: 745-753

A survey on human-computer interaction in virtual reality
Fengjun ZHANG!2* Guozhong DAI' & Xiaolan PENG!

1 Beijing Key Laboratory of Human-Computer Interaction, Institute of Software, Chinese Academy of Sciences,
Beijing 100190, China;

2 State Key Laboratory of Computer Science, Institute of Software, Chinese Academy of Sciences, Beijing 100190,
China

*E-mail: fengjun@iscas.ac.cn

Abstract Human computer interaction is one of the core technologies of virtual reality, which has an impor-
tant significance on promoting the widely use of virtual reality and improving the user experience. Due to the
development of various sensors and hardwares, human computer interaction technology in virtual reality has
made remarkable progress. This paper firstly introduces the paradigm of human computer interaction in virtual
reality, and then makes a summary about the main research contents and development trends of various virtual
reality and augmented reality technologies, including 3D interaction, hand gesture interaction, handheld devices
interaction, speech interaction, haptic interaction and multimodal interaction. Finally, the paper proposes some
existing problems that need to be further studied.

Keywords virtual reality, augmented reality, human-computer interaction, user interfaces, 3D, gesture recog-
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