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A Realization of Manipulation on Real-time

Naked-eye 3D Vision Based on Lenticular Lenses

Student: Tse-Ming Huang Advisor: Dr. Sheng-Fuu Lin

Institute of Electrical Control Engineering

National Chiao Tung University

ABSTRACT

3D stereoscopic technology has been developing vigorously in recent years.
Especially in movie entertainment, 3D stereoscopic technology is a trend. We usually
need to wear a pair of 3D glasses when we watch the screen. However, after wearing
for a long time, we often feel uncomfortable. Besides, in the diagnosis of cancer for
patients, doctors often use their hands directly to press the diseased part of human
body such as neck. If the diagnosis of cancer can operate with a 3D structure model
around the diseased part, doctors and patients will understand the disease easily.
Besides, academic literatures for constructing 3D model are usually limited in 3D
virtual environment rather than 3D stereoscopy. In view of above, we realize a
manipulation on real-time naked-eye 3D vision program based on lenticular lenses
and use the program as an application example. In this program, we construct two
virtual 3D objects, and we can control these objects doing arbitrary angle rotation in
three dimensional space, intercepting their contours and separating the objects
individually.

The contributions of this paper could be summarized as follows. First, in this
paper, we realize the manipulation on real-time naked-eye 3D vision program, and we
use the program as an application example for future biomedical researchers to refer
or apply. Second, in this paper, we combine naked-eye 3D vision with the output of
the program, providing users with a new three dimensional visual effect rather than
traditional two dimension vision. Third, in addition to constructing naked-eye 3D
models owning depth information, we also construct the corresponding 2D models in
this program. Therefore, with operating the interface’s functions described in above ,



users are able to carefully examine and compare the two kinds of models at the same
time. Then, the users will more understand the 3D space structure of the models.

Keyword: Naked-eye 3D, Lenticular Lenses, Three-dimensional Vision
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Z R MARR o
4. & A XA HF B

s
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212 FRE 2 #3550
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¥ UL G0 % 48 AR £ (crossed-parallax) ~ F AR £ (zero-parallax) ¥ 2% 45 4R £
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BRGMETRET F o IoB26977 o

28R O

"

Qe

Bl 26 FARATILE -

17



FABRAIMEER Y SRR 10N o P E QS

0= 2xtan " (——) = 2x0.17° = 0.34° (2.2)
1000

3 AREARL AREIAARAET EF TR ER TR TA RBERED D

PR HRPGHKRE ERAETRL > wR2797T o

E

5~7cm

o O ¥ %
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FARAF AL IR IR A RS 9 5

6’:2xtan‘l(§) ~0° (2.3)
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A2 PRI o d 258 2123 APV oo g ATt i R E
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BLE P g s 101 < P g%@gﬁﬁﬁa@%iﬁﬁafﬁﬁﬁéﬁlm
SR S A FL T R DT IR L = N g 22 2 R o
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BT - BTG F P A g s A 101 < IR ik o
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ARE @

1395 % R [13][14] #rat » A PIR-FERR 3 P B gn Rl b cdp 3 B R IR D K
B RT U A - B2 TG i tRST G (epipolar) - 4o 2.8 tTA T o =
P o T TN XEhfoydnd 5 R ER T 2 hdk T o iRk Sk
Bk BB ABREHR S (XY, 2) o BK LS R L i 2 s BLA L B
AR AP g g B ElC I AIRhE gL TG ABC T R T G oo

MENPABER s =5 - FT AR LA R DT (TR ERE AR g

S EREED X BLE > i DE L (7% BC > @ B:F frBH A 4 3 2pRE
B BD LB E Lk E G W CE g 3 E
ABFG ~ ABDA (2.4)
ACHI ~ ACEA (2.5)
¥ o
XA (2.6)
z f
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FROAPAMHEIERE - BIERSRET AV EEzES ) 0 R E A
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K 3D Hax B4 Ep & BP0 3F gzﬁﬁ D g 5§ 3
A% 3D k2 dmE A FQEFE R LT HY o m’T}%

WA AT s (e § L F R PEGERET kT > 3 T TS BB i L

\

FE oD kR ARHFILAAEMIGRELL L REG LB D
ERAS TR ER LRMNDLLRAES ek - R g IR
ﬁiﬂ%%»4ﬁi§ﬁw* ERGS FIRFRADEG o F S MR - A
B EA ARG P - N IARLE R PR A- R > TS R

PR REAF IDHFR T IDRE)RER=CREG 0 ES PR g T
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P% 4 (red-blue/red-green 3D glasses) ; 2.2.3 &-: ¢ # p% 43 (color-code 3D glasses) ;
2.2.4 & : i % P gt (polarized 3D glasses) o & J5 % = & 34 = g 12.25 &R

7% % 4t (shutter 3D glasses) e

221 P4k
P4 d Pho™ B2.9%77 0 H RIT A G ~1922# 15 KW ~ & 7C. Pulfrichpe

ERRvrEHFEFREL AR GEFR-PRHREL] - PRI - P AP

G

Gt ledas LFLARERRD (P R 2R T o Hat s i k) e
BEF AR -5 SEPRREA T RBICORART P RILALARL -
A 23Dk o B MBS R AR FRRBL N BT

HEET > 2 EP REREE POl d b 2Rk blAeT B

FER 2l PR iy BRI PEE P R ETP2DF 5 £ 23D -
B 2 B ] R R T Pak o0 23Dk BRI G B o 3D Y kih
¥ o

B 2.9 PP o
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P4 A B4eT B2104cBl2.1197 % o Bk B R i E(H)RETE Y
dBEd (Ried Bk )ipgd P FEDRE AR A A B R B
BBl iven X747 A SR BT e Rl dp - - o R B
FAR S 0 F(H) PR 1Y - R T - R F(S)IRERT
d Y g RHEEE 0 T g FIIE(S) AR B E(%)I R € R
E(#)d o Fla g Dl d F MO e iR ) 2 R AR 2 ¢ Poanila
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2.2.3 ¢ B4t
gL f 4B 213 #77 o PR d o 4ol 2.14 1w o F R ALY TR e
a5 ken[15] 0 d W FRS PR 3D RET FAZLEERAAER ¢ T
B TR R s AN A shr R d F§ P 4i(color-code 3D
glasses)e e /@ 3D P L A ghga & o d i igd Yok d R AL
%JQV*Eiﬁﬁﬁﬁﬁ%n@é4ﬁ7k%é§%ﬁ€$#%¢ﬁé"Mﬁﬁﬂllfwg
o FIBRERT P YFORREIE I DAL RE L G g R
SR AL R MR P RSB Z BT R F 7 R AT B

Bl 213 ¢ mped o

B 214 ¢ B & FE e o
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2.2.4 kP4t
kP gL [1][3]x 7 e = B3 B2 02 (double projection)[17] ~ A A ik Sk 2
(linearly polarized)£? 7 7] i & # (circularly polarized glasses) - 17 # 3D % 8% % &
B LA SR TR EL S N R BRI FEEHRT
HEARER B2 g ¥ 0T G AR E - AT KK o
1 B2
B2 L HERES PPN, RILIE T A S - L%p 2R
o - sxptpRaofifo K ek- P¥F5  BEF A SHPB OB
Bt PR AR AT (L R T )R H L e TR B R R
BRSZFESZHRPRAG > AT AENF R FP-ERELE
2. M|k
WA G2 PR a ko QR ARSI R LT B Do TR R
BT BEZ G ERPOEF L R AR 2R BN R RHIES vk 2
A H AR R T A Flpt i pl e ﬁwﬂw:wngh fo BEAR B i Sk i

oo Sk i i B R Ac B]2.15% 5T o

R

Kk (EH)

RAE AR TIAF B

Kk (KF~ EH) e

Bl 215 LT ELE KkHor LW
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AR R o B B 0 e AR S B T I SR S A A R
K po T IR AR BT B BT A P Bk el kiR
TR RN et R R ik k B HRM D FEfe &
BALE T OURL LR LR FWE - LA A T - Ll M Ak
RIZ R e el ™ o ds S REDP O F Boenifil S BT S A 8w R
SR TR Bl foendae AL R 0 g R B 2 AR o @ el s
ALY % #$e 5% P4k (passive 3D glasses)  B12.16 % A7 kR IT T 3 W 5 H2.17

A R RET & oo

RAKRFRTUFE
1 6 BRS04 7K T4 78
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: u“\%
N RAEEFAERTUFSE
B RBRer E A B
i

B 2.16 kA FARY BT LB o
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Bl 218 & kT B G ERA KL s L F -

3. TRA KR

AR Z s FRAREZ > RIEERA FHEZ - R LW P ihFE o L
bk PR B R SR B R IRAE LT BIES v oA o 4ol 219 HA 0 -
B4t o BEAR B A K 1 LCD panel 4~ W4t = . F o A iRiRE - RIS
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it
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MA K DA U - LERPMRY 2 ¥ T kg E g
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2.2.5 P-4
PR BT 4B 221 77 o B AR AT R B R G R TR
A BRI R R E G A b ld e frdkd o s R
RO XFHT 2L RATE R DR T E B LR U S E i
PAd & et o BB - T PR TR AN PP e £ PTRE R el TR B eh
B0t RE Ffed 6 B H D o Aol 222 T ok BT PR RR R 0 R
GEzBRtH iR +ROPGFE O RECE M RS AR T
s AR M f"i?ﬂzﬁﬂ?”'ﬁﬂ%ﬁﬁ”%i@grﬁ%g”ﬁﬂ*/_’f,_* B A S o
EZIEARE A DI 3D AR ATHMEF L R A 60HZ M 0 B
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FALE (2 7 AREBR)R A p R AL A B TR 0 X FF S A B E
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o ARARSDAT T BT 12 S ] s F]pt O RO AR A L] A kg H

TR A R XS

23144 B KN
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24 Ao 3D¢g¢uﬁ

BARZEEANLHAT L LD 3D§s§ﬁﬁ2ﬁ+f’n‘v’i’fl’“$’5*péél W LA
fedFwlendgr > H P F 3 3D 2t B i S B % (head mounted display -

HMD) ¢ & 241 & ¢ 4 % 4k 3D e w & 242 &2 & # P (holographic

projection) ; 2.4.3 & :%84# 3" (volumetric type) ; 2.4.4 &: % T 6 ;% (multi-plane type)

241 ggX 3D BT B
SRE M BAcRI2.27977 [41] > A - Ay HIVORE R o F 0 v 1Y R
Lot Rl R HP AR XA - B A EEBRY PR T
TR A s GRS BT A 4 GE Y R L s B g e
B R S AR TIIT A A BRI R S n B I gt ok & HT i e
XD EAE A A WA % 2 ARE (hologram) sl 4v[23] o & Hp chep ek T B
BMAERLIBEX P FE ABMARFREETY A% TR L8 8 857 Ban¥ 2
BRBFREIWRATEEE TP ER RN BF R E LT ST b

AT B FF L B EBEATF AR R AL 56 o

Bl 2.27 =5 & & or B[41] -
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242 2 LIER
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- AR F G DEFE R DA B BEZ R E T SRR Sk By R
PRI T i FRLET T -FEFEROR PN F R - BT G aR
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TR TR L
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CHFARE LS AL A TR F R SRR A PR
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2.5 R AR 3D i R E

1 23 Hehph 3 0 L AR A (N FARER)F ok B IR 3D sk o 19k sy
FlenB T > 3F @A R0 20 Pod&en 2 2 F % # 55 (spatial
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E—ﬁfl—% o

I35 UAR L gcp (viewecount)d AR EZ R A B e B4 BRI LB
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AEF 3D L FAREZ R ke o WS RP i B By Bk
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B A D ke B A b F Fe - 3D - 47 3DR R A T A

e T oA P R iR TR R R AR~ X

FiTE $ ¥ B3DP T EFE Y ¥ 43R (rendering) 11 % [33] » 4-BI3.247 % o (X
B o PR S e AREDE S T L 2 AT e oE E & A7 + 43D

A2 € (graphic processing unit > GPU) % *» & iFeh % » § Rie? 7 &3 B* &
B (4e3DXFRN AR )T 1 B RAS K o do S B PR AN P& -t DR AR T FIARAR
DT BRF - PP E R LR RT A2 AT + 3D B A AT B K- 3D P i

SAHLE AN K > RS E & o BIDB A FIARARIDE T E -

Brf| | FPE3DE & 7 APL

AT F it
TEERAS
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2R ARE)BHE
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B v A #E 3D WA PRI T L 33 & RE R CET AR S
#3ID A e T L34 R A A LN R AF R F S (rendering) &2 & = kA
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312 & ¢ S 44y i o * I 0penGL & Microsoft DirectX w— i 4 5 o

3.1.1 % Bu3k 3tmst

Bl 3.3 5 % SLenZE fR A2 ] 0 BBk SLen AR e A B o & - R0
™% MATLAB 3 & #3500 2T 5 > 2w MATLAB B3 i@ * ﬂ i o
(graphical user interface » GUI) % &&— {5 #e3t e T & > wfed OpenGL(open
graphics library) & ;% & 513D i Bl # s o 348 B 218 5 3D HoA s Rt o B
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3.1.2 OpenGL £ DirectX

OpenGL (open graphics library) » & & £ B % cnB 25420 S B B8 7
B iR+ pde#n2D - 3D BA; APl(application programming interface » & * %
BAG) AN RT J P SHRBEY RERETHRT LEREL L BED R
R4 OB 4250 o OpenGL Ejh = 2t AR T 4 17k ALV H v g 1% K bieno v
T ey e 7 CAD~p A1~ R -G B g - W32 DRHEIEF
g P pF o> OpenGL B4 4250 Fﬁ%ﬁf‘%‘“’;’ AT 1 iFxb N TARRRT HEM 2R G
OB R R AR Tk DB I Bk -

Microsoft DirectX(direct extension)&_d iicdic = #2222 1 5 SRR W2 5 >
SHBI s BT s R RE A RS APl d CHHeNzE = 9 iF - 2 APl # § DirectX
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<)

AR 2% * 3t Microsoft Windows ~ Microsoft Xbox & & + #5kB2 » ¥ 7 T L

o B2 7% DirectX A— S X B RjF F B4 5 X DR F A g TAEL > B A

% AP

| | DirectX 3D |

-I DirectX Graphics

DirectX Draw |

Dil‘eCtX — | DirectX Sound
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& FAPI — | DirectX Input |

—| DirectX Setup |

—| DirectX Play |

B 3.4 OpenGL ¥ DirectX » #5+ % Bl °
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3.2.1 #2%3

MATLAB = & #% 47 #4742 5% > .1 MATLAB B2 & *

IREESESE
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(©) (9) (k)

(d) (h) ()
B 421 F%kplFERTe L2 ®e. @ %- 2£50cm;(b) %- % 100cm ;

(c) % - %2 150cm; (d) % - %2200cm; (e) % = 2 50cm; (f) % = % 100cm ; ()
% = ®2150cm;(h) % = %.200cm; (i) 2% 50cm;(j) 8<% 100cm; (k) §z<% 150cm;

(N 3% 200cm -
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(d) (h) )
Bl 422 98Pl s F 29423004 ¥ a8 F - (2 %- 2 500m; (b) -

2 100cm ; (c) % - % 150cm; (d) % - & 200cm; (e) * = & 50cm; (f) % = =
100cm; (g) % = = 150cm; (h) % = % 200cm; (i) 2% 50cm; (j) 2% 100cm ;

(K) g+ 150cm ; (I) §g+% 200cm -
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(d) (h) )
Bl 423 F5%pIES F 29 & R45°4 288 Bl - (2) % - 2 500m; (b) & -

2 .100cm ; (c) % - % 150cm; (d) % - & 200cm; (e) % = & 50cm; (f) % = =
100cm; (g) % = % 150cm; (h) % = % 200cm; (i) 2% 50cm; (j) 2% 100cm ;

(K) g+ 150cm ; (I) §g+% 200cm -
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(h)
B 424 foplFd ke £ R60°: TBEEH - (@ ¥- 250em; (b) ¥ -

4.100cm ; (¢) % - 2 150cm ; (d) % - 2 200cm; (e) % = 2 50cm; (f) % = =
100cm; (g) % = % 150cm; (h) % = % 200cm; (i) 7<% 50cm; (j) §E <% 100cm ;

(K) g+ 150cm ; (I) §g+% 200cm -
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(d) (h) )
B 425 FpPEYE P2 4323004 285 B - (@ %- 250cm; (b) ¥ -

2 100cm ; (c) % - % 150cm; (d) % - & 200cm; (e) * = & 50cm; (f) % = =
100cm; (g) % = = 150cm; (h) % = % 200cm; (i) 2% 50cm; (j) 2% 100cm ;

(K) g+ 150cm ; (I) §g+% 200cm -
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(d)

100cm; (g) % = = 150cm; (h) % = % 200cm; (i) 2% 50cm; (j) 2% 100cm ;

(K) g+ 150cm ; (I) §g+% 200cm -
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100cm; (g) % = % 150cm; (h) % = % 200cm; (i) 7<% 50cm; (j) §E <% 100cm ;

(K) g+ 150cm ; (I) §g+% 200cm -
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