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Optical implementation of 3D image correlator using integral imaging technique
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ABSTRACT

In this paper, we propose an implementation method of 3D image correlator using integral imaging technique. In the proposed method,
elemental images of the reference and signal 3D objects are recorded by lenslet arrays and then reference and signal output plane images with
high resolution are optically reconstructed on the output plane by displaying these elemental images into a display panel. Through
cross-correlations between the reconstructed reference and the single plane images, 3D object recognition is performed. The proposed method
can provide a precise 3D object recognition by using the high-resolution output plane images compared with the previous methods and

implement all-optical structure for real-time 3D object recognition system. To show the feasibility of the proposed method, optical experiments
are carried out and the results are presented.

719l

Integral imaging, Plane images, object recognition, 3D image correlator

* 20ista MAZ5a 3DRC LR 2009. 02. 20
» SFEn 2SI s DAY AAFREZ LA} 2009. 03. 20



@A A taF o) Aol QAN FEE 71
271X 1 gl Ao HuDﬂé%ﬂﬂﬂ%ﬂéﬂ
o gaEeo| o 2 3D Tt FA4E Ao
FozA BHoh A7 o 787:}8 Al A A A F &
T At A2 =3p HaEol g A3l 2HH A=
¥, 2239, 494 THh 2 s sl At
7hets) 3 9)e}.

o] ol Al 312 4/ (integral imaging) 7] =& E A 3D
A ARE 7| H L Y2 Edol & 5 e 3D 7%
T dhtoln A=uEE o] &3t Hu; e AH
(perspective)ol| Al 3D B4 & #35E ¢ Ao} [1-6). BH
B4 71€2 Y (pickup) t]2=F e ¢] (display)d] F
7HA BRo 2 vE 5 9l U4 §&olAE=3D 24
o] ARE A= 9dFH CCDE ol &3t 84 94
(elemental images) & 7] &3} 3, 0|9} & t2Z o]
RFRANE IS¢ 22948 4ok A=NAL §
Hsted 3D 3L A AA % TLF AA )M LCDS
2e Y2Bd ol 3Ao) EF3A Bk

2,3 YHGY 7o) R R 0|8 o] &
3o} 3D BAE HE5R A she AT LS QY
¥ 3L At} [7-15]. Matoba 5 -& 2001\l A=A L o
8% A AA7E 334 3D £ 4] ) 4 (correlation)
WS A He I, Frauel 9} Javidis 200230 249
Fo2NH AT OF BAH S HolBRE FA}L
3D ©] & A B (shift information) = ©]-&3t] 3D B A& Q)
A3k & AQFsh Atk E 320053 o Park 5& 7
FE A o2 A A Boln| 2] i & (sub-image array) &
o]-&3 3D EAE A4 & WE S A dEA ) shx uk
]a—} k18 Hl-tn:—__g_ 3H)\LE7]_ \%L_‘Q__ ;5]._‘9: OAL (_9,_/\ o:bx} :9‘_

S M B AN ES 0] &3t FH B S v wdly] o
ol 94 A3} e F2 A Y oA o] Foix =

Fal
A

e nol7] M 71 2AY B AP s st 2

A7E By

AAAA 71£-L 1908 Lippmandl] 23te] Akd
o] ¥ 473D GAE EARH o2 AAE] A A Bol
AT Fofl ok Yk o JAFY 7|g& 19 17
Zo| IAFo} AYRZ FEAT FH A LR
A W= wEH 2D YA AME T4 H itk 2
1@ A4 FA oA 3D SA = 7E A Y A
71 2 g ARe A= wdel Y= 1,2D 94 AlA
E ALt 94 dA g delo gA o= AAE
AAd 94 G4 g2 3D A 9] 24 A= it} o4
T2 Heo 594 345 7HAA gk 28 1) AR
0 #49 9 A4 & AAA d F, A Fd &

(3

39
A G g taEdo] 92 ol EXFH L, 3D B
e Yagye] dd ¢l A= I s Foto 34
SEDEL!
Lenslet
3D object

@

Elemental
image

Lenslet
LCD panel array

()

O 1. AP 2| (@) HY () S
Fig. 1 Principle of integral imaging (a) pickup (o)
reconstruction



=R oA AQah= 3D G dvlel 7
290 UERHSATE 27 ol A A 7
F4 3% Hageo] 4 & BF A

7] =

Mr ox 2 o

IN

HA, AR E Z2 B4 r(x,,y,,2,) 7 A
B oA z, Q1 A2l S1A3ke] ek 7hg st ar, 914
st 3k B s(x,,y,,2,)E A2 wjdo A o
9]z, A $1 A3 vk 7H4EE &“ﬂ o]

| AA] (sensor 1)o] o8] FF EA 9} <)
BA9 0 GHE AL 5 T

I‘IF
E

N
it 1g I

N oo |o

4
3
:?‘;.
;
X
’z?
Z
=]
]
é
o -
)
e
Nt
of
o
o
it

%9 ¥ 9 Houtput plane
P GAEe e
o] o] Fo] A7
ZEa1 gtk B8t H 0 2 A
Ad A2 BAY 22 99U 94 R(z,y,.2,) < T 9
7Y o] m| ] ﬂl’ﬁ (sensor 2)) «]EH A7 Fz BA7L A
2 AR A 71 &

_\L‘,
i)
N
2
2
i
J

:’.‘:
et

X

[aul

=)

o

ﬂ![ﬂl

2 nXE
L)
Cs
=2
_>1:

iz

)f

o} Sl PrOﬂHbﬂE] 2, ol Wt A A
g A3y %%% Sz y,2,.) o R(zx,,y,,2,) }OH
FRBAE T3 2ol AR,

Oz, y, 2,) = R(2,, Yy, 2,) (2, Yo 2,.) )]

1 (1)) A3 A3 .z,

(
3

o > >

9
B
A}

% 2 Hetst= dhHeol JHEE (a) EZE Aol
it 2T Yool =9 () ME2H e Y
o AlO =]

Fig. 2. Schematic diagram of the proposed method
(a) Reconstruction of output plane image for
reference object (b) Reconstruction of output plane
image for signal object.
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Fig. 4 Reference 3D object (a} Elemental images
{b) Output plane image
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Fig. 5. Integral plane images reconstructed in the
screen located at z=6 cm (a) When signal object is

moved in the longitudinal direction (b) When signal
object is rotated.
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ig. 6. Cross—correlation results when the reference
object and signal object are identical.
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Fig. 7. Comparison of cross—correlation
{a) Longitudinal shift of signal object (b) Rotation of
signal object.
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