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of the scene. To take advantage of the entire array
size, the lenses are cut into squares and stuck to-
gether.

For each fluorescent wavelength, the suitable
bandpass filter F2 is positioned in front of the mono-
chrome digital camera. Each time the camera cap-
tures, through its imaging lens and in a single snap-
shot, another 3 � 3 projection set. An additional 3
� 3 projection set of the nonfluorescent light reflected
from the scene is also captured with both filters F1
and F2 removed.

Next, the view-synthesis algorithm is used to digi-
tally predict the middle projections between the
3 � 3 captured projections. Given two projections, this
algorithm first calculates the correspondence map
containing the displacements of each pair of corre-

Fig. 1. Optical system for acquiring 3 � 3 perspective pro-
jections simultaneously by using a macrolens array.
sponding pixels in the two given projections. Then,
the algorithm predicts how the scene would look from
a new middle viewpoint by interpolating the loca-
tions and intensities of the corresponding pixels [7].

Let us number the final MVPs with m and n, such
that the middle projection is denoted by �m ,n�
= �0,0� , the upper-right projections by positive indi-
ces, and the lower-left projections by negative indi-
ces. The 2-D DIMFH is generated as follows:

H�m,n� =�� Pm,n�xp,yp�exp� i2� b�xp
2 + yp
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where Pm,n�xp ,yp� is the �m ,n�th projection and b is
an adjustable parameter. The mathematical relations
between an arbitrary point �xs ,ys ,zs� in the 3-D scene
(where the coordinate origin is defined on the center
of the middle macrolens) and its projected point
�xp ,yp� on the �m ,n�th projection plane imaged on the
camera are given as follows:

xp = Mc�f��xs − m� � /zs, yp = Mc�f��ys − n� � /zs, �2�

where Mc is the magnification of the camera imaging
lens, f is the focal length of each macrolens, and � is
the camera gap between every two adjacent projec-
tions. Using Eqs. (1) and (2) a hologram of a single
point object �xs ,ys ,zs� , having an infinitesimal size of
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The volume integral over all single-point holograms, resulting from all 3-D scene points, yields the final holo-
gram of the 3-D scene as follows:
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where M=Mc�f�/zs is the magnification through the
entire optical system and � p is the pixel size of the
digital camera. The first part of Eq. (4) is similar to a
2-D Fresnel hologram of the 3-D scene [5]. However,
from the exponent of the second integral in Eq. (4),
the hologram is in fact a sampling pattern of the
scene by a 2-D sampling function, which creates
unique transverse magnifications of Mx=My= � p / � .
Thus, in contrast to a conventional imaging system,
the DIMFH transverse magnifications are indepen-
dent of the axial positions of the objects in the 3-D
scene. This effect can be eliminated by scaling the re-
constructed planes by M /Mx [8].

The DIMFH is reconstructed digitally by convolv-
ing it with quadratic phase functions scaled accord-
ing to the reconstruction distances (digital Fresnel
propagation). Finally, the reconstructed images from
the different holograms are superimposed to form a
single multicolor 3-D image.

To demonstrate the method experimentally, we
implemented the optical system shown in Fig. 1.
Three white cubes, each 2 cm � 2 cm � 2 cm in size,
were positioned in front of a background picture. This
is the first time that we have demonstrated that
MVP holograms can be obtained even in the presence
of a background. The letters “EOL” and the digits
“123” were printed on the cubes and painted with red
and green fluorescent dyes, red “E” and green “1” on
the closest cube, located 42 cm from the macrolens
array; green “O” and red “2” on the middle cube, lo-


