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The peculiarities of associative holographic image formation at the initial image saving
stage in different registration media have been studied. It is shown that the recovered
associative holographic image quality can be theoretically predicted and is defined by the
recovering beam area. The experiment and simulation results on the associative holo-
graphic image quality with the different reconstruction beam area are shown.

Hccaemopanbl ocobenHHocTH (POPMHUPOBAHUSA ACCOIIMATHBHOIO rojiorpadguuecKkoro mnaodpa-
JKeHUsI B IIPOIlecCe HAYAMBHON sanrcy HHGOPMAIMYA B PASJIUYHBIX PErdCTPUPYIOMINX CPeaax.
IloxasaHo, YTO KAaYeCTBO BOCCTAHOBJIEHHOI'O ACCOIMATHBHOrO M300paKeHUs MOXKeT ObITh TEeO-
peTUYeCKM IPEACKA3SaHO U OIpeAelsercd ILIONIAAbI0 BOCCTAHABJAMBAKIIEro HydYKa. lIperx-
CTABJIEHBI PE3YJIAbTATH KCIEPUMEHTAJIbHBIX MCCAEIOBAHUN M MOIEJIHNPOBAHUS KAuecTBa acco-
AATUBHOTO roJOorpaduueckoro n3obpaskeHns MIPY PASIMYHBIX 3HAUEHMAX ILIOLIAIM BOCCTA-

HaBJMBAIOIIEro IIyYKa.

The formation of associative holographic
images is an actual problem of coherent op-
tics, image processing and optoelectronics due
to the increasing need of optical information
coding/decoding, image correction, and image
transmission through a distorting medium.
To solve these applied problems, non-phase
detecting methods were proposed to be used
in some cases. In such methods, information
and energy losses are high, so it is impossible
to detect a low intensity signal.

The correlation holography [1] and adap-
tive optics methods seem to be among the
most successful and promising solution
methods for those problems. The associative
image formed by means of those methods is,
however, not always ideal. For example, in
case of phantom image forming, its infor-
mation structure does not essentially differ
from the original, but the image intensity
over the field is inhomogeneous [2]. And
vice versa, when the recovered associative
image is homogeneous to the maximum ex-
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tent, its information structure does not
completely meet the initial one [2]. There-
fore, the studies on formation and quality
of the associative holographic images are
actual and necessary both from physical and
applied point of view. The aim of this re-
search is to determine the relationship be-
tween the recovered associative image qual-
ity, the distortions produced at the recon-
struction stage, and the limiting distortion
at which the image is still identifiable.

The holographic scheme that provides
the recovered signal closest to ideal re-
sponse is Fourier holography scheme with
equal reference and signal beams [3]. In
general, this scheme is a telescopic system
with two objectives that have a common
focal plane. In the front focal plane (x{,y)
of the first objective, an amplitude-phase
transparent is placed which defines the
structure of the optical signal being investi-
gated. The hologram formation process oc-
curs in the common focal plane (x4,y5) at the time
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point (5. Then, in the back focal plane (x3,y3) of
the second objective, which provides the inverse
Fourier transformation of the optical signal at
time point 3, the recovered signal is recorded.

According to [3], the recovered image A(x3,ys,t5)
will be defined by the "square™ matrix N-N:
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The "diagonal™ elements
Ay = Af1A1)" + Eqq,
Ay = Agy(As0)* + Eg,
Ay = AGNA'NN)* + Eyy define the useful

signal while non-diagonal ones produce the

background illumination.
If the hologram is recovered with a part

of the beam, then the recovered signal will
be defined as a "rectangular” matrix N-(N —
M), where M is the number of missing ele-
ments in the recovering signal. In this case,
the number of "diagonal” elements decreases,
thus, the contribution of the non-diagonal
elements will additionally increase the back-
ground component, which makes the image
quality worse. It is seen that in both cases,
the recovered image will be a result of back-

ground and useful constants overlapping.
The level of their mutual contribution

can be estimated using the image quality
evaluation procedure comparing the relative
brightness of the recovered image elements.
Thus, in case of one-bit image, the average
relative brightness of the white fragment
(the transparent gauzy part) is compared
with the average brightness of the dark
fragments (corresponding to 100 % absorp-
tion of the appropriate transparent part).
Hence, the model for objective determina-
tion of the image quality is created. In the
common case, the formula that charac-
terizes the image quality can be written as
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Q is the quality of the image (the identifica-
tion level); Iy, the relative brightness of
the white fragment; I, that of the dark
fragment; Sy, the white fragment area; Sp,
the area of dark fragments surrounding a
white fragment; and W, the number of
white fragments. The summation over i and
j corresponds to the summation over all the
pixels of the image. It is to note that the
calculation error can be minimized by aver-
aging Iy, and Ip values over the all pixels,
because the dot value in the detector raster
is substantially smaller than the real physi-
cal one.

Comparing (1) and (2), it is easy to show
that the identification level of the associa-
tive holographic image will be defined by
the number (N — M) of "diagonal” elements
in the matrix (1), i.e. by the area of the
recovering beam. Thus, the identification
level of the recovered associative holo-
graphic image will depend linearly upon the
recovering beam area.

To study the associative holographic
image formation depending of the recover-
ing beam visible area and to evaluate the
image quality, an appropriate optical
scheme for the hologram saving and recov-
ering was assembled (Fig. 1).

At the hologram storing stage, the laser
radiation expanded by the telescopic system
passes through the amplitude-phase trans-
parent Tr and hits the beam splitting sys-
tem SP. Then the two beams pass the
Fourier-transformation objective O; at the
intensity ratio 2:1 and angle 12° and inter-
fere in the medium H. The beam splitter
system consists of beam splitter cube Sp,
and rotary prism Spy. Two media with dif-
ferent recording mechanisms were used to
store holograms: a photorefractive
LiNbO5(Fe*) crystal and thermoplastic film
of poly-N-epoxypropylcarbazole (PEPC).

At the hologram recovering stage, one of
the beams is intercepted. The recovering
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Fig. 2. Some associative images of holograms.

beam, diffracted on the hologram, after the
inverse Fourier transformation produces the
recovered associative holographic image
which is registered on the CCD matrix of a
TV camera installed in the second objective
04 back focal plane.

While the experimental measurements
were taken, the computer simulations of
storing and recovering processes for the
tested images were made in the MatLab.
Both the recovered images and the simu-
lated images were stored as BMP files. Then
the files were imported to the MathCAD
where they were analyzed by the algorithm
based on the formula (2). According to the
data obtained, the dependences of the Iden-
tification level @ on the recovering beam
visible area S were plotted. Fig. 2 shows
some associatively formed images. In Fig.
3, the plot of the identification level de-
pendence on the recovering beam open area
is shown.

It is seen that even in case when the
hologram is recovered with the full recov-
ering beam, the identification level does
not attain 100 %. This is due to the cor-
relative mechanism of the image forma-
tion, i.e. with the "non-diagonal” elements
in (1), or, in other words, to the back-
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Fig. 3. The dependence of the identification
level against to the scanned beam open square.

ground illumination of the recording signal.
Optical inhomogeneities of the recording
media and optical equipment are among the
experimental factors that can decrease the
image quality. When considering the simu-
lated images, it is necessary to take into
account that Fourier transformation calcu-
lation algorithm is simplified.

The small dynamic range of the TV cam-
era CCD matrix is the reason of the lower
identification level values for the simulated
images. That is, the system cannot repro-
duce the whole gray level range of the re-
covered image due to its high resolution.
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This means that at the stages of detection
and analyze of the recovered image, the
true color rendition is distorted by black or
white brightness values pasteurization (re-
duction of the gray level hue number) of
some pixels towards the brightness decrease
or increase, respectively.

It is seen in Fig. 3 that for the thermo-
plastic film, the relative identification level
values are higher than for the photorefrac-
tive crystal. It is also note that the thermo-
plastic film is more sensitive.

So, the associative holographic image
forming principles have been considered.
The quantitative characteristics of the re-
covered associative image quality for the
two types of record mediums have been ob-
tained. It has been shown that the depend-
ence of the recovered associative image
quality on the recovering beam area is lin-
ear, being in agreement with the theoretical
premises. The simulation gives the results
that confirm the experimental data. It has

been shown that for the thermoplastic film,
the relative characteristics of the recovered
image quality are higher than for photore-
fractive crystal. Also it is necessary to note
higher sensitivity, usability and recording
rate of the thermoplastic film. The photore-
fractive crystal is less critical to the spatial
shifts and can work without additional de-
vices, which is its advantage. It is reason-
able to study further the recovered associa-
tive image formation in the dependence on
the overlap degree of the signal and reference
beams, which is a premise to develop a gen-
eral theory of holographic image formation.
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IlopiBHAINBLHUN aHAJJI3 JeIKMX 0COOJHMBOCTEM
¢dbopmMyBaHHA Ta AKOCTI rojgorpagivyHoOro acomiaTuBHOIO
300pakeHHsA

A.Jlepyacunonvcoruil, J{.Menenescoruii, A.I'namoécovrxuii, H.Medéedv

HocaimxeHo o0cob0anBOCTI (POPMYBAHHA acoOIiaTMBHOTO ToJioTpadiuHOro 300pasKeHHA Y
X0l TTOYaTKOBOTO 3ammucy imdopmarii B pisHux peectpyrouux cepemosuiiax. [Iokasamo, mio
AKiCTL BigHOBJEHOTO acoIliaTUBHOTO ToJorpadiuHOoro 300pasKeHHA MOMKe OYTHU TeOPEeTUYHO

Hepeaﬁaqua 1 BU3HAUAETHCH IIJIOIIIEIO BiﬂHOBJ’IIOBaJII)HOI‘O nydyra. HaBe/:(eHo pes3yabTaTtmn
E€KCIIepMMEeHTaJbHUX HOCJIiI()KeHI) Ta MOAEJIOBaHHI AKOCTL aCOHiaTI/IBHOI‘O ronorpa(pquoro
306pameHH5{ 3a p13HI/IX 3HaAUYE€Hb Hﬂomi BiHHOBJIIOBa.TII)HOI‘O IIy4drKa.
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