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Abstract 
A new recognition method is used to find the three-
dimensional target object on integral imaging. For 
finding the location of a target image, amount of 
reconstructed reference image is needed. This method is 
giving accurate information of target image by 
correlated among reconstructed target images and 
reference images. 

 
 

1. Introduction 
 

Basically, integral imaging is composed of two 
processes: pickup and reconstruction. In the pickup 
process, a set of de-magnified images with different 
perspectives of a 3-D object, called an elemental 
image array (EIA) can be optically captured by using 
the CCD camera through a lenslet array or 
computationally generated by using the computer 
simulation model of ray optics. 

There are also two kinds of reconstruction method: 
optical integral imaging reconstruction (OIIR)[1] and 
computational integral imaging reconstruction 
(CIIR)[2]. In the OIIR technique, 3-D object images 
can be optically reconstructed from the picked-up EIA, 
whereas in the CIIR technique, they can be 
computationally reconstructed. 

Here the CIIR technique can allow us to reconstruct 
a 3-D object image as a set of discrete plane object 
images (POIs) along the output plane, so that many 
kinds of CIIR-based 3-D object recognition method 
have been proposed by using this unique feature of the 
CIIR algorithm.[3-5] 

In these systems, for recognition of the 3-D target 
object a correlation operation between the target POIs 
reconstructed by the CIIR algorithm and the reference 
object image has been mostly employed. However, 
with the CIIR algorithm, only the POI reconstructed 
on the output plane, where the object was originally 
located is clearly focused, whereas the other POIs 
reconstructed away from these focused planes are not. 

In other words, on the target plane, a clearly focused 
target POI and many defocused POIs resulted from 
the objects located on the other planes are 
simultaneously reconstructed, so that these blurred 
POIs should act as a noise to the focused target POI in 
the process of correlations, which results in a 
significant performance reduction of the conventional 
correlation-based 3-D object recognition systems. 

Therefore, in most conventional CIIR-based 3-D 
object recognition systems a test object has been 
modeled as a 3-D object composed of a limited 
number of 2-D plane objects located different depth 
planes, in which correlations were performed between 
a set of 2-D target POIs reconstructed along the output 
plane by using the CIIR method and the prepared 2-D 
reference object image. 

Meanwhile, for the case of 3-D volumetric objects 
the CIIR algorithm couldn’t uniquely reconstruct the 
focused target POIs from its picked-up EIA. Here the 
3-D volumetric object can be modeled as a number of 
infinitesimally sliced 2-D plane objects, so that the 
POIs reconstructed at any target planes are inevitably 
mixed with a lot of defocused POIs resulted from 
neighboring image planes, which results in 
reconstruction of heavily blurred target POIs. 
Therefore, with these blurred target POIs we can’t get 
a high correlation value for recognition of 3-D 
volumetric objects.  

Accordingly, in this paper we propose a novel CIIR-
based 3-D image correlator system for effective 
recognition of 3-D volumetric objects by employing a 
set of reference POIs reconstructed by the CIIR 
technique, which might be regarded here as a 3-D 
reference object, in the process of correlation with the 
target POIs reconstructed along the output plane. That 
is, in the proposed method, a group of depth-
dependent reference POIs is used for 3-D target 
recognition contrary to the conventional method, in 
which only one 2-D reference object image is used for 
making correlation with a set of target POIs.  
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Some experiments with 3-D volumetric objects are 
performed to confirm the feasibility of the proposed 
method and the results are discussed. 

 
 

2. Proposed method 
 
 

 

Fig. 1 Block diagram of the proposed method for 
recognition of CIIR-based 3-D target. 

 
Figure 1 shows a block-diagram of the proposed 

CIIR-based 3-D target recognition system. It largely 
consists of three steps.  

In the first step 3-D volumetric target objects, which 
are randomly located in space, are picked up as a form 
of the EIA with the lenslet array in the integral 
imaging system and from this picked-up EIA a set of 
target POIs is reconstructed at each output plane 
corresponding to the multiple distance of g. In the 
second step, a set of EIA of the reference 3-D 
volumetric object is captured at each pickup plane 
corresponding to the multiple distance of g and these 
picked-up EIAs are also reconstructed at each output 
plane corresponding to the multiple distance of g. 

Finally, simultaneous correlations between the 
reconstructed target and reference POIs at each output 
plane corresponding to the multiple distance of g are 
performed for recognition of the 3-D volumetric target 
object. Here in this method, a group of reference POIs 
reconstructed along the output plane is simultaneously 
used in the process of correlation with a set of target 
POIs contrary to the conventional method in which 
only one reference object image is used 

 
2.1 Pickup of 3-D volumetric target objects and its 
reconstruction 

 
As shown in Fig. 2, three animal objects named 

‘Horse’, ‘Elephant’ and ‘Deer’ are used as the test 3-D 
objects, which are mutually non-overlapped along the 
longitudinal direction and located at zP_tar1 = 12 mm, 
zP_tar2 = 15 mm and zP_tar3 = 18 mm, respectively in 
front of the pinhole array and each length of these test 
animal is estimated to be 15 mm. 

 

Fig. 2 Experimental setup for pickup of the EIA of 
three 3-D target objects 

 
Then, the EIA of these 3-D target objects is 

computationally picked up. That is, the EIA of the 
target objects with 1,600 by 1,600 pixels is digitally 
synthesized, in which the virtual pinhole array is 
assumed to have 40 by 40 pinholes and the size of 
each elemental image is assumed to be 40 by 40 pixels.  

The distance between the virtual pinhole array and 
the elemental image plane is assumed to be 3 mm. In 
addition, the image resolution of ‘Horse’, ‘Elephant’ 
and ‘Deer’ is given by 198 × 402, 260 × 350 and 350 
× 504 pixels, and its center location in the image plane 
of 1,600 by 1,600 is set to be (300, 200), (400, -300) 
and (-200, 0), respectively. 

From this picked-up EIA, POIs of the 3-D target 
objects can be reconstructed along the output plane by 
using the CIIR algorithm. As the reconstructed image 
planes can be differently taken by increasing the 
distance from the pinhole array with a small 
incremental step of Δz, a discrete set of POIs for the 3-
D target objects with different depth data can be 
generated. 

Here in this paper, the output image plane is 
increased from zP_tar = 3 to 30 mm with an incremental 
step of Δz = 3 mm, so that 10 kinds of POIs for the 3-
D target objects are obtained as shown in Fig. 3. 

 

 
Fig. 3 Target POIs reconstructed from the picked-

up EIA along the output plane 
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As we can see in Fig. 3, there are no clearly focused 
POIs for the 3-D target objects, because each target is 
not a 2-D plane object, but a 3-D volumetric object. 
For example, Fig. 3(e) shows the target POI 
reconstructed at the distance of 15 mm, where the 
front side of ‘Horse’ was originally located, so that 
only the front image of ‘Horse’ is reconstructed to be 
focused a little bit, but the object images reconstructed 
on all the other planes are much blurred. This result 
could be well explained basing on the property of the 
CIIR algorithm mentioned above, with which only the 
POI reconstructed on the output plane, where the 
object was originally located is clearly focused, 
whereas the other POIs reconstructed away from these 
focused planes are not. 

In cases of Fig. 3(h)-(j), some image part of ‘Horse’, 
‘Elephant’ and ‘Deer’ are still reconstructed as a 
focused form because each object has its length of 15 
mm, which means they were all captured in the pickup 
range. 

Thus, it is well known from Fig. 3 that a small part 
of the 3-D object image is focused, but most part of 
the 3-D object image get blurred in all target POIs 
reconstructed by using the CIIR technique. That is, for 
the case of 3-D volumetric objects, the CIIR algorithm 
couldn’t uniquely reconstruct the focused target POIs 
because the CIIR technique only allows us to 
reconstruct a 3-D object image as a set of discrete 
POIs along the output plane, and moreover the POIs 
reconstructed at any target planes are inevitably mixed 
with a lot of defocused POIs resulted from the 
neighboring image planes, which results in 
reconstruction of heavily blurred target POIs and 
deterioration of correlation-based target recognition 
performance. 

 
2.2 Pickup of the 3-D volumetric reference object 
and its reconstruction 

 
In the experiment, a 3-D volumetric reference 

object is assumed to be the animal object of ‘Elephant’ 
and a set of EIA of the reference object of ‘Elephant’ 
is picked up along the output plane in the proposed 
method. That is, the 3-D reference object of ‘Elephant’ 
is located at zP_ref = 3, 6, 9,…, 30 mm, respectively in 
front of the pinhole array and then, sequentially 
picked up its corresponding EIA at each location of 
zP_ref. 

The incremental step of each location of the 3-D 
reference object could be set arbitrarily, but here in 
this paper this incremental step is assumed to be 3 mm 
which is equal to the distance g between the pinhole 
array and pickup plane. 

 

Fig. 4 Experimental setup for pickup of the EIA of 
the reference 3-D object of ‘Elephant’ 
 

Figure 4 shows the views of the reference 3-D 
volumetric object of ‘Elephant’ located in front of the 
pinhole array and it has a length of 15 mm. 

A set of EIA of the reference object with 1,600 by 
1,600 pixels is digitally synthesized, in which the size 
of the virtual pinhole array and the size of each 
elemental image is assumed to have 40 by 40 pinholes 
and 40 by 40 pixels, respectively. The distance 
between the virtual pinhole array and the elemental 
image plane is also assumed to be 3 mm just like the 
pickup case of the target objects. 

10 kinds of EIAs for the reference object of 
‘Elephant’ picked up at each depth plane of zP_ref = 3, 
6, 9, …, 30 mm.  

From these 10 kinds of picked-up EIAs we can 
reconstruct POIs of the reference 3-D object along the 
output plane by using the CIIR algorithm. As the 
reconstructed image planes can be differently taken by 
increasing the distance from the pinhole array with a 
small incremental step of Δz, a discrete set of POIs 
with different depth data can be generated. 

 
2.3 Correlation-based recognition of 3-D 
volumetric target objects 

 
In the conventional CIIR-based correlation method, 

the target POIs reconstructed with the CIIR algorithm 
and the 2-D reference object image are employed in 
the correlation process for recognition of the target 
object. Thus, the output plane on which the highest 
correlation value occurred is potentially regarded as 
the location of the target object.  

But, in case of the 3-D volumetric target object we 
can’t computationally reconstruct the target POIs 
clearly, because with the CIIR algorithm only the POI 
reconstructed on the output plane, where the object 
was originally located is clearly focused, whereas the 
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other POIs reconstructed away from these focused 
planes get blurred. Therefore in this paper, a 3-D 
volumetric object is employed as a reference object.  

In first, the output plane increases from zr_tar = 3 to 
30 mm with an incremental step of Δz = 3 mm, so that 
10 target POIs are obtained.  

Secondly, a set of reference POIs with different 
depth information is reconstructed along the output 
plane so that 100 (10 ×10) kinds of POIs in total are 
obtained for 10 EIAs. 

To quantitatively evaluate the similarity between the 
POIs of the target and reference image, a normalized 
cross-correlation (NCC) is employed. 

 
 

    

Fig. 5 Averaged correlation values for three cases 
of the reference object; conventional (left) and 
proposed (right) method 
 
Figure 5 shows the averaged cross-correlation 

values. As left on Fig. 5, the target objects of ‘Horse’, 
‘Elephant’ and ‘Deer’ are found to be located at the 
distances of 18, 21 and 27 mm, respectively. But these 
results turned out to be wrong, which is resulted from 
the fact that each target object is not a 2-D plane 
object, but a 3-D volumetric object as noted above. 

In addition, once the longitudinal positions where 
the objects are located have been detected, lateral 
coordinates of the objects can also be obtained 
through correlations between the reference 3-D object 
images and the corresponding POIs reconstructed on 
the plane where the objects were originally located. 

 
 

 

Fig. 6 Correlation outputs for ‘Horse’, ‘Elephant’ 
and ‘Deer’ 

 
 Figure 6 shows lateral profiles of the correlation 

results. From the correlation outputs of Fig. 6 lateral 

positions of ‘Horse’, ‘Elephant’ and ‘Deer’ were 
found to be (300,200), (400,-300) and (-200,0), 
respectively. 

Thus, from the experimental results of Fig. 5 and 6, 
3-D location coordinates of the target objects were 
finally found to be (300,200,12), (400,-300,15) and (-
200,0,18), respectively. By comparing these results 
with the original location coordinate of the target 
object, it is found that they are exactly same each 
other. 

That is, in the proposed system, 3-D image 
correlations between two sets of target and reference 
POIs reconstructed by the CIIR method were carried 
out, so that 3-D volumetric objects was found to be 
effectively recognized with this proposed CIIR-based 
3-D image correlator. These experimental results 
might finally confirm the feasibility of the proposed 
CIIR-based 3-D object recognition system in the 
practical applications. 

 
 

3. Summary 
 

A new recognition approach has been proposed. In 
the proposed method, the 3-D object is used for 
reference. By use of CIIR technique, lots of reference 
POIs are employed for NCC with target POIs. 
Experimental results with test objects showed that the 
accurate location was searched by comparing to that 
of the conventional recognition method. 
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