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Augmented semi-virtual reality cockpit technology

TANG Yong, GU Hong-bin, LI Peng

(School of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, Jiangsu, China)

Abstract; In order to enhance the visual sense of users and the interaction performance of human-
cockpit system in the semi-virtual reality cockpit system, an augmented semi-virtual reality
cockpit technolgy was presented, which incorporated a realistic view of hand into the virtual
environments and made user see his own real hand in real time. The captured images by using
camera were real-time segmented by skin color detecting algorithm. The segmented foreground
images were rectified by using adaptive weighted stereo matching algorithm and view morphing
algorithm. Hand images were seamlessly integrated into virtual environment by using virtual-real
matching and virtual-real fusion methods, which can provide user with the visual images in
augmented virtual environment. Experimental result shows that augmented semi-virtual reality
cockpit technology make users feel true for the feedback of touch and vision. The smallest side
length of the square clicked by users is 8 mm in head-mounted virtual environment. In augmented
semi-virtual reality cockpit system, the average interaction time decreases by about 50% and 18%
compared with traditional data glove method and semi-virtual reality method. The technolgy
effectively improves the human-cockpit interaction performance of the system, enhances its
practicability, and its developed cost decreases. 1 tab, 11 figs, 22 refs.
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image segmentation; virtual-real matching; virtual-real fusion

YR EHI2011-11-28

ESTE:HERHRFEIL4TH (61039002) ; {5 863 %15 H (2007AA01Z306)

EHEB AN B 9835, T W 15 PH A » 1 028 0L K K28 T i B e Ak IR 23 B 3a 47 50 5 0 BB R BF 5
SR A K (1957, VLI E M B R A AR R 2H 32, T4+



% 24 %

FLEORREEMILE ERE K 63

Author resumes;: TANG Yong (1983-), male, doctoral student, + 86-25-84890755, tangyongl59 (@
gmail. com; GU Hong-bin(1957-), male, professor, PhD, +86-25-84893501, ghb@nuaa. edu. cn.

0 531 &

2 i DL S AR A M SRR AR L R S
T 2 A — 28 TRAT B ABL B A JAE AR PN i A5 P T £
E RN B A 2SR T SE W DR IE A R4 A9 i 58 5
T8 . FERE AP B AT A 5 2R AT SR L IR FR
(Computer Generation Image, CGD &4 . 5%
TRATRAL B A AR L 2 H 400 0 S AR 1) 0 R A
PRERV/IN 3 TR iR o A ARG R R i s 5 5 88
W SR S AN R ML AL Y P G . XK K
iR bR oy B L P i T Sk R Ay (Head
Mounted Display, HMD) B[Rl Tk HEER AT
9T R XE LA S B A AR AR Y APLAE . 255 2
ABARITE AN I FLE T 2 Fh

(DB TEIR . B T8 2 40 52 4R
7 B 0 58 B A, W T T2 . Hosseini 55 BF 5
T B BN RS M T &5 BRIE
P G 1 7 ik AT B IR i 5 2 B2 AT AR AR T
BT RMTLH ARG R BT B 5L R4 T 0
18 SR L T8 TR S 7 UL B T aE A U T
MAERCR o B T B 58 B H U SR AR T
SEAE IS =4 Tz s IS S BT
B A . o TR T B AL AR R MR S
RO S BHAOHRE SR 4R 5 B AS ik 3 B A8 AEAE S5 M A%
DUTE B LA A i B Bt A ik, S B B e A
JUIZ E A R 5 W LS il o

OHHEHME T . AR T EATEN
[l T AE R L T H L 9 T AR R B 5 AL B A
B 7GR € . O’hagan SEAFFE T AT XS - TH 7N g%
AIRR T T H U R Ge, ] gEAT R A H AR 9 e P
B e AR L K T B HRAED s Tosas 4538 i 41
ARSI 5 E AL, LB T HMD HBgrh 95 5 B
BRI 38 B s Fang %0 1 fE 42 13 5000 £
TR ES TR ERE . MR
PURLBE HEA T T 58 AN 75 28580 T s H Al FR 4 oz 2l
MBI B I, S G R H AR S R B T
RE AR v DL o B9 32 BARAE . H A X Fl 58
B T RE SR SN B WA EREE IR TT
S MERE W U SRR AN R L Y S S A 2
) —E BR A

B3R 2 B AL B 5 SRR AT A B AR R K S L

AP AR T, 0 S0 2 3 A = 2 JL AT 455 Y A 5 22
(Graphics-based Modeling and Rendering, GBMR)
753 HH OpenGL 8¢ DirectX |82 5K 5l 47 K 11
T A5G ] O B PR o 1 R LA b AR AR AT
REER . BT ANFINE P LA R T 1)
o L E AR M = R R A T A0 A AROR R N AR
HFEliR GBMR J5 3 i A7 78 #Y ) L, 2k 7 IR R
22 (Image-based Modeling and Rendering, IBMR) 1%
HARBE T2 R RSN 1R
BT GBMR HEZE , A AL T 1845 1) s 5 2 ) 07 ik
iR 52 Z X G i Ao S TR ik R UL IS AR
g rh o FL 2 ) 5 S I E Gy B ) .

T8 -3 1 400 18 2R G 0T R i R R R 22 ok T B Hs
TE 5 B A A g A HLSE B BEAS B4, A
WU S5 F ] Y R D007 B RBL R AR R 48 R 1T HMD
VEN BN A AEAN UL RGN 5l i 2
P AL B AR, Sk H B Ry fil b Ty 38
il S 45t 32 HAPEREAS (R . AR U bR R e LS
fiuk 5 5 7 B B2 Y [A) A3, Salzmann ZEF 5T T — 282
HEWAZ B ARG M b =R AE S & R 52 )
R S DR A #4 H0H0 5 42 B fik g s L 3 1 i
B AW IX R 7 0 S B v T S HLPE R L AHAT) A TR 4L
P T B ok 1 R A B AR 1 A TR R, Ay 552 R AL
JERE R G b e AL A AR AP AE B FOR S ESE T
BTN I RS R G SR A R TR
MEs Sk 5 T3 PUNF 2 WD ok T AR
P L B A7 [ 0 LA % A 35 AR R AR 1 58 SRR
(B AR 5 R DT R AT S RS &
PRI . BR Bk JUAh 32 505 KAk B 45 oF
TR TR A LS EOR 1 FERE AE B T 58 R R A S
YRR AE S A PSS BB 4 o PR A A 55 ol = 4k KT
BOARA B A AL 5 0 ey AT R AR N B 2 B
PR B0 B 7 AR R AR T 2 W Xy
HOAHLEE B A SR S AL RE L AH T RE 52 IR d Bt
B2 P DR A B — 8 R L T HL 5 A S )
JAE G I 2 AR FH RS 55 R o

8 5 2 AU S R I R AR SR A 1 5 R LB
Tilf b= o 0F R 400 i w4 55 AR R A 18 5 K R AR B4R
BRI T B AE T AR L5 3 6 03 B
Hh R R A RS B2 N 5 4 RE UL IR RS O R S
B G R P R A 52 4 LSS R BB R A5 L i A X



64 X @ E

I B2 F R 2012

FREAT S AU A 5 - S5 Ak Bl I a2 A dl
B RS AR T3

1 FEARAR

S U0 S A B RE PR ASA LI 1, A
HMD HR i B3 2 25 2 A AR AL, 52 i R 5 3k
Fr a8 BRI AR 15 . P Ak 25 P R B R
PR AR R I GBMR $0 AR A2 i, 2 Bk 5 T ™l
i 5545 A 114 IR A S A 32 >R FH S W A A S O o e R
RAERIG SIS BRI R 4 A
R BAL B EA7 SRR E T30 L R AR E
IR R T P 5 S I T 4 il B R HUR S R O P
PR T LA 1 4 B 1 R 4 9 48 AF A 5L 9K 3l K 410 e
fiE R AR SR RS 2,

K1 BEREE

Fig.1 Hardware structure

8|8 men
WA & FH5H WA B
— R g
(= e g |—{ e oL s —] e v
lﬂéﬂ—gﬂ
. AL
I R WA B
B2 ZREJEH
Fig. 2 System principle
1.1 PR35 E 15 T 4k 18
1.1.1 #FBBIEIRIFZ 5K IE

BB e HMD 35 00 5% 5 AR A5 00 47 & 5F
SR 5 R A5 KT X6 55 i A AR 8 i AR A4 2
10 WEAS ) R A5 &5, 2R H Zhang () 4 2 50 %
PR HLIEAT A5 (MATLAB #R 58 155 52 55 1
5T H) bR 22 AR LA B2 R
GOV TR L ATAT S B 2 SR PR X 5%, o 5 Lk
PR,
1.1.2 FBE% 55

SR FA 3 Mk o A 1 PR €0 10 0 0 O A $R IR
BIMG . ¥% BEB WL R £ 19 RGB & %% 85 R 5 4y
YCrChb R, P38 1 15 — 5 18 (5 3k [T 18 2 A7 43

Fo T R AR AT UG I
SrRICR B AR EI S BRI % G R R S . A
PRI S Rl A RO L Tl A = YRR R i 2R BB T X A
FNH TR A GRS 5 AR R,

FH = URE 4% BR BN 5 O T AT AR 4l 4 A AUAE R
wi vty s ug IR AT DABRA OE wo s Z 18] (B 25 R ER
A RIEXADAE — & WK 5 aT DL i
up vus ZIAN — RIS v s v, IR SR B
X 2 R 19 B T AT R B R LA R IR A
£k, WK 3.

B3 Ak

Fig. 3 Fitting curve

1.1.3 MERE

PR 255 A B HMD ) B3 45 4 1) R o) G v
5 0P SEBR AL B — B L S A ] Y i 2
SO A BB IR DR A X R AR L
PEAT ISR IE 9 P SR B I & B LA . SRR
B b A B P ARK P X 5 o Al 2R AL P2 TR
(View Morphing) 831 BT 4L & A2 TE . 453 21 1
AR . View Morphing 53 & — Fift R i 44 [&]
AR Sk TR (R — W (A A TR R 2 R AT
THIA R L ) A R L Y R UL R TR AR B
MR .

fBE B HLNE A AR bR R B G B 3 B
C.(C,,C,,0) (i 5 W o H AR AR, B IRD . fRBEAN £ 4%
B foo GG XN EEHE RS I L 535

.0 0 O

II, = {O fi 0 0 @)
0 0 1 0
f: 0 0 —fiC,

L, = {o fr 0 —fC, (2
0 0o 1 0

BHRA QXY 2D C G AR B4
AR R KB pyp. X AT R PR (A

sp1+<1—s>p2=s%H1Q+<1—s>%mg (3)

1
jsp1+<1—5)p2:7H3Q "

Iny:$L+41—suL
K S WHiME M 1.



% 24 %

BLF R BT EAEA 65

B (DA LUFE ) BBIR R G 17 R T
Bl B G A T 5 I, W2 PR3 (I,
T R I SR BLAR R /5 A

[ =SH+AQ—=9F, (5)

SPA T AL P (B 2 4 v ) LT DL RS AL
W& 2 Ed L CLCo 5 L AT . 15 5] [F]
— HFREER AT B AL E . IR S
B PR 2 W PR A5 3R AU 0 I O 3R 2 2 Y 5
AT DL T AR S A BNZ R N R, X
SRICTE T L 28 ot R W St 5 [ sl Ak i 2R, R L
NS'Q= et 1 BURYA N LN VRS R S I B L R N Y X
Ze A7 MG AR 3R s I ) 18 56 2R o TR AT 40 IR A5 T

(1) 3 WA AE 7 A4 DE T

PG 7 AR DG it 5595 32 2243 o 3 TR AE 1 DL il 5
BEF XA CHL . T EGNFRk 0)R T%E 2 5
SUREIX . B Z ORRAE . E 2 HE BRI DU Bk
Yoon SE 4 H 1Y 3 0 AUE 7 MR S L BRSNS
Z MRS AR Bt S AU, AT A RO ] E R
T AN 7 5 5 At 37 AR DG S5 A L DE B S
R S B L DRI AR SR FH AR A T DR L I
R4 T RIS A A DA K ZR 5 v S B P SR A 249 3R
PR DA v VG PR JiE 5 5k

Yoon H IE WA 7. {4 UC Fie B 36 A k£ B 55 (]
Sp S LIRS R e PO E SN OB e VA
NESHZER LW 1 A E S q R p W SR
WL AR R N H pog (8 25 5 8 25 vl 1F 5 i
Xt R SCFFAE w . [FEAT A HARER B 5 p £S0F
T 1 AME R A p/ 5 X SRR w22
A G SR BT 100N 9 45 3R A8 AT 6 BRI A Ak L 45
FIPCFE A 22100 EaCpap' D H

E,(p.p) = wwelp.p) (6)

X eCp p) MG E S &
KO FBIA eCp,p') 1 B N i v 1B 15
JE B AN ABARL PR 7 €8 BE AN 3% 22 Ak 3 K AR &R (B AR S
fiE A7 BRL P €2 8 A S 1 R k7 IR R, PR b, FE AR R AH
PE B2 2 Bl b 5] AR T A T L B
e(p,p’) = min(Ae,]) D)
X e HBEEp SHBEp MAEEUREME.,
T — 5 22 70 BBl N e 20 (6O THE s Bir A R 224040
E,(pp’) s 15 VE I s 1 S B A0 22 5k 224 E, (ps p') B
ZINESF i Xof 7 14400 2 11 B
d’=:argggp[ka(p,p/>] ®

7/

=Y
It

L: {dmin7”"dmax} (9)

Xhed Hp 5 p' Z WA K. B PSR % S0
#5d HTEVCHEC S SR 22 s L M2 TE L

FEVC L # rp T IR 45 A0 22 1 A iff e 1k
L HUE LK o — [ A a0 2R B8 &1 %t 4 o DL T
MOEHCREE L, P4 PR e — nT 530 L 6k g K e
WM R R VL EOR B . ERIER RSt .
RBHLRRE Tz s, H P& 5 F B A A -5
A ] AR UE T T BHGR K J 1) 0 22 R i AE — 2 Y
B, . fefE R BAE I 2 L 4. Ta&
I M IE 5 1 EGZ AKE X 550 s Bt AT 3 A 3 B —
FRYNIKOF- 265 %6 B 28 #3 A Ry BilAl DT E 8o 77 1 58
RIS BN A 55OV S SR DT E A5, DL IET 4, %
N 2 1 P B A DT EE AT B AR AN S B DE I A [H R
BRI FLSE DT IC AN, R 2 W I H X Rz A D A
SR psope s MPCHEC AT ps W24 R0 Ly

Li={|lps—pi|—ks=s|ps—pi | +Fk} (10)
Kk MR EREE RS, A SCH 10,

(a) ZEBAFILAL R

(b) H BER Al L At

P4 BAf T C AT

Fig. 4  Estimated matching points
MR T 5 2 A2 D i 28 TR AL s e S A
P22 16 B2 29 o, B 22 JUF BL 3 AE BT A7 b 7 4 2 °F-
T 1) o A 22 6 BEAS o 228 2o — A B . RN AE
BB A 2 AR ps (ans D) ps (a5 0) 5 2250 5
Hody dy R ZERREE D
d, —d,
a, —a, +(dy, —di)/2
AT ~ (9) 48 F VT FE s 0 A 22 29 3
A A FEAN I R QLD IR VT FE £, 79 31 Z 52 LT
ML S,

D = an

(a) ZEBFFITE A (b) ABEMREELILA R

{5 ELSCPURL AL

Fig.5 Real matching points



66 X @ E

2012

R PRAIE S B D TC A5 25 AN 8 3a 152 4 9 L, R
eI /R DC IS B0 H B Yoon S5 R 25 4 [
— P IR AL o AT B8 55 ek R B T W
SEHF SR, AR SO DE e A5 25 Y B L HEAT 1A
4 B AE RIS L P o DA K R el /N TSR L O
PR U TR B . SRS Y VG L BTk R LB G /)
F I G VE B 53, B R KR A, AT R
NG S EUE SR

(2) BB AR

KA 2 GG BE M B 9k I 48
ERER T2 04 Ss .S, » & View Morphing 7
BRI R GOX AL EURIR R 5 prwp. HEATHH
BRI AR R p'yp SR

[P =A=S)p +Sp.

) (12)
| p. = a—=S)p +Sip.
B R T Ty 53 3N
J F;g - (1_SS)F|+SgF2
(13)

lr=d-—sor +s.r,

K 6 (et B S S A L I L A e

JEAR AL B AL ST AR E G, 20 36 (8 )5 AT 75 2 o ) 6L &
BG4 h I 1A E S, B 0. 2,S, B 0. 8,

B 6 JR A

Fig. 6 Interpolated images

1.2 EXEEME

W S TC B Rl B — SO Al A R AR R S ik
G B H — 3 5, S P 4 At i 52— B0y wT Ak ER
B, B G B S VT L 5 S
1.2.1 B sEIma

HE 52 DC FC 48 DR 45 1 DL IR B8 5 B S L0 [ 4
Y ) P B — 2 B A ) B RS R
A A Jir BT DR R AR AL LSRR AL
SR — B0 0P S LS R S R L R e v

(1) JE SR HLIN S S 80— 5K

T B RRALRG 6 7 1 I 9K 3l kR LR AL
BB S IR SE BAR AL B — B AR SR FH Ha R R
PR RS A ML B SR TW R 24
A B ZR 22 1) ) AE HL G A, Sk AT B 5 BT R A
A AR AR — [ 502 A A A B R D, DL R 7
VAR 3 A5 BRI A b i e, 15 B BTSRRI B

B 7 AR R
Fig. 7 Coordinate system transformation
W W O B B R A bR AR T RO A 4 3
A AL BR R T RALE . KA bR R X S A AR
PRER Y Z 0] Ay WA AR 46 56 AR g E B A B ML
FoHE M T LA S 46 3O e S A Ay
MSX +T =Y 14)
FLAE IO B A B B, i S 6 A ) (e
Yerz ) MEAR LR 2 20 B A B R
X X, X3

X = |y y»

(15)

X, = |y s ¥

BB RS I B it (e, s, e, ) 2 BSGER J80 00 R
Sy OWf A S AR R 28T S Wi 407 D

S

Ze

x|
Y. = |y ¥y s

12, 2, T,
(16)
[x, x5 x4

Y, = |y Y5 s

L2y Z5 Zs |

= (1) AT %0
M'SX, +T =Y,
M'SX,+T =Y,

an

X1 7X2 :X
Y] _Y2 :Y

M'SX=Y
MX=Y

A MOl e s R
3 3k B E B AR HL AR S BOA] 4y il A B AR L

(18)
(19)



% 24 %

FLE B EEMILE AR A 67

LD BLE Y, Y AR 5 3 s =22 1) J6 A X

JEse MY, Y, 5Y, Y, ZERAFRELR,
LA R R R A7 B 45, 1Y)
(Y=Y, +T
(20)
v, =y, +7

Ao T AW SRR LR PR 46 M E A .
H A 0 48 G 2 ] At 2 CL9) A7 T S fiff )
R
XY =Y'X 2D
H T 5 25 P A A 3K 2D B A RS ff 1 28 %
Aub P2 RS P 5% SR SR 2 T /N IR L K ik e
HFE ML ET | MX—Y || Ee/h, 4
D= MX-—-Y
Il D || %% Frobenius 8%, B

ID| = VFDDT) = /> |d;|* (©22)

Horped, WHFED PHICEFC ) I ZRR%L

SR R R B I LA MR MR R R AT BE
2 b0 SR 23 ) S5 (E S 2 B — 21 S B il R AR 2 A
FAb R E | XTY =YX || fe/ s BB R AR
5 W ) T AR N e B

IR O A AL HON (a0 B4 70D - o
BN B FRR o ML fl 5K (18) L (19) W] 1 7 Ak
P 7 5 BB A A A 2R ] 1) A B Al 25 7 o I ML, oy

M,=MS '

FE Sk s, 0 sk i BRI RS B AR B W

V& 2 W DAy M o AL A X T 1) 8 2 4 B o M 5 )

M, = M,M,M, (23)
(23D T H M JE T fif Y Sk T S S A

Casf3s 7)o

2 ST 07 A B 5 e ) A S A A R AV T AR A
P 525 A B 5 P ML, RS O AR 5 5 R
2 [a] i 22

Y, = MX +M,T 24)
Y A A T A AR AR R R

(2) fE ARG AN S 50— 3%

5 HE 0030 52 [ 51 3 op SR — A i L ER 1R AL
CHE FULA 850 1 S L5 055 i = 4 3 5 ) R 4% 5 )
T T A S TR 2 0K A A A 11 S B
BHLA S EE A BRI S8 B EEREILS
BOLE 8, B K, B A
hy R EE ST EE S hy ARG RS Ay 5 by H
A A BT B .

BERINS R K N

K8 EEIE

Fig. 8 Virtual graphic

fil O Al
0 fyAi (25)

0 0 1
P fo Sy AR HLERBE s Ay LA, 20 3 D 545
BLE RAL AR
RS P15 1) v E 5 508 B8 20 30 O B s ha s LR
KRN T S B S BB ILN S ek
ry=arctan(A,/ f,) +arctan[ (h, —A,)/f, ]
{rz =arctan(A,/ f,) tarctan[ (A, —hy)/f,]
1.2.2 BEaks
SCH BG4 0 A 3R A8 81, AT SR TR €8
JR LA E] GBMR #E L B Bl 5, TR AR AR
it B AT O A 6 5 AR TS R B Y i W]
JE (Alpha) {8 A 15 87 09 B0 60 it 38 0 R 2 ok
Alpha G HA KRN
s =1+ =9 @27
Kb HBEHEAE o HBADIEBICOAE 00 53
S R R A S AR B
TEIR G B o8 T B85 57 1 Alpha (H 308
0. 5 BN Alpha (Hi &N 1 SEHRE G, BT FH
ARWSNE GG I AR L% 5 5 I ERE LR A
1A DR e E U R ESRE S S DAL 11 R A e ot4
JEIN G S5 R NS E N L NGE 4 ds W 1 & 3o 3 2
BN ABILIRA . X AT DU 2 4k . 3k 3] | SR 1
FERROR S B A R i BOERE - R AR
Fﬁ 1R R AL T 48 B

K =

(26)

7=140.5 BRELREL (28)
% HiAh

2 RBERSW

2.1 EXEEMEAR

D7 BESSARBIURR A » 1 s 2 B A AR 1 R 007
e R Z=/NHES A8 AU IR BT S — A 5 B AR
SRR B R/ — SO R A s A WL 9, i
560 I P i R ABLR AR T B L 2% A P RE OE A i



68 R @ B &

B PR AR _E A dRe /N T 18R 5 07 Bl B
S . IR R AR SR BE SR LR L T AE A
T B /N A 8 mm, RAT B A A 4
RAB T BRI TRAE AT HRR T e, IR AE ] 1 55 70
SR 5 10 RE PR I P P W) fk 455 1 4% b 52 00 AF

g

(a) SERFZEER (b) HMD A& B %
B9 HEsmA BB

Fig. 9 Virtual-real fusion images

2.2 ZEHMARIKE

AR SR FH R AU B S ALK A Creator 87—
SEAREY A320 i UL AE L T A R P ATl i 0 44 2 o
S I LA AR R PR R — 80 W 10, IR
Schiefele % Y J5 355 . 7€ HE 40016 At v B B 4 A~ $L780
SEHAT S« s b 4L B sh B (B sh B0 e R A7)
T % e L e e — JR1) 5 4 3l b 1] 4F CHE 3l — AN 47
T I3 P 52 B TR] s 43 0 DL T A TR 28 B %8
52 AT 55

- O
A e

(b) KEALE AR

(a) ¥ A

& 10 2 e 0L G 55 2 002 AR
Fig. 10 Semi-virtual cockpit and virtual cockpit

(DFELEE ML B & p R FERET
PRSI R FH AR A D0 58 F8 S . TG A e 15 7 S8

(OFEF B HTT EH R T ERET
BRI 52 P AR B T 4R AR AR S A il 5
J158 BAs

(3 FES 5~ B A 57 S R IR AR PR £
TR IR Rl A s 25 T R S s T AR B TR
BARGE B A e 5 0 58 Rt

(DALY B 5 S 5e 4 HAR I AL 1.7 3,
JUR] AR B R A Al -5 768 AR

I 5 NS 5K BN EHEERL 3 K. 5%
WA SR Bt S B[R] L3 1

I 2 ¥ R 2012 %
*1 ANZEFREFEHE

Tab.1 Human-computer interaction times s

WES sl H AL | R SR | eSS B | HE S T AT
4l Jf #0058 B 7.5 7.9 6.4
RS H 3.7 3.5 3.7 4.2
5 2 K 0058 B 3.0 3.3 2.9 3.8
L B 1.7 1.8 1.9 1.5

oI 1Al DL 720 HMD 5 808 5 R 4
2 S 58 17 G T 58 OV AE S8 HL Bl AT T
i [] f5g 2 45 A S B A 52 U A #E 1.5~2.0 s
W EUSEER S ORAIE T A B AR A SRS W s A ST
FEWMBIER B 3 s ZEA . S Y AL B 7 RAT
fE—E 2, A B TR AR FEL LT R &
DA H BRI AER AR T 500 64 5
PASEHJ7 S8 R LU« AS SCO7 S8 T FE I [0] AR 1800 /2
A BIRGCRIETE AW R B i T3 B T 2R
27 W TE TR P i B SR 32 O R N A
R 5 AR SCHE S T 48 Rl 1 150 0 RO o 22T A T
AT 2 FhO7 s sl fe b R LS OR S T H
FFRe—EC A 1L,

2 \ %

(d) #HEShMIIFF
BT AR R

Fig. 11  Visual images

(c) Jreke et

A SR 4 o M LB AR Rl 1 S A ) R AU
JRE i M S5 2 58 1 2 AU B ST e R TR T AL S
BEVRE LR EANZE SR EEAHET
Hfm B IO AT B A LA AR T R G AR
JEE . [R) I P 28 K T R L S TR T AL O
ST ARGINME . H AT X RS H 7 A A A —E
BB . TR LR SR WU BR ] 5 5k AR F 31



% 24 %

FLEORREEMILE ERE K 69

CAFAE— RE JE W 73 50T R 5081 5 32 6 IR . &
PRVEA Fr o k2 UG #E— B 0F R At 2 b

2% X

References

[1]

4]

L6]

7]

[10]

[11]

GU Hong-bin, WU Dong-su, LIU Hui. Development of a
novel low-cost flight simulator for pilot training[ J]. World
Academy of Science, Engineering and Technology, 2009 (60):
685-689.

MCCARTY W D, SHEASBY S, AMBURN P. et al. A virtual
cockpit for a distributed interactive simulation [ J]. IEEE
Computer Graphics and Applications, 1994, 14(1) . 49-54.
HOSSEINI M., MALRIC F. GEORGANAS N D. A haptic
virtual environment for industrial training[ C] / IEEE. IEEE
International Workshop on Haptic Virtual Environments and
their Applications. Ottawa: IEEE, 2002 25-30.
R, B THRFENELEM TR 25
flF H4 4] ,2008,20(22) :6214-6217.

REN Cheng, DAI Shu-ling. Implementation of cyber-glove
based realistic virtual hand[J]. Journal of System Simula-
tion, 2008, 20(22): 6214-6217. (in Chinese)

O’'HAGAN R G, ZELINSKY A. ROUGEAUX S. Visual
gesture interfaces for virtual environments[]]. Interacting
with Computers, 2002, 14(3): 231-250.

TOSAS M, LI B. Virtual touch screen for mixed reality[ C] //
HCI/ECCV. Computer Vision in Human-Computer Inter-
action of Lecture Notes in Computer Science.
Springer-Verlag, 2004 48-59.

FANG Gao-lin, GAO Wen, ZHAO De-bin. Large vocabulary

Prague:

sign language recognition based on fuzzy decision trees[]].

IEEE Transactions on Systems, Man, and Cybernetics,
2004, 34(3): 305-314.

GAO Wen, MA Ji-yong, WU Jiang-qin, et al. Sign language
recognition based on HMM/ANN/DP [ J ]. International
Journal on Pattern Recognition and Artificial Intelligence,
2000, 14(5): 587-602.

T B AT S BT RSB S P A Y SRR SR E R LT .
b B A R R 22441, 2003,29(10) : 909-913.

HAO Ai-min, HE Bing, ZHAO Qin-ping. Review of aug-
mented virtuality technology in virtual reality[J]. Journal of
Beijing University of Aeronautics and Astronautics, 2003,
29(10): 909-913. (in Chinese)

AR L B/ MR AT R LD ERHLE R R )] RS0
F2EHR,2002,14(4) :488-492.

DAI Shu-lin, LEI Xiao-yong, MEI Ji-hong. Virtual cockpit
system[ ] ]. Journal of System Simulation, 2002, 14(4); 488-
492. (in Chinese)

SALZMANN H, FROEHLICH B. The two-user seating buck:
enabling face-to-face discussions of novel car interface con-

cepts[ C] /IEEE. IEEE Virtual Reality 2008. Keno: IEEE,
2008 75-82.

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

JE ke R P BE L SE 2K R LS AR A T O
RERMELL Y T R80T it = % 4k, 2011, 32(7) : 1252-
1259.

ZHOU Lai, GU Hong-bin, SUN Jin, et al. Hand pose estimation
based on maximum a posteriori framework in semi-virtual reality
cockpit[ J]. Acta Aeronautica et Astronautica Sinica, 2011, 32(7);
1252-1259. (in Chinese)

Bk kWS, AL SR TR A LSRR R /AT
WA RG] RG07 H2% ] ,2009,21(17) :5406-5410.
LUO Bin, YAO Peng, WENG Dong-dong, et al. Novel,
lightweight flight simulator system based on mixed reality[ ] ].
Journal of System Simulation, 2009, 21(17): 5406-5410. (in
Chinese)

ZHANG Zheng-you. Flexible camera calibration by viewing a
plane from unknown orientations[ C |/ IEEE. Proceedings of
the Seventh IEEE International Conference on Computer
Vision. Los Alamitos: IEEE, 1999. 666-673.

IR AR AR B R GRSt A 2 | LT ] SR B it 5
24244, 2006,18(9) :1350-1356.
XU Zhan-wu, ZHU Miao-liang. Optimum colorspace for
skin-tone detection[J]. Journal of Computer-Aided Design
and Computer Graphics, 2006, 18 (9). 1350-1356. (in
Chinese)

Y TG R, SCH R G SE T ) R AR A
k000, b TR, 2010,37(7) :145-150.
TANG Yong., GU Hong-bin, ZHOU Lai.
segmentation and fingertip detection for interaction[J]. Opto-
Electronic Engineering, 2010, 37(7): 145-150. (in Chinese)
EDWARDS E K, ROLLAND J P, KELLER K P. Video see-

Real-time hand

through design for merging of real and virtual environments[ C] //
IEEE. Proceedings of IEEE Virtual Reality Annual Inter-
national Symposium. New York: IEEE, 1993. 223-233.
ROLLAND J P, BIOCCA F A, BARLOW T, et al. Quanti-
fication of adaptation to virtual-eye location in see-thru head-
mounted displays [ C] // IEEE. Proceedings of the Virtual
Reality Annual International Symposium. Los Alamitos: IEEE,
1995. 56-66.

TANG Yong, GU Hong-bin. Automatic virtual view gener-
ation based on view morphing[ J]. Journal of Computational
Information Systems, 2011, 7(6): 2051-2057.

YOON K J, KWEON I S. Locally adaptive support-weight
approach for visual correspondence search[ C] // IEEE. Pro-
ceedings of the 2005 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition. Washington DC.
IEEE. 2005.: 924-931.

ZITNICK C L, KANADE T. A cooperative algorithm for
stereo matching and occlusion detection[ J]. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2000,
22(7): 675-684.

SCHIEFELE J, ALBERT O, VAN LIER V, et al. Simple force
feedback for small virtual environments[ C] // SPIE. Conference of
Modeling and Simulating Sensory Response for Real and Virtual

Environments. Orlando: SPIE, 1998. 100-110.



