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The Acquisition, Perception Geometric Model and the Comfortable
Viewing Zone in Stereoscopic Video System: A Review

HOU Chun-ping, YUAN Wan-xin, SHEN Li-li
(School of Electronic and Information Engineering , Tianjin University , Tianjin 300072, China )

Abstract:  With the prosperity of stereoscopic industry, the disparity-based stereoscopic technology becomes more and more
popular. But this technology may bring viewing discomfort and various image distortions such as depth plane curvature, depth non-
linearity and so on.To analyze the origins, characteristics and relations of these perceptual issues, we investigated the stereoscopic
distortion model and the comfortable viewing zone. This paper first summarized and compared three different configurations of the
disparity-based stereoscopic video capturing systems, and focused on the parallel configuration system. The geometry of stereoscopic
camera and display systems was presented. The mapping relationship, known as the distortion model, between the camera space and
the viewing space was discussed in the parallel-shifting stereoscopic video systems. This distortion model is the basis of the stereo-
scopic information processing. The shape distortion factor and the depth factor were employed to explain the puppet theater effect
and the cardboard effect. The comfortable viewing zone was considered to reduce the problem of visual discomfort and visual fa-
tigue . Its three different representations were compared both qualitatively and quantitatively. At last, the distortion model and the
comfortable viewing zone were combined to draw a conclusion of the stereoscopic shooting rules.

Key words:  stereoscopic system; distortion model; puppet theater effect; cardboard effect; comfortable viewing zone; stereo-

scopic shooting rule

a|= IR A EG A 2 5, BIFEAE R H 2 (binoc-

ular disparity) . R 5 2 ) F 35 U 00 2 DA T T 1 et
H i, Fﬁ%iﬂhﬁiﬁm I LT HRAZEGL i B I 2 2T MR AR B A A LB
RS AR Y BT A, NZE A IR0 B T 00 2 G R (7 2 A8 28 72 A5 IR i A4 7k
B LR AT AN X 3 2R ARG A SRS Sy 2 i PRI, B0 20 MR TR 0 A R PR fe L 45 47

Wik H #1:2011-07-11; &[] B #1:2012-12-17
RN H < F K HARBFE S0 H (No.60932007) 5 [ 5 i F AR IE & 3151 (863 1151 T KI5 H (No. 2012AA03A301) ; & #F i + M K41 H
(No.20110032110029) ; KT BHE #1115 H (No. 11ZCKFGX02000)



562 H +

2 2013 4f:

TRBZIAN, BOPR 2 o S AR 11 R S A SRR ST AR
FEATE F2 G0 = 2k 1k 7 1R B 88 1 i 1120 AR
AR B3 AL MAL S N G S ESUNSE S

FPE ) S AR IR AN 58 56 I TR I 5 BB, AL
SERAE BARGERIRES B CNEAR PR K BE B
IR GBS A K, i 5 WA SR A R
R RS RN ) A 5 I 1 T 2 S R
ISENSWINEP:S 775 DK EE - S LIE I RED Yk e PN ER I A1
F1 R 2 ) ) e S 5 R, G A i — A BT ) £ 6L e
AR R R R BE S S AR B S R 1 5 3 P AN R B £
BB sE St

R gy | |BRY ) | gome | [ KEHRRY
gg&ﬁ%" ccp [ BE T XE%SFE R
25H]) ) | ([ AEE 25 )

Bl EALAEBRRS LARREB M RAAER

2 REXIEERRRAFEE

2.1 MFEEERERGREELSE

SEAAE AT DL o SRR LA Z oL
SRR B A ML (time-of-flight A1) 7 45 £ Fh 7
AARAG B 25 ) L AR P 1% AR S A SO e
FEA L 22 AL IAE B ARIR G, RV SRR HL R Gt , X
BEFR AR s AR R G0, W H SR R G5 WA S A4
RGN IR B AR T B = 4 5 rh AR U E S
J5 2 3 A5 A A J7 1) b AR PR — o BE 2 00 7 4%
BALCE 2 AT IR XS R, 43 53 Bk A 26 B AR BL A A B AR
BL) RS B = 2k 37 5%, BI85 )4 2 1) >R B R
s MRS P AR AR AL Al 1) 28 s L B A [R] , AT ST A
FECREE R G4 A [ 1 C A = G ROl e £ oy
%, RV ERBAR AL 1T, 7 9 F-47 (parallel) FiC
*ﬁ:—ﬁt 5 ﬂu%%%ﬁfogfgﬁ*ﬂ%ﬁ%ﬁﬁﬁ ’ %7‘7%% ( conver-
gence BN /\F, toed-in) Fit B 452 25 20 RO A T 5 Sk
JG J7 Bk R B ( divergence ) Bt B4R 50T 7 P47 i A5
A AR 75778 MR AL 8 2 B0 2 A5 7E 5 0 Ak
PR R, o R PR R P A A

KL E A AR5 AR 12 R I A 5
R TZ 3, T Son FESCHR O H ST REAN G4

SRR B B s g 01,

(1) 5 B Ze e 5 oAy it 2, AT 2 3008 B2 F- 11 25 it
(depth plane curvature) ;

(2) RTFAE B IE 2k B, (keystone distortion) , 5 23 H
2%, P RES W S AR RO 1 & 38 5, ™ d I 2 2y
SRR 252 T, Sont P RN MO B HE S A4 T
THERBRIE 6 EL A0 25 (H S B R AR &2 4%

AT AR RS AR AR A e A R )

ARy b2 TN, Bl 70 A R T I T X
B A AL A ke s T LA 3o PGP 8% ofe it 114

B R W B LR W SR
& AELBRR o, AT R E A K L S TS A
] BRSO R 2 R

FEPIAIPAT BE S AR, R R A Ry 3 2k
B HAFAE2E M 22 (crossed disparity ) 3 IE 28 SUHH 22 (un-
crossed disparity) F Y — F. A 52 B F B8 IC B AR 2L K
Kwon % A i1 T —Fl R B B A5 1868 10 i)
{ELE T AR 45 E B SR B, AT RE 23 ORORS B | )
A RS SONE S AR ) A, BT LAGE R ]S 22 A R
(LR AP o Nl

BT BRI AT, A SO JE 2 E T Rie s A r
P B RS 1 S A IR B AR R ) JLAr 4S5 A5 (1]
i
22 IREEEXTIKEERESRMNAZE

5

50 FF R 00 S B R L G K2R 4 3 7 A
Woods' ! P57 14 RGO Lk 1, 18] 2 J2 P % i A5
AT G L . A0S A TR BT 5
HP R BE S B K (m)

&,Y,Z)

/4
(4 -— 5
A N N
P \+X, (m)
+X_(m) %1
B
[
vV
+Z (m)
+X (m)

t X.Y.Z)

AT b [x m 0 L
W, f +X (m)

5. s
( ©®)

a)
B2 FBEEEANIAEERE. BARS

P 2( @) A AE B R AR, b g Es A BLALE
K5 1) b 8] b — 2 B R, AT R, TR R A A
IR B B sl (5 B B (X, Y, , Z,) S AR AL AT 41 3%
1 B ARG SRR A A AL AR , v b2 T 4R ) Ak (X,
Ya), (X Y I FRIRZE A SR HL CCD 151 i
PG AR R, Y il 7 48 T 1) L 320 4R R GE AR A 1 T fiE
el BRSPS A (X, Y, , Z,) B4 CCD
BF-T X B R (X, ).

RAERI FHE SR A5 -

(1)&REEE C(convergence distance) : 2 % 5 2|
TR BB S PO ELR IS, SRR L
I CCD V- #% B M Ak 2R 151 15 S BUAH X 157 B 52 3



3 M

A B L2 XS A EOR A LAY I 3 WL XIS ik 563

1, YR A B B AR S I e, BT 3(a) T LA
PRI RIEE C = bf/(29);

() BGHLIAIE b (baseline distance) : B 2R #E 1R HL 1%
L9 ineoa bl Nzl 1 i O] SN0

) BZHLI S M2 HE f(focus length) : FRAGHL B EE
HULE] CCD BUR - THT RS 5

(4) F A% 5 (CCD 54 CMOS, A SClE AT CCD 45
OB TEEE W, (CCD width) ;

(5) MG -85 Sk (shifting right imge) , Sy (shifting
left image) : 24 S B2 R INAE , A2 B AR AL CCD HL )
AP B A BCZE BAR DL 5 1)) K V- 7% 3 i B 8 5 50 4
AP ER IR Y2 R RTE Z B B, S = S,
=S.

P 20 b)) J& 7 A5 JEL B A 22 oA 8 1 R R AR I, L
(X, Y, Z) R B G 2R G058 5 7 AR R e ik
BN A 1) g AR bR, RIVER R 25 [B] A AR A, Y e B AR
AN, (Xg, Ya), (X, Y,) 7000 3R 5 BUTE s 48 b Y
2 A IRENZR AR PR, Y il B 4G [ 25

RGN FE SR

(DWAEBUIR E LS PR a8 Z B B EE RS V(view-
ing distance) ;

(2) BonA e 58 BE W, (screen width) ;

G)MFE E PR Z [ A FE 2, RIAEFE 1 (inter-pupil-
lary distance) ;

(4) PEHEW H M2 P(parallax),, P = X, - X, Bl
7 B b 20 A MR GO I A 2 TR] A K P

(5) EM& R T M (magnitude) , M = W,/ W,.

PRI 25 (8] H, JR 0 28 98 % R 380 110 57 ) i mT BB O
TR Bt B AT S 7, TR0 H A 25 W] 4y Oy IR 22
(positive dispaﬁty)*ﬂﬁ?}ﬁ[ﬁ(negative disparity) , 43 BIFR
AR B AR 2E FNAE AR ZE .

3 HBTEBEMTEA LSRR R

R i

3.1 MRGHRE

FH L 1 AT R, 45 s T et 30U 2 ) e 1 L o] st S
AIRIR N 3B AR

(X,, Y,, Z,)~> (Xg, Ya), (X, Yo) > (Xg, Yy),
(X, Y)—>(X., Y, Z;)

HEK R WA M N (X, Y,, Z,) %] CCD V- Ifi 1 A%
(Xas Ya) s (Xps Yoo) BB G R AR BRI K5
FRAR A /INFL SR AR (pin-hole model) , Wl HH 8] 2(a ) AT LA
133 CCD B-F-1H b W K- ALF5 -

_f(b+2X,)
a2z,

o

Sy, (1)

(-b+2X,
Xcr:f( 2;0 ”) + SR (2>
Xof AR R A T AR B e A ), R
Y,
Yd: Ycr: Zaf (3)

o

PR COD P (Xy, Vo), (X, Vo) BN
AP s (Xy, Yo, (X, Vo) B R . ik CCD
ST L #5 7 TG R AE ARG R, ) ceD B B B oR
i G AT DA Ry 2 — A~ T8 B TBOR i 78 B A AL A
WL EIE R M A

Xy=MX,, X, = MX,, (4)
Y,=MY,, Y, = MY, (5)

R BAREZ N (X, Vo), (X, V) BB A28 [H]
FOX, Y, Z)WIWes 56 & I 2(0) LT 56 & n 15
SR A 5 BN 2 (R ST ARG S R RN

_ Il _X51+X5r
N=roP (6)
1 Ys]+Ysr
Yi=1_p' 2 (7)
Y
Zi=—pV (8)

M]I:f%"'%(SR_SL)]
X; = . U (9)
I— M(Sy+ SL)+7@

o

Y,
Mﬂ?"
Y, = : (10)
I—M(SR+SL)+A§ﬁ
VI
Z = (11)
I-M(Sg+S)) +Mﬁ

Z,
S R S (X,, Y, , Z,) FEHENZS 8] 1) 7 4
Bri (X, Y, Z) R U B OC &R B B 2, AN i
HMAMCR , BRSSO B RS54,
FE A AL AL B AR O . B AR R Y IR
AR IR EVR NI REEF M UL VA N PN S IRV LN i ST
R B PRSI
3.2 MEELAREGHIL i
3.2.1 HEZETHESRABMHERTHEREL
A G- R B — B (A ), B Sy =
Sy = S, IFRAAER s mH SR A
Z,=C= Ebé (12)
AKX (1), FH
Z.=V (13)



564 H +

2013 4

2 (13) Ba W], F48 A5 (] H 1 23 SR A IS 7E S8 70 4 e
I TR RE R 22 5 (zero disparity point) . A3 (9) ~ (11) 1]
VIF H WSS R B8 B8 3o 4 1), TR Ot A B s ) v 2
S RUHT A B WS A SR R A R T T, 2 R RS
YAl LS 7 B 55 4 I O BB, 38 X 11 45 i 411 4 25 )
Y2 SR SR L T DUAR G Y 2 48 ST AR R I )R
(117 Jg, 33 o s Ry 2 SR 4 1 R e R 2
il .
322 EEBEEEANAERIXME

FARFRRCER, S =0, AKX (1), A

|4
M

1+ Z%

X150 I 40 2 [ T ) s Bt S 7 308 7R T 1) i
J5, BV EFAAE 28 SURE 22 . A2 S B o o, o s B R 3
BT AT AR R s BRAE 7R B J5 T B O, X2 T
SRR A ARENR S 2T BRa B A IRE
BoRA T BRI 2.
3.2.3 REFEKMKRE

KON YR BEAAAEIR LR B, I AR Al Y
TG PR 7G4 B S RS0 25 ] o B B (A PR — 1 i

%4
Zlnﬁnitﬂ:[_zMS (15)

K OS) VLT, R A RS, UG8 sk, 768
2% (1) v ) e 7 B B A, T L X A R S 5 L R S
WIE L.
324 XYZHARBMAEHARSSEBEAMTEY
&L EBT

4 Sp=S.= S, (9) ~ (11), 7[5 XvZ JriA
T RRRAE R

XYz oy (16)
XO:YO:ZD— If: Mf -

Ha(16) i, A Mf = VA REUE R, EBRAE XYZ
7 1) ERTORARROA 22— BGAR B XYZ =AT5 1w
ATBCRAR R — B0, SR IEIRE 22 7= R IR AR 3R PR R 7
B—ANJ7 o) LIRATAER AR LA AL 2 Mf < VIR S
XA NI T ENA LR /S AN W TS E SRR LNEEES
B

TR BT T RO PR AR 4 B AR A B L 3 1
DU AT G0 Wy A o 38 1) % LIV DL . 7 Jay 5 3
PN, T LA 0035 23 A 0 1 g e 22 195 0. X A0 Y 5 ) b
14 SRy AL A R — R, B

Zi = <V (14)

Mp
p -2 4 ___Dh_, (17)
- - b~ -y
DX, 1—2MS+A§ DY,

REEWTAZ T D, $0E SO Z 7 1] B AR

D7 _ VIMb
T DZ,” (IZ,-2MSZ, + Mfb)*
TEARBSAS ] T D, 45 XA R 1 ) A8 Ak 1
X(V)H7 1 AR Z e, B

D, Vb
DS:Dx T IZ,-2MSZ, + Mfb (19)

F D, F1 D WY LA HE Y 8 3 S A P45 ) e A2 o
P

T ERAG, WERAZN T D, AIEARE AL A 5
D, R AR 2% ARBONT h T Il ik

(18)

Dz; _ vmp
z = DZ” = IZZD (20)
D, W
D.=pi=iy (21)

SEARR B R GAFAEAR 22 5% 3, IR IE ok B8 -2
T A g 2k 114212 (shear distortion) , A
JEIZ5 W (puppet theater effect ) 2% A2 54 i ( cardboard ef-
fect) 545 X BL 2R ELAR AT LT b ks Wy 228 B R R fif . A
SRECE RS, Al 2L (20) | (21) R Al AR KON
FACHRRLNY . FEE AR 3.3 A1 3.4 15 7 AT G
RGP D, D, SR fif A i 500 F0 AR AR 00 7
AR A
3.3 KIBREIM

A a2k Ny AR R RE B T B OF AT 2 B ot
Fl20 8260 HE S ST AR AL P L LRI, 2t BURT S A
AEXT T J5 s U A A R 5 K BB B0, w0t 4 18] 76 A 18 )
RPN TR, HEARMILE R KRB —F. X
Pl ST ARG 1) 5k LB HR R AAE RIZON .

AAB RSO, 2 RS S AR B RS RORE A
[F) 2 A, FH R BE R AR DR D, AT LAAR J7 (i B e o HL
AL h(10) . (12) 72 D, 1953 4h—FPIE

D= DZ; _ VIMfb
T DZ, Z,\\?
(IZ0+Mﬂ7(1—EO))

FESEBR I B EE (1) — BB 65mm, R A%
o (M)TE 30 Ziq, FalE () —fBAE S0mm Zi Ay, SRR BLIA]
FECH)IEH T 1, WRE Dy 70mm, 22 R (C) 5 A
I R K, — BN 1~ 3m, N 5 B 3R
MLEIE 25 ( Zo ) 38 #2302 R HE 85 8 Bk S50 A 3
K(22),1%:

(22)

YMpp 1
D.~—— 5 o5
1z, 7
H S AT 0, R 1) 7 A A By RO T8 38 s b T
BRI RE RS /-5, M s RGNS SRR, 1T R
TR 3 38 KT 5 50 RT3, XA st T g
BE/W N1 5 AT (1 B2 A R e el 7 N 0 S AN

(23)



3 M

AR P 22 AL AR BOR AR B LT BT J B35 WU X SE 2k 565

DIARHE X (22) 38 24 i R 4038 S 50 B S8, (1311
S SR ROT O FRNEEAR 22 KK
3.4 R

TG R e W S e R (VAL L N EJ|
1% BRI, F 2o Y R TE TR 1 nT B 2 Bl 8 A e IE
TEAR AR 22 , 4 [7) Jd ST 18 4R i 38 A5 76 AS [) U8 88 F T
b R ARG ) O B G R hy AR R . 4K
B0 3 b 32 WL JER 527 T % L T AR W A4 B 7 D, R
figke. (1) . (12), A RIS 3]

D
D= T (24)
= IZ0+be(1—E°)

3.3 PR S HO HEI0(24) b AT

K (25) VLI, T AR A8 5 S L TR R R B 85, 2 Z,
MIBUERE D, < 11, BEH 7, (AR, D, /), &
FCW IR AT BOR B 1 , 3 5T BE - B AR AL

AR ROV AR 2 5y s BUAE “ Fe () MLIEL + TR 18]
(depth map) " #& 2SR AE ] 3(a) & — Bk
PRAT B A S, (o) R AR TR B . 72 1A 3
(o), N RYTR BE (B B — T H S SRt , (AR AR AL
7 FRE TR . Ry T AR AR SO, TR Y T i — 2
Xof TR JBE PR RO Ak B, A5 20 AN 18T 3 (e ) I IR EE I, 482
T AR R 2 5 8 WA i e 0L o o R
JEE V1 3 AN AR S0 =2 [0 Al s A A 2 (LA TR AT 5 1Y)
PR

I3 PR PR LU A

4 MEEFERERX

S A UG B A B T 3 AR R 2 LA B e ST A Y
K BEIEe F ORAE RIS, AR RN 2 R SR 2
[] 14 w8 (Vergence—accommodation conﬂict)m’m R
(crosstalk)BSN%] JDEEEE%W \/I\}\/:'E}iiéﬁm]%%ﬁ
PR 2R A2 5 W S AR AL 08 T 3 5. 5 S AT I R A
ORI — > M A& 2 S K BT 35 WL X (comfortable viewing
zone) 2335y fAET E LA X BN K A — X
B

TEME B —E g, EX XA, WEE
A LA Dy g A A IR PR Rl G R — i S AR R, AN
37 A R VR ME 5 Rl 5 1 SR MR TR IR JE D7 [ B
ARSI NE 5 AN 23 77 A R BT AL A B A S R

SEARET A DI RN K e R R K
WA R B SE MU . H R, A = Aoy 0k e i
GIHTET IE LA DX /) < J RN 23 ] v i B S X (1] AH
XoF JeE 6 B S L P A R SO 22 3 L T T 2 Sl A
X =M RR IR, IR e AT Z 8] A e 4 06 R ME
I HCRA R B 4 i T AT IE LA R B E ol
BHAENLAR SR8 IEFT 7 W AR, #2 R 4.1

~ 4.3 o2 B HARB iR

. R <, .

[« H02DH>«—-02D—>

A

Rk
(Xo,Z0)

WEERYV :
E4 SFENEXRRE

4.1 FENEXMEBXEFRR
FERRSN 2 (), v] P 4 IR B RS X[ Z,, 2, ]
KRS AREFEE X, Hop 7, 7, 4y B &F
TN DX N MR A i 30 I S A et B L AT E UL (X
AT LA TR B B R R R (2, - V, 2, - V], X
IR Z W B 5 525 (P) M SCHE, 18 4 AT DLt 3E
23] P RIFEE X A] :
1(Z,-V) 1(Z, - V)]
zZ 7,
4.2 FHEWNERBMEXETLEERT
SN I 26 7 IR I 27 28 0 v 45 Fh 32 1 Ak

Pe| (26)



566 H +

2 2013 4f:

AP IR FR N G, YL AE & A i AT 5
FRNE 38 W e ok ik tE R BR 6% R 4 b,
JEIE (Diopter, {8 5 2k D) 1 Ky Ji S T 19 547 . 28 LA %
2 TGP RE SR AR I (m) B4R 55C, BB R D'
(D) =1/ af LI AH X 56 B X 18] [ + DIO, — DIO]
e FRETIE LA XA, WK 4 s, IR H o] AR 1
AR A0 JEE G B 4 ot B A 17 50 T, B8 5 5 A R X B
BLRTF B4R A A X B B e R X ] 5 B X[
MG e RN (27) L (28) 7R .
1

Zy=1—— (27)
v + DIO
I LS v< DIO!
Z,={7y + DIO (28)

©, W v=DpI0"!
4.3 FENEBEXBHAETCERTR
FHAR 22 (disparity )t 7] DL 2R 7 37 A4 &7 38 L& X (8]
08 22 308 2 UL 71 J3E 20k L.

Bs5 RWEREEXHNE

TR S i AR IR TERE B A, W A g2 (Tl 22)
BE L -

deg, = 60 - (91 (29)
[IAE, € R (IEALZE) BE N -
deg+ = (90 - 02 (30)

IR AIZE (| deg | (degree, FE) VE R &F & ME HITE
BB, AT DA AR 5 S R 7 38 WA X 5 X[ 22 [A] )
P ¥

1 I Idegl =
Zfzz'cot( arctan 2_V+ > '_180) (31)
1. ( I Idegl = )
Z, = ) cot| arctan VT 2 1180 (32)

HEERAEX B R AT 1 B S Je i B 1 O
{HA] LATE N R 1 A )58 0 S E O — MR
S iR, T EL N R A S 25 ) 0 7R R i e 9 X
3k .

KHILIK , AT SLARET I8 B 64T T 205
7E 1992 4F S Pastoor ™ St ixHE T 5% W W 22 3 Bl 19 A HY
PR ER, A L AR R AT R T S
SR 4 1 4 N Holliman™ 4% 52 19 R 2818 36 15
AT I8 WA X Ik R 48 B R ET S A — A/ X3
[ — 50mm, + 60mm] {4 45 % . M. Wopking!® 3 #F 3 W 1

M BT ST AR ER S A 22 B R R 70aremin (1aremin
=1°/60) . S. Pastoor™’ , F. Speranza“s] 1 M. Lambooijm] e
WAH T 60aremin 75 2 SR AL 22 ) b [R. 7€ ITU-R BT.
14381 i A + 0.3D 35 Bl 9 R LR R, S,
Yano "l W. Chen "I Ky + 0.2D B A3&E . M br L, 357
ARET 3 LA 10 1L ) v A A5 1R 3T

1 DL 12 2 X BB, g5 T B IX A AU D

JE Z T X I S 2R
F1 IPREALRNFERNERE
WHEERE | ek JH 6B Ja 6B
Zf(mm) Zb(mm)
V(mm) (D) (D) (D)
500 2 441 2.27 578 1.73
1000 1 788 1.27 1368 0.73
2000 0.5 1301 0.77 4321 0.23
3000 0.33 1661 0.6 15430 0.065

MNETATLER, PRES + -0.27D F/RA7E
FAR—F.

5 FERRTHRAENGFENERFEREREDN

SZEmEARN

SEARBUAG B AN A WA T A8 bR - 7 AR
SAEFUA Y EF I 1

BERT BV R IS M, A P 0] A & (1) 2
o WEZAG T AT 7 5 A0 WA A & 3 WA XA A, LR IE
EFIE 7 (2)ﬂﬂ{ﬁ{%iﬁ{§g}‘é@@iﬁ(mgion of interest)
HHE?

G Jones ™ A\ Z3 7 G o A ST AR ER ISP S50
Sk i SR PR P S L, DA ol s B R P R L 25
SEREFIE L. N. Holliman' ™ 42 T —ANJE X BRI AL
S, DAAE I S AR G rb A [ o7 B 1 g 728 A B« 15 KR
SRR DX ) W A2 P, DA 4 ) 0L 2 3 L, R TR 3 1k
7 o o3 AR 2 R DX 3 ey g 72 e 2, A A5 Y i X 3 T
PiE i LG5 B 6( o) RARTEARMUAL PR, th T RS
WS, BROR YA kR P 14 18 6 (b ) & T 73R
X PR AR B 0 5 ) 45 R SRR i DX i i 3 L S
S, RS L 22 Y5 4 /N 1

G’"Tb e

ROI
(@ )

B6 A:xiiRmEHEEREE

AR R A X R W 2 B 3 X T T A B ST AR H R
HPEAT 15 S ELAY, JUHGE X T BB R 3 5L
LIS AR 5 P O A W A

W Chen* j— 25 58 3 17 3 A AR, B45 T LR

FPEIE IR



3 M

A B L2 XS A EOR A LAY I 3 WL XIS ik 567

BRI A P AL AN E TR e gk -

()P HE AT AR 9 S50, B AR SE IOV 26 1F T %
R DX S 1 e A /]

(2) PR BE AT AR (9 2580, B 5 i M PR R AT E 3t
WIS L S & WA XA

USRS KL DU AS BE 7] B B4 36 A2 , DA 2 5 i A )
2K 12y TR TR RO ER DA LS, TR 2 2
VSN STEVALS A A OF BTN G BN AN e e

6 Z5it

AT T 22 S0 HAF B RS R G Y L B
2 AR T AR I B A LB 5 R e TP X
SPATIABE ZR LT A1 48k 2 8] B RO 2 ] 22 (8] ) B 5%
7, Bl AR AR S P A R T A A R 2801 R AR S5k
AN SRR AR SCIHE TP IE LA X IV L, 20 A B
BT 22RO b B 3 FET LR IX B E S, 24
HTIX 3 R SO 1A B A e X die e o AL AR A
TEWUA DRI Z R R, 25 T 2 AR AU 4 A S
U]« 1 588 A S AT ol e BT 7 3 P AR S AR P R
ORI AL ST B AR PR BT A 1

{EA— AR, 122 AP WA XY A 0.2 JiDt
JEETIE WA X3 B A e E Pr b A g, i T 2
Z LRI 08 T T R AR B R S AR SCHR B 4R 4%
25 1) ) SRR 2 [ ke S A R T R G 1 2, A
RGN SRS B 77 R 58 2 I L AR SR 4 R A
SRS TR A E TS

S 30k

[1] Andrew Woods. The Illusteated 3D HDTV List [ EB/OL].
http: //www . 3dmovielist. com/3dhdtvs . html, 2012 — 12 - 10/
2012 - 12 - 14.

[2] Tan P Howard, Brian J Rogers. Seeing in Depth: Basic Mechan-
ics{ M].New York: Oxford University Press,2008.1 - 10.

[ 3] Farley Norman, Hideko F Norman, Amy E Craft, et al. Stereop-
sis and aging[ J] . Vision Research,2008,48(23) :2456 — 2465 .

[4] Andrew Woods, Tom Docherty, Rolf Koch. Image distortions in
stereoscopic video systems[ A ] . Stereoscopic Displays and Ap-

plications[ C] . San Jose, USA: SPIE, 1993.36 — 48.

[5] Wei Chen, Jérome Fournier, Marcus Barkowsky, et al. New
stereoscopic video shooting rule based on stereoscopic distor-
tion parameters and comfortable viewing zone| A] . Stereoscop-
ic Displays and Applications XXII[ C]. San Francisco, USA:
SPIE, 2011. Vol. 7863 : Paper No.786310.

[6] LIU Yebin, DAI Qionghai, XU Wenli. A wide base line multi-
ple camera system for high performance 3D video and free
viewpoint video[ J]. Chinese Journal of Electronics, 2009, 18
(2):275 - 280.

[7] Park J,Kim H, Tai Y, et al. High quality depth map upsampling
for 3D — TOF cameras[ A]. IEEE International Conference on
Computer Vision [ C]. Barcelona, Spain: IEEE, 2011. 1623 -
1630.

[8] GONG Xun, WANG Guoyin, LI Xinxin, et al. A statistical two-
step method for 3D face reconstruction from a single image
[J]. Chinese Journal of Electronics,2011,20(4):671 - 675.

[9] Jung-Young Son, Seokwon Yeom, Dong-Su Lee, et al. A
stereoscopic camera model of focal plane detector array[J].
Display Technology, 2011 ,7(5):281 — 288.

[10] Seung W Lee, Nam Kim. A method for precise depth detec-
tion in stereoscopic display[J].Journal of the Optical Society
of Korea,2006,10(1):37 — 41.

[11] Robert S Allison. The camera convergence problem revisited
[A]. Stereoscopic Displays and Virtual Reality Systems XI
[C].San Jose, USA: SPIE,2004. 167 — 178.

[ 12] Marc Lambooij, Wijnand IJsselsteijn, Marten Fortuin, et al. Vi-
sual discomfort and visual fatigue of stereoscopic sisplays: A
review[ J] . Imaging Science and Technology,2009,53(3): 1
- 14.

[13] Jung-Young Son, Yuri N Gruts, Kae-Dal Kwack, et al. Stereo-
scopic image distortion in radial camera and projector configu-
rations[ J | . Journal of Optical Society of America, 2007, 24
(3):643 - 650.

[14] Zahir Y. Alpaslan, Alexander A. Sawchuk. Multiple camera
image acquisition models for multi-view 3D display interac-
tion[ A]. IEEE 6th Workshop on Multimedia Signal Process-
ing[ C] . Siena, Italy : IEEE, 2004 .256 — 262.

[15] Ki-Chul Kwon, Jae-Kwang Choi, Nam Kim. Automatic control
of horizontal-moving stereoscopic camera by disparity com-
pensation[ J] . Journal of the Optical Society of Korea,2002,6
(4):150 - 155.

[16] Ki-Chul Kwon, Young-Tae Lim, Nam Kim, et al. Vergence
control of binocular stereoscopic camera using disparity infor-
mation [J].Journal of the Optical Society of Korea,2009,13
(3):379 - 385.

[17] HA0H, mHES . X CCD ARG RGBSR [T].
Se2EF A ,2003,29(3) : 298 — 300.

Zhu Xiaoming, Gao Zhiyun. Theoretic research on double-
CCD stereoscopic system[ J]. Journal of Optical Technique,
2003,29(3) :298 — 300. (in Chinese)

[ 18] Wijnand A IJsselsteijn, Huib de Ridder, Joyce Vliegen. subjec-
tive evaluation of stereoscopic images: effects of camera pa-
rameters and display duration[ J].IEEE Transactions on Cir-
cuits and Systems for Video Technology,2000,10(2):225 —
233.

[19] Lew B Stelmach, Wa J Tam, Filippo Speranza, et al. Improv-
ing the visual comfort of stereoscopic images[ A ] . Stereoscopic
Displays and Virtual Reality Systems X[ C]. Santa Clara,



568 H +

EE ' 2013 4F

USA: SPIE, 2003.269 - 282.

[20] Hoonjong Kang, Namho Hur, Seunghyun Lee, et al. Horizontal
parallax distortion in toed-in camera with wide-angle lens for
mobile device [ J]. Optical Communications, 2008, 281 (6):
1430 - 1437.

[21] Lydia M Meesters, Wijnand A IJsselsteijn, Pieter J Seunti?
ns. A survey of perceptual evaluations and requirements of
three dimensional TV[J].IEEE Transactions on Circuits and
Systems for Video Technology,2004,14(3) :381 - 391.

[22] J Daly,Robert T Held, David M Hoffman. Perceptual issues in
stereoscopic signal processing [ J]. IEEE Transactions on
Broadcasting, 2011,57(2) : 347 - 361 .

[23] Kenichiro Masaoka, Atsuo Hanazato, Masaki Emoto, et al.
Spatial distortion prediction system for stereoscopic images
[J]. Electronic Imaging,2006,15(1):1 - 11.

[24] Hirokazu Yamanoue. The relation between size distortion and
shooting conditions for stereoscopic images[ J]. Journal of the
Society of Motion Picture and Television Engineers, 1997, 106
(4):225-232.

[25] David L MacAdam. Stereoscopic perceptions of size shape
distance and direction[ J]. Journal of the Society of Motion
Picture and Television Engineers, 1954,62(4) :271 - 289.

[26] Hirokazu Yamanoue, Masaki Emoto, Yuji Nojiri. Stereoscopic
HDTV[M] . Japan: Springer,2012. 11 - 44.

[27] Hirokazu Yamanoue, Makoto Okui, Fumio Okano. Geometri-
cal analysis of puppet-theater and cardboard effects in stereo-
scopic HDTV images[ J]. IEEE Transactions on Circuits and
Systems for Video Technology,2006,16(6) : 744 - 752.

[28] Mikko Kyto, Jussi Hakala. Geometric and subjective analysis
of stereoscopic I3A cluster images[ A ] . Stereoscopic Displays
and Applications XXII[ C] . San Francisco, USA: SPIE, 2011.
Vol. 7863 : Paper No.786319.

[29] Hirokazu Yamanoue, Makoto Okui, Ichiro Yuyama. A study
on the relationship between shooting conditions and cardboard
effect of stereoscopic images[ J]. IEEE Transactions on Cir-
cuits and Systems for Video Technology,2000,10(3):411 -
416.

[30] Shimono Koichi, Wa T James, Vazquez Carlos, et al. Remov-

ing the cardboard effect in stereoscopic images using smoothed

depth maps[ A ] . Stereoscopic Displays and Applications XXI

[C].San Jose, USA: SPIE,2010.

Takashi Shibata, Joohwan Kim, David M Hoffman. The zone

of comfort: Predicting visual discomfort with stereo displays

[J].Journal of Vision,2011,11(8):1-29.

[32] David M Hoffman, Ahna R Girshick, Kurt Akeley, et al. Ver-
gence-accommodation conflicts hinder visual performance and
cause visual fatigue[ J] . Journal of Vision,2008,8(3):1 - 30.

[33] Liyuan Xing, Junyong You, Ebrahimi T, et al. Assessment of

[31

[

stereoscopic crosstalk perception [ J]. IEEE Transactions on

Multimedias, 2012, 14(2) : 326 — 337.

[34] Janusz Konrad, Bertrand Lacotte, Eric Dubois. Cancellation of
image crosstalk in time-sequential displays of stereoscopic
video[ J]. IEEE Transactions on Image Processing, 2000, 9
(5):897 - 908.

[35] Lili Wang, Teunissen K, Yan Tu, et al. Crosstalk evaluation in
stereoscopic displays[ J] . Display Technology,2011,7(4):208
-214.

[36] Tsirlin I, Wilcox L M, Allison R. The effect of crosstalk on
the perceived depth from disparity and monocular occlusions
[J].IBEE Transactions on Broadcasting, 2011,57(2) : 445 —
453.

[37] Wei Chen, Jérome Fournier, Marcus Barkowsky, et al. New
requirements of subjective video quality assessment methodlo-
gies for 3DTV [ A]. Fifth International Workshop on Video
Processing and Quality Metrics for Consumer Electronics[ C] .
Scottsdale, USA: VPQM, 2010.1 - 6.

[38] Stephan Reichelt, Ralf Hiussler, Gerald Fiitterer, et al. Depth
cues in human visual perception and their realization in 3D
displays[ A ]. Three-Dimensional Imaging, Visualization, and
Display 2010 and Display Technologies and Applications for
Defense, Security, and Avionics IV[ C] . Orlando, USA: SPIE,
2010. Vol. 7690 : Paper No.76900B.

[39] Junle Wang, Marcus Barkowsky, Vincent Ricordel, et al.
Quantifying how the combination of blur and disparity affects
the perceived depth[ A].Human Vision and Electronic Imag-
ing XVI[C]. San Francisco, USA: SPIE, 2011. Vol. 7865:
No.78650K.

[40] Graham Jones, Delman Lee, Nicolas Holliman, et al. Control-
ling perceived depth in stereoscopic images[ A ]. Stereoscopic
Displays and Virtual Reality Systems VII[ C]. Bellingham,
WA SPIE,2001.42 - 53.

[41] MRS B0  IRBLE B L MO (M) b st AR A
th Rttt ,2008.226 - 229.

[42] Siegmund Pastoor. Human factors of 3DTV: An overview of
current research at Heinrich-Hertz-Institute Berlin[ A ]. IEE
Colloquium on Stereoscopic Television [ C ]. London: IEEE,
1992.1-4.

[43] Matthias Wopking. Viewing comfort with stereoscopic pic-
tures: An experimental study on the subjective effects of dis-
pairty magnitude and depth of focus[ J]. Journal of the Soci-
ety for Information Display, 1995,3(3):101 - 103.

[44] Siegmund Pastoor. Human factors of 3D imaging: Results of
recent research at Heinrich-Hertz-Institute Berlin[ A ].2nd In-
ternational Display Workshops[ C]. Hamamatsu, Japan: IDW’
95 Committe, 1995.69 — 72.

[45] Filippo Speranza, Wa J Tam, Ron Renaud, et al. Effect of dis-
parity and motion on visual comfort of stereoscopic images
[A]. Stereoscopic Displays and Virtual Reality Systems XIII



%03 W AR P 22 AL AR BOR AR B LT BT J B35 WU X SE 2k 569

[C]. San Jose, USA: SPIE, 2006. Vol. 6055: Paper No. Journal of Displays,2004,25(4) : 141 — 150.

60550B. [48] Nick Holliman. Mapping perceived depth to regions of interest
[46] Recommendation ITU-R BT. 1438 — 2000, Subjective Assess- in stereoscopic images[ A ] . Stereoscopic Displays and Virtual

ment of Stereoscope Television Pictures[ S]. Reality Systems XI[ C]J. San Jose, USA: SPIE, 2004. 117 —
[47] Sumio Yanoa,Masaki Emotoa, Tetsuo Mitsuhashi. Two factors 128.

in visual fatigue caused by stereoscopic HDTV images[J].

EEE T

RAE  F,1987 4 6 AT I ALHR. 8L
Vo N R ) S = Uy (N U S e R ) S
AU R ST AR R A

E-mail : yuanwanxin @ tju.. edu. cn

BEFEEMESE) L 1957F6 HAT
TR RGN BRI REEFE R TR
ESE AN s o A B Y o3 1 s B T RVA N ES)
1G4 5 b B A e O

E-mail: hep@tju. edu. cn




