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A novel processing technique has been proposed for crystal examination results ob-
tained using complementary optical methods that provides an integral estimation of irre-
versible changes in the material caused by extreme external actions. A multifunctional
optical diagnostic complex based on personal computer has been developed that makes it
possible to check the irreversible changes in optical crystal elements at different stages of
manufacturing, technological treatment, and operation thereof.

IIpenno:xkena HoBas MeTOAWKa OOPAGOTKM DPE3YJIbTATOB HCCJIEMOBAHUA KPHCTAJJIOB B3au-
MOJIOTIOJIHAIOIUMY ONTUYECKUMU METOJaMHU, IIO3BOJIAOIAS WHTETPATUBHO OIEHHUBATH HEOO0-
paTuMble M3MEHEHUS B MaTepuajie BCJEACTBME BHEITHUX SKCTPeMaJlbHBLIX BoageilicTBuii. Ha
0ase IMepCOHAJIBHOTO KOMIIbIOTEpPa paspaboTaH MHOTODYHKIIMOHAJIbHBIN ONTUYECKUH AUMarTHOC-
TUUYECKUII KOMILIEKC, MHO3BOJAKIINN 5((EeKTUBHO OCYIIEeCTBIATh KOHTPOJbL HEOOpaTHUMBIX
W3MEeHEeHNH B KPUCTALJINYECKUX OINTHUUYECKMX 9JeMEHTaX Ha PasHbIX JTamax WX H3TOTOBJIE-
HHUSA, TeXHOJOTUYECKON 00pabOTKM U SKCILIyaTaI[uU.

A specific feature of optical elements
(OE) made from crystalline ZnSe ingots con-
sists in spatial inhomogeneity of elastic and
electric fields. This due to considerable non-
equilibrium in conditions of growing
thereof from the melt under argon pressure
by Bridgman technique. That is why even
each of neighboring cuts of one crystalline
ingot, and thus each crystalline element
made thereof, is characterized by an indi-
vidual stress-strained state (SSS). This is
evidenced also by complex optical polariza-
tion and shadow images as well as piezo-
resonance spectra of the elements [1-5].
The purpose of this work is to develop a
flexible measuring system and to search for
the diagnostic data processing method pro-
viding the informational maintenance of
power optical elements to estimate the qual-
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ity thereof and predict the optical element
life time.

A high-efficiency measuring system pro-
viding the comprehensive examinations is a
diagnostic complex on the basis of a per-
sonal computer (PC) including a scanner, a
printer, and original measuring modules
(MM) that is in essence an universal optical
device (Fig. 1). The realization of main
functions within an integral measuring sys-
tem makes it possible to use the whole po-
tential of Windows graphic interfaces that
provide a much more wide application range
than a usual measuring instrument, to say
nothing of potentialities offered by novel
generation of software. The use of original
measuring modules in the system allows to
realize the main functionalities of a polaris-
cope, interferometer, photometer, and other
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Fig. 1. PC-based diagnostic complex.

instruments. When the system is operated
as any of the instruments on the PC basis
(except for shadow module), the light emit-
ted by the scanner slide extension passes
through the corresponding MM with OE and
hits the matrix scanning the image. The
image is presented as a matrix of pixels
with a M X N dimensionality where M is
the number of rows and N is the number of
pixels in a row. Each pixel with coordinates
(x,y) is characterized by a certain bright-
ness value u = f(x,y). All the possible values
of the image brightness can take G level
values. The processing of digitized OE im-
ages using the known raster graphic pro-
grams makes it possible to determine the
type of optical inhomogeneities, to establish
the distribution character thereof (radial,
elliptic, zonal, etc.) as well as to reveal the
defects induced by growing and treatment.
The use of digital effects (outline discrimi-
nation, correction, etc.) makes it possible
not only to reveal the boundaries of optical,
acoustic, and other inhomogeneities, but
also to trace changes thereof in the course
of the optical element operation (Fig. 2).

One of main advantages of the PC-based
diagnostic complex as compared to the con-
ventional optical instruments consists in
the possibility to obtain the optical polariza-
tion image as well as shadow and interfer-
ence ones of the OE under study in the
on-line regime, to compare these images ob-
tained prior to and after a power action as
well as to store the data obtained. The digi-
tal format of the data allows to make use of
both standard and original software and al-
gorithms. So, to trace the irreversible
changes in optical elements, a statistical
data processing is found to be effective,
namely, the construction and analysis of
histograms reflecting the relative appear-
ance frequency of specified brightness and
color levels in the images. The relative fre-
quency of the g-th brightness level for a
pixel is defined as

P{g) = n,/(MN) at g = 0,1,...,G-1,

where n, is the number of the image ele-
ments with the level g.
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Fig. 2. Optical polarization images for a laser
window made from a ZnSe crystal prior to (a)
and after a treatment (b) (the most changed
crystal zone is shown by circle).

The distribution statistics of half-tints
and thus the half-tint distribution histo-
grams in the optical polarization images of
a laser window prior to (Fig. 3, curve 1) and
after a special treatment (Fig. 3, curve 2)
resulting in irreversible changes of its SSS
illustrate clearly the character of those
changes. To analyze these data, let entropy
H be used that can serve to estimate the
average information content of any OE
image:

G-1

H =) P((g)logyP(g).
g=0

To estimate the irreversible changes in a
crystal, the entropy difference between two
images obtained after and prior to an in-
tense influence thereon. The entropy
changes due to irradiation related to the its
duration characterize the irreversible proc-
ess rate and thus the OE radiation resis-
tance. To evaluate the entropy change, a
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Fig. 3. Histograms of relative appearance fre-
quency for brightness levels in images of the
ZnSe optical element prior to (curve 1) and
after a treatment (curve 2).

suitable procedure is to be selected for proc-
essing of any image. A number of parame-
ters can be proposed to reflect integrally
the irreversible changes in optical elements
during the manufacturing and/or operation
thereof. So, in the course of OE prepara-
tion, treatment, or operation, the SSS
thereof, the impurity distribution therein,
and other characteristics undergo changes
due to mechanical, heat, and electromag-
netic influences. As a result, the OE be-
comes transformed into a new metastable
state the is characterized uniquely by a
changed set of responses to a power action.
Discrimination of subsets of pixels differing
in the brightness level, contrast, or color
allows to operate with those subsets (sum-
marize, multiply, subtract, etc.) thus form-
ing new subsets. Different relationships of
the new subsets are parameters reflecting
integrally various aspects of irreversible
changes in the crystal. In spite of that the
intense influences are reflected in the
brightness and color changes of pixels
within the same image, the relative changes
in the cardinality and number of subsets in
various images are interrelated, since those
are referred to one and the same OE.

As an example, let the influence of a
special treatment on the SSS of an OE be
considered. The treatment caused irre-
versible changes in the sample and thus in
the histogram 2 (Fig. 3). Not only the dis-
tribution of pixel brightness levels in the
optical polarization image is seen to be
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changes but also the area under the histo-
gram. It characterizes the cardinality of the
pixel subsets reflecting all the features of
the laser window SSS after the treatment.
The initial state of the window is charac-
terized by the area under the histogram 1.
In Fig. 3, the area S reflects the number of
general states; S;, the number of states dis-
appeared after the treatment; Sy, that of
the treatment-induced ones. Then, S; + S,
is the number of changed states. This al-
lows to determine the integral parameter of
irreversibility as K =(S; + S,)/S. The
analysis of the change rate of K under ex-
treme operation conditions makes it possible
to predict the crystal resistance against in-
tense influences. Other relationships are
also possible between the areas of histo-
grams as parameters reflecting other as-
pects of changes in OE. Those offer wide
possibilities for computerized analysis of
quantitative and qualitative changes in a
crystal under power action or under treat-
ment as well as to compare and classify the
state of various samples from the same
ingot.

Thus, the use of information technolo-
gies offers new possibilities for application
of known optical methods to solve the diag-
nostic problems of irreversible changes in
power optics elements. In the same time,
realization of some optical methods on the
basis of PC allows to provide a diagnostic
complex solving not only problems of diag-
nostic data obtaining and processing but
also the systemic analysis thereof.

This work was performed under financial
support of State Foundation for fundamental
researches of Ukraine.
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InTerpanrHa AiarHOCTHKA HEOOOPOTHHUX 3MiH
B eJIeMEeHTaX CHJOBOI OINTHKH

I1.A.Knumenxo, B.K.Komape, B.Il. Muzanv,
C.B.Cyanuma, OA.C.Pomin, O.M.Yyzail

3aIIpoIIOHOBAHO HOBY METOAMKY OOPOOKM pPes3yJbTATiB MOCHiKeHHS KPUCTAJIB B3aEMOMIO-
MOBHIOIOUNMU OITUYHMMK METOJaMM, AKa MSO3BOJSAE iHTErpaTHMBHO OI[IHIOBATH HEOOOPOTHI
3MiHM y MaTepiaji BHACHIiZOK 30BHIIIHIX eKcTpeManabHuX BIIuBiB. Ha 6asi mepcoHasbHOTO
KOMII'IoTepa po3po0eHo 0araToPpyHKIIOHANBHUNM ONTHUYHMUN MiarHOCTUYHHM KOMILJIEKC, IO
I03BOJIsIE e(PeKTUBHO 3MiMCHIOBATH KOHTPOJb HE3BOPOTHHUX 3MiH Y KPUCTANIUYHUX ONTUYHUX
eJleMeHTax Ha pisHMX eramax iX BUI'OTOBJIEHHS, TEXHOJIOTiuHOI OOpOOKM I eKciuryararii.
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