HOLOGRAPHY

FINCH holography uses
incoherent illumination

Incoherent-light holograms are poten-
tially useful in three-dimensional (3-D)
outdoor and astronomical imaging, as
well as tluorescence holographic micros-
copy. Although 3-D computed holograms
have been created by taking multiple im-
ages of incoherently illuminated objects
from multiple points of view, this process
is slow and many images are needed. An-
other technique, scanning holography,
uses a point detector to integrate the light
intensity from Fresnel zone platesthat
are mechanically scanned over the object.
Although the process produces a Fresnel

hologram (obtained as a correlation be-
tween the objectand the zone-plate pat-
terns), itis also relatively slow.

Using a variation of Fresnel holography,
researchers at the Johns Hopkins Univer-
sity Montgomery County Campus I nte-
grated Imaging Center (Rockville, MD)
have implemented a new and faster meth-
od of recording holograms. The method,
called Fresnel incoherent correlation ho-
lography (FINCH), uses incoherent illu-
mination." 2 Instead of using mechanical
scanning or movement, the technique re-
cords on a CCD three sequential images
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FIGURE 1. In a demonstration of FINCH, three white-on-black letters
are positioned at different physical locations from the nonscanning
optical setup. A sequential series of three holograms—each using

a different phase constant of a diffractive optical element—are
recorded to produce an image of the 3-D object in three different
image planes, each corresponding to the optimum focus of the
individual letters. (Courtesy of Johns Hopkins University)

of light reflected by a 3-D incoherently
illuminated object that have propagated
through a diffractive optical element
(DOE). The three recorded holograms use
a different phase factor of the DOE and
are then superposed in the computer, re-
sulting in a Fresnel hologram that reveals
the physical features of the 3-D object.

In one experimental setup, a white-
light arc lamp illuminates a 3-D object
consisting of three white-on-black letters
(0, 8, and A), each with dimensions of 2 x
2 mm. The reflected light passes through
a focusing lens and onto a DOE displayed
on a spatial light modulator (SLM). The
letters are positioned 24, 48, and 72 mm,
respectively, from the rear focal point of
the lens. The SLM operates in reflection
mode, but could be used in transmission
mode. In front of the lens, a filter passes a
Poisson-like intensity spectrum between
574 and 725 nm with a peak at 599 nm
and a bandwidth (full-width at half-max-
imum) of 60 nm. The three holograms,
each with a difterent phase constant of
the DOE (07, 120° and 240°), are record-
ed with a cooled CCD camera.

Treating the optical system as an inco-
herent interferometer, a series of math-
ematical calculations analyzes the system
following its response to an input object
of a single infinitesimal point. When the
object’s point-spread function is known
or estimated, the system operation for
any general object can be realized. Analy-
sis of a beam originating from a narrow-
band infinitesimal source can be com-
pleted using Fresnel diffraction theory.

Digitally reconstructed image
Three holograms of the same object are
recorded at different phase constants; the
final hologram is a superposition of the
three individual holograms. The 3-D im-
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age is then recon-
structed using a
Fresnel propagation
formula. Asis ex-
pected from a holo-
graphic reconstruc-
tion of a volume
object, any num-
ber of planes can be
reconstructed. In
one example, three
different recon-
struction planes are
shown with a differ-
ent letter in focus in each plane (see Fig 1).
In another example, blue light passing
through a filter from a white-light arc-
lamp source illuminates two dice, each
8 mm on a side with spots painted with
red- and green-emitting fluorescent paint.
The dice are positioned 228 and 260 mm
from the lens. Three holograms are taken

FIGURE 2. To demonstrate reflected-light
and fluorescence-light holography, two
dice are positioned at different physical
locations from the FINCH setup and
illuminated with blue light. Holograms

for each emission color are recorded

by the FINCH technique and combined
to produce an image of the 3-D object.
(Courtesy of Johns Hopkins University)

and multiple reconstruction planes im-
aged with a different die in focus in each
plane (see Fig. 2).

“The FINCH technique shows great
promise in rapidly recording 3-D infor-
mation in any scene, independent of illu-
mination,” says researcher Joe Rosen.

The researchers hope the technique will
facilitate a wide range of imaging applica-
tions, including holographic photography
and fluorescence holographic microscopy.
Their start-up company, CellOptic, is sup-
porting its commercialization.

Gail Overton
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