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[571 ABSTRACT

A system and process for the measurement of strains in
objects using holographic interferometry comprising a con-
tinuous point light source for illuminating the object, a
fringe stabilizer for compensating for the vibratory motion
of the object, a detector for capturing a holographic image,
a rigid body motion compensator for compensating for the
rigid body motion of the object caused by displacement of
the object upon application of a force, and an electronic
system for reconstructing the holographic image to permit
comparison of the object before and after application of a
force.
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.
HOLOMOIRE STRAIN ANALYZER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a process and apparatus for
measuring strains in structures and structural members, such
as buildings, bridges, aerospace structures, structural
components, nuclear reactor pressure vessels, piping, and
engines of all kinds. The process and apparatus of this
invention can measure strains in surfaces of any shape and
parts of any size. In addition, measurements can be carried
out not only at room temperature, but also at very high or
very low temperatures.

2. Description of Prior Art

Numerous methods and devices are known for determin-
ing strains in structures. The most common of these known
methods is a strain gauge which measures strains in struc-
tures on a point-by-point basis, and in so doing provides
limited information regarding the strains being measured.
Strain gauges require careful installation and a cable system
and are limited in temperatures of operation and amounts of
deformations, or strains, that can be measured. Electronic
recording and data processing instrumentation is known for
use in conjunction with strain gauges.

A second known method of determining strains in struc-
tures is the use of photoelastic coatings. However, photo-
elastic coatings also require careful installation and can only
measure the difference of the strains. To obtain numerical
values, point-by-point measurements are required. In
addition, there are no known computerized systems avail-
able for recording and processing data acquired from pho-
toelastic coatings.

A third known system for determining strains in structures
is the SPATE Stress System which is a fully computerized
field instrument. However, it contains two important limi-
tations; it provides only the sum of the stresses measured,
and the structure to be analyzed must be vibrated in order to
determine the strains in the structure.

Also used to measure strain in structural members are
moire systems in which a reference grid is applied to the
surface of the structural member to be analyzed after which
aforce is applied to the structural member and light reflected
from the resulting grid is compared to light reflected from
the reference grid to determine strain in the structural
member resulting from application of the force. U.S. Pat.
No. 4,722,600 teaches an apparatus and method for mea-
suring strain using a reference grating and a specimen
grating superimposed thereon to create an interference
pattern, or moire pattern, the phase difference between the
two signals generated from the refiected light being used to
calculate the strain on the structural member; U.S. Pat. No.
4,850,693 teaches a compact and portable moire interfer-
ometer for determining surface deformations of an object;
and U.S. Pat. No. 4,794,550 teaches a method of extending
the measurement range of moire contouring techniques by
constraining the reconstruction of a surface contour based on
a priori knowledge about the surface. See also U.S. Pat. No.
3,985,444 which teaches a process for measuring fine defor-
mation of a test object using defraction gratings and U.S.
Pat. No. 3,503,690 which teaches an apparatus for optically
reading moire fringe patterns.

Another technique for measuring and analyzing strain in
structural members is speckle interferometry in which
simple high resolution photographs of a surface which is
illuminated by coherent light are used resulting in a real time
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or permanently stored whole field record through interfer-
ence fringes of a deformed surface. See, for example, U.S.
Pat. No. 4,591,996 which teaches a method and apparatus
for measuring strain in structural members utilizing a laser
beam to illuminate a surface being analyzed and an optical
data digitizer to sense the signal provided by the light beam
reflected from the illuminated surface, the optical data
digitizer being used to compare the signal received from the
surface in a reference condition to subsequent signals
received from the surface after surface deformation.
Similarly, U.S. Pat. No. 5,020,904 teaches a Dynamic Laser
Speckle Profilometer and method to perform non-
destructive analysis of materials by creating an opto-
electronic phase map which is used to generate the defor-
mation and resonance mode mapping of an object under test.
U.S. Pat. No. 4,436,419 teaches an optical strain gauge
employing interferometry applied to speckle patterns of
radiation reflected from two points on an object’s surface.

British Patent 1392448 teaches a method of optical
inspection using video signals to record speckle patterns
resulting from illumination of an object. See also British
Patent 1593284 and British Patent 1460861 which also
employ video display devices for recording and analyzing
speckle patterns.

A fundamental restriction in the use of holographic inter-
ferometry in field applications is the need for stability in
performing holographic recordings. One known method of
overcoming this problem is the use of pulsed holography
using pulsed lasers. However, pulsed lasers are expensive
and difficult to operate. In addition, real time viewing of
patterns is not possible and recording of slow transients,
which are very important in many cases, is also not possible.

Thus, operation of a system with continuous recording
has many practical advantages. However, most of these
advantages are lost in field applications due to the need for
mechanical isolation. Holographic interference fringes
observed in real time can exhibit short term jitters and long
term drifts, even if the observations are made under condi-
tions of mechanical isolation, due to vibration of the optical
components, laser wavelength changes, air currents, and
thermal expansion of optical components.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a method and
apparatus for measurement of strains in structures including
buildings, bridges, aerospace structures, structural
components, nuclear reactor pressure vessels, piping, and
engines of all kinds.

It is an object of this invention to provide a system which
can measure strains in surfaces of arbitrary shape and size,
the size of the part to be analyzed being limited only by the
power of the illumination source.

Xt is yet another object of this invention to provide an
optical system capable of measuring strains in curved
surfaces, displacements and contours without changing opti-
cal arrangements.

1t is another object of this invention to provide a system
for measurement of strains in objects not only at room
temperature, but also at very high temperatures and very low
temperatures.

It is yet another object of this invention to provide a
system for measuring strains in structural members which is
portable.

It is another object of this invention to provide a system
for measuring strains in structural members using holo-
graphic interferometry.
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It is yet another object of this invention to provide a
system for measuring strains in structural members which
eliminates the need for vibration isolation.

It is yet another object of this invention to provide a
system for measurement of strains in objects using holo-
graphic interferometry which permits real time observation
of holographic interference fringes.

It is still another object of this invention to provide an
optical system for measuring the stress of a structural
member which eliminates the requirement for an internal
reference beam which is characteristically common to
known systems employing holography.

These and other objects are achieved by a system for
measurement of strains in objects including structural mem-
bers in accordance with one embodiment of this invention
comprising a point source illumination means for illuminat-
ing the object, fringe stabilization means for compensating
for vibratory motion of the object, fiber optics instabilities
and random fluctnations caused by air, detector means for
capturing a holographic image, compensation means for
compensating for the displacement of the object upon appli-
cation of a force, and processing means for electronically
reconstructing the holographic image captured by the detec-
tor means.

More specifically, the system comprises a continuous
laser, the output of which is connected to a coupler which is
used to launch the light generated by the laser onto at least
three, and preferably four, optical fibers, each of which
optical fibers produces a point source of illumination. In a
preferred embodiment of this invention, the optical fibers are
disposed so as to produce symmetric double illumination in
two orthogonal directions of the object to be analyzed, that
is, two optical fibers for vertical illumination and two optical
fibers for horizontal illumination. In this manner, readings in
both orthogonal directions, although taken separately, can
readily be taken sequentially.

The light from one of the optical fibers in each orthogonal
direction comprises a reference beam which is passed
through a first lens and subsequently reflected from the
object to be analyzed. The second optical fiber in each
orthogonal direction is connected to a fringe stabilization
unit for compensating for vibratory motion of the object,
fiber optics instabilities and random fluctuations cansed by
air, a critical feature of this invention, after which the light
from the second optical fiber is passed through a second lens
and reflected from the surface of the object to be analyzed.
Such light is out of phase with the light generated by the
reference beam and reflected from the object. A portion of
the light reflected from the object is captured by a detector
which generates a signal which is relayed to the fringe
stabilization unit, which signal is used to adjust the light

from the optical fiber passing through the fringe stabilization

unit to maintain a fixed relationship between the light from
such optical fiber and the reference beam. In this manner,
differences between the light passing through the fringe
stabilization unit and the reference beam caused by vibration
of the object, fiber optics instabilities, and random fluctua-
tions caused by air are eliminated.

Light is also reflected from the object to be analyzed and
captured by a camera, the position of which can be adjusted
to correct for displacements of the object being analyzed
resulting from application of a force to the object. The
camera generates an clectronic signal which is transmitted to
a signal extraction and processing module for apalysis and
recording. This signal extraction and processing module
clectronically reconstructs the holographic image generated
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by the system to enable comparison of the object being
analyzed before and after application of the force thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will be better
understood when considered in conjunction with the detailed
description and following figures in which:

FIG. 1 shows a graphic representation of a holographic
moire projection of the displacements onto a fixed coordi-
nate system and subsequent contouring of a surface;

FIG. 2is a schematic diagram of the system in accordance
with one embodiment of this invention;

FIG. 3 is a diagram of the main components of a holo-
moire strain analyzer in accordance with one embodiment of
this invention;

FIG. 4 is a diagram of the illumination head of a holo-
moire strain analyzer with four point illumination sources in
accordance with one embodiment of this invention;

FIG. 5 is a schematic diagram of the illumination and
fringe stabilization unit in accordance with one embodiment
of this invention; and

FIG. 6 is a schematic diagram of a position tracking
system for correction of object displacement as a result of
application of a force in accordance with one embodiment of
this invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention is based on holographic interfer-
ometry and uses the techniques of the holographic moire
method. See the following references: Sciammarella C.A.
and Gilbert, J.A., “A Holographic-Moire Technique to
Obtain Separate Patterns for Components of Displacement,”
Experimental Mechanics, Vol. 16, No. 6, 1976; Gilbert, J.A.,
Sciammarella, C.A. and Chawla, S.K., “Extension to Three-
Dimensions of Holographic-Moire Technique to Separate
Patterns Corresponding to Components of Displacement,”
Experimental Mechanics, Vol. 18 (9), 1978; Sciammarella,
C.A. and Chawla, S.K., “A Lens Holographic-Moire Tech-
nique to Obtain Components of Displacements and
Derivatives,” Experimental Mechanics, Vol. 18, (10), 1978;
Sciammarella, C.A., “Holographic-Moire,” Proceedings of
the LUT.AM. Optical Methods in Mechanics of Solids,
Poitiers, France, 1979; Sciammarella, C.A., Rastogi, P,
Jacquot, P. and Narayanan, R., “Holographic-Moire Real
Time Observation,” Experimental Mechanics, Yol. 22 (2),
1982; Sciammarella, C.A., “Holographic-Moire, an Optical
Tool for the Determination of Displacements, Strains, Con-
tours and Slopes of Surfaces,” Optical Engineering, Vol. 21
(3), 1982; Sciammarella, C.A. and Narayanan, R., “The
Determination of the Components of the Strain Tensor in
Holographic Interferometry,” Experimental Mechanics, Vol.
24 (9), 1984; Sciammarella, C.A. and Ahmadshahi, M.A.,
“A Computer Based Holographic Interferometry to Analyze
3-D Surfaces,” Proceedings of 11 Triennial World Congress
of IMEKO, Houston, Tex., 1988; and Sciammarella, C.A.,
Sainov, V. and Simova, E., “Holographic Moire
Contouring,” Proceedings of Holography 1989, Interna-
tional Conference on Holography, Optical Recording and
Processing of Information, Varna, Bulgaria, SPIE, Vol. 1183,
1989.

In accordance with this method, all the necessary infor-
mation to compute strains in an arbitrarily shaped and
oriented surface is determined by recording two images with
symmetric double illumination in two orthogonal directions,
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plus a third image to obtain a contour of the surface. To
obtain dlsplacements normal to the surface of the Ob_]CCt a
fourth image must be captured.

In a spatial coordinate system (X, ¥, z), as shown in FIG.
1, the displacement u, v, w can be measured where:

u=S-d(1)
v=5,d(2)
w=S., d(3)
with sensitivity vectors,

155 [=h=2sin & “

IS, 1=A-+2sin © 3)

IS 1=A+2(1+cos ©) ©)
where A is the wavelength of the illuminating beam and 6 is
the angle of the illumination beam with a normal to the
projecting plane, in this case the (X,y) plane. Using the
displacement measurements, the strains are obtained from
the following equation:

€, ~(V2)(u; 51v;,) Q]
where the indicial notation and sutnmation conventions have
been used. The above equations give the strains with respect
to a fixed coordinate system. To obtain local values, it is
necessary to transform the measured tensor components to
the local system. Because one only determines the deriva-
tives with respect to coordinates x and y, the derivatives with
respect to the third coordinate z can be computed by using
the chain rule of differentiation. Introducing the notation
(X=X, X=Y, X5=2Z),

Suy  Buy  Bxg
x| o ox

where o equals 1, 2. To obtain the derivatives of the
coordinates with respect to x5, it is necessary to have the
contours of the surface. Once the components of the strain
tensors are known in the fixed coordinate system, the local
values are determined by the tensor transformation,

®

€7 in nCpm ©
The a; can be determined from the contour of the surface.

To obtain the necessary derivatives and direction cosine
required by the tensor transformation, the contour of the
surface must be obtained. This is done using the same set up
used for measurement of strains, double beam illumination
and a rotation of the illumination beams. Applying these
techniques, fringes are obtained that provide the contour of
the surface with respect to the coordinate plane, plane (X, )
in FIG. 1. The height of the surface is given by the equation:

10

) = w0
where v is the argament of the contour fringes produced by
the double illumination beam, ¢ is the inclination of the
illumination beam with respect to the normal to the refer-
ence plane, and Ao, is the rotation of the illumination beam.
FIG. 2 shows a schematic representation of a holostrain
analyzer in accordance with one embodiment of this inven-
tion. From a function point of view, the system comprises
the following components: an illumination and light condi-
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6
tioning system; signal detection means; signal extraction
means; data processing means; data output means; and a
host processor.

The illumination system in accordance with one embodi-
ment of this invention comprises illumination head 34
having, preferably, four point light sources 30, 31 in an
orthogonal array as shown in FIG. 4 for illumination of the
surface of the object to be analyzed disposed about camera
lens 33. As few as three point sources may be used in
accordance with this invention. Light is transmitted from
laser 10 through single mode directional coupler 11 to a
preferably single mode optical fiber which, in turn, is split
into two arms 13, 25 for each direction, vertical or
horizontal, of illumination. The light passes through an
optical switch which provides light to the point sources for
vertical illumination 30 or horizontal illumination 31. One
of the fiber optic arms 25 from coupler 11 passes through
fringe stabilization unit 12 which is used to maintain a
constant relationship between the light emitted from this arm
25 and the light emitted from the other arm 13, which light
constitutes the referenced beam.

In the fringe stabilization unit, optical fiber arm 25 is
wound around piezoelectrical ceramic cylinder (PZT), or
piezoelectrical phase shifter (PPS), 53 a number of times,
the number being designed to produce a given phase rela-
tionship as a function of voltage applied to the PZT. Detector
14 detects the same displacement field that camera 15
records of the surface of the object 17 under observation.
Lenses 16 focus a point on the surface under analysis onto
detector 14. Detector 14, based on light reflected from object
17, produces an error signal which is transmitted to PZT 53.
As a result, vibration body motion displacements, fiber
optics instabilities and random fluctuations are compensated
for by fringe stabilization unit 12, thereby allowing opera-
tion of the system without the mechanical isolation devices
required by known holographic systems.

The optical signal from object 17 is reccived by camera 15
and transmitted to a signal extraction and processing module
comprising analog-to-digital (A/D) and digital-to-analog
(D/A) module 18, which converts the signal produced by the
camera into digital form or the output of the system from
digital to analog form, arithmetic logic unit 19 which
performs arithmetic and logical operations on the system,
storage memories or frame buffers 20 for storage of infor-
mation during data extraction and processing, array proces-
sor 21 for performing certain operations needed during data
extraction and processing with high efficiency, computer 22
for controlling the different components and performing
some of the operations required during data processing, and
television monitor 23 or printer 24 for graphically depicting
the output of the system.

More specifically, the signal processing system provides
the following functions: image digitization performed by
A/D and D/A module 18, image storage performed by frame
buffers 20, real time operation using the image data per-
formed by arithmetic logic unit 19, and high speed data
computation performed by array processor 21. Thus, a
holographic image of object 17 being analyzed is captured
by camera 15 and transmitted to the signal processing
system for processing as discussed above. A force is applied
to object 17 and a second holographic image of object 17 is
captured by camera 15 and transmitted to the signal pro-
cessing system for processing and comparison to the first
holographic image electronically stored therein.

An important element of this invention is the use of point
source illumination as opposed to collimated illumination
used in previous state of the art applications. The software
used for processing the information in the signal extraction
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and processing module provides the necessary corrections
required by replacing collimated illumination with point
sources. Tests performed using point source illumination
show that in-plane strains can be measured with the same
degree of accuracy that is obtained using collimated illumi-
nation. As a result, this invention makes it feasible to
measure strains in large surfaces without using large colli-
mating lenses which would otherwise render this technique
cumbersome and expensive.

In the embodiment of this invention shown in FIG. 3, laser
40 is connected to camera 41 through fiber optics cable 42.
Laser cable connector 43 is sealed so that no adjustments are
required to launch the light onto fiber optics cable 42. Two
separate lasers are used for the vertical and horizontal
illumination as shown in FIG. 4 such that measurements in
two orthogonal directions can be made sequentially without
interruption. Point sources 30 and 31 are adjustable, the
distances therebetween depending on the size of the surface
to be observed. As before, one of point sources 30 and one
of point sources 31 produces a reference beam while the
other of point sources 30, 31 produces a beam which is
adjusted to compensate for vibrational motion of object 44,
fiber optics instabilities and random fluctuations caused by
air. The geometry of the design in accordance with this
embodiment of the invention is such that the area to be
observed can be varied from square meters to areas on the
order of square centimeters. The in-plane components are
determined by applying equations (1) and (2) above with the
sensitivities given by equations (4) and (5) above. The
out-of-plane displacement is obtained by applying equation
(3) above with a sensitivity given by equation (6) above.
Accordingly, holograms can be recorded without using a
reference beam as required by the known art, thereby greatly
simplifying the design of the system and its field application
without resorting to optical path compensation.

After launching of the light onto fiber optics cable 42, the
light beams are beamed onto object 44 and reflected there-
from as indicated by the arrows. Certain of the reflected light
is detected by detector 45 in the form of a photodiode which
is connected to fringe stabilization unit 12 positioned in
camera 41. One image of object 44 without application of a
force thereto is captured by camera 41 and the output signal
therefrom transmitted to signal extraction and processing
module 46 in which the signal is processed for display on
television monitor 47 or printer 48. Computer 49 is used to
control the entire system. Object 44 is then subjected to a
force and a second image is recorded by camera 41, pro-
cessed in signal extraction and processing module 46 and
compared to the first image to produce fringes which show
changes in the reflection of light resulting from application
of the force to object 44.

One of the restrictions of holographic interferometry
when applied to the measurement of strains is the limited
range of displacement of the object that can occur upon
application of the force before fringe visibility is lost. Due
to the random nature of interfering wavefronts, only iden-
tical regions can interfere. Identical regions contain identical
speckles in the reconstructed image. In image holography,
the type of holography used in holographic television, the
information comresponding to a point is recorded locally in
an area that corresponds to the size of the speckle. Fringes
can be observed if the two speckles corresponding to the
same region ovetlap in the image plane. As the relative
displacement between the two speckles increases, fringe
confrast is reduced.

To overcome problems associated with displacement of
object 44 upon application of a force, camera 41 is supported
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in a system which permits movement of the optical axis of
camera 41 vertically, horizontally, and rotationally. To com-
pensate for the motion of the area of the surface of object 44 -
under observation, two reference areas are introduced on the
surface of object 44. The motion of the centroids of each of
these areas is obtained from images captured by camera 41.
Fast Fourier Transforms (FFT) of the initial and displaced
positions of the referenced areas are computed. The cross
correlation of the FFT’s in the Fourier plane provide the
displacement vector of the centroids of the referenced areas.
The displacements can be obtained with an accuracy better
than Y4 of a pixel, the minimum resolution area of the image
system. Knowing the displacements of two points of the
surface, it is possible to compute the translation components
and amount of rotation to restore the points to their original
positions.

Actual operation of the correction is done automatically
and camera 41 is automatically displaced as object 44 is
loaded. FIG. 6 shows a schematic representation of the
compensation system. The system computes the displace-
ments in signal processing module 46 and produces three
signals that are transmitted to controller 73 of the motion
stages 70, 71, 72 that support the camera. Motion stage 70
is a rotary stage having a Z-axis of rotation and motion
stages 71, 72 are precision linear stages with x-y motion. A
loop repeats the operation until the loading stops and the
position of the point is no longer changed. The images are
kept in correlation and measurements can be made for the
typical strain amounts encountered in practice.

FIG. 5 shows a schematic representation of the system in
accordance with one embodiment of this invention for
compensating for vibrational motions of the object being
analyzed, fiber optics instabilities and random fluctuations
caused by air motion. The system comprises for each
direction of illumination, that is, vertical and horizontal
illumination, laser 51, holographic image capturing system
52, piezoelectric ceramic cylinder (PZT), or piezoelectric
phase shifter (PPS), 53 and an electronic circuit that pro-
vides PPS 53 with a voltage that compensates for phase
changes in the light beams due to vibrational motions, fiber
optics instabilities, and random fluctuations caused by air
motion. One of the optical fibers 30, 31 of the vertical and
horizontal illumination system is wrapped around a piezo-
electric crystal. The phase changes in light emitted by this
optical fiber are produced by dimensional changes of the
crystal when a voltage is applied to it. Optical fiber 30, 31
wrapped around said piezoelectric crystal is stretched or
contracted, causing changes in the optical path of the light
traveling through the fiber.

PPS 53 experiences changes of dimensions according to
the voltages applied by the feedback provided by detector
14, 45. Detector 14, 45 senses the light intensity of a small
region of object 17, 44 or the light coming from the totality
of object 17, 44, depending upon location of detector 14, 45.
Detector 14, 45 can be attached in accordance with one
embodiment of this invention to the surface of object 17, 44,
or in accordance with another embodiment of this invention,
can be integral with camera 15, 41. In the latter case, two
arrangements are possible: on the image plane of the lens of
camera 15, 41, or on the focal plane of the lens of camera 15,
41. Detector 14, 45 receives an intensity that results from
double illnmination of the surface of object 17, 44 and
contains a term that provides the rigid body vibrations of the
region sensed in the direction of the sensitivity vector
corresponding to the in-plane motion of object 17, 44.

Detector 14, 45 in the form of photomultiplier 54 in
accordance with one embodiment of this invention, trans-
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mits the signal containing the rigid body vibrations to
preamplifier 55 which, after amplification, is transmitted to
high path filter 56 which removes the DC component of the
signal. The resulting AC component is transmitted to ampli-
fier 57. The amplified AC component is transmitted to
multiplier 58 where it is mixed with a reference frequency
or dither frequency produced by oscillator 63. After mixing,
the resulting signal is transmitted through a low pass filter
which removes the dither frequency. The resulting signal is
an error signal which contains the displacement information
and which together with the dither frequency is transmitted
to PPS 53 after going through an integration 60, summator
61 and high voltage amplifier 62. An equilibrium analysis of
the circuit shows that the system is in dynamic equilibrium
when the phase remains constant in time. If only a small
region of the surface of object 17, 44 is being analyzed, the
phase of this region will be the reference phase for the
phases of all other points of the surface. f a Fourier
arrangement is utilized, the phase of the whole surface will
be constant in time. The equilibrium phase can be changed
by changing the sign of the voltage applied. The system will
either be at a maximum or a minimum.

Another important feature of the invention is that for
small amplitudes of the dither signal, the error signal con-
tains only two significant harmonics, the first harmonic with
the same frequency as the dither and a second harmonic with
double the frequency of the dither. For locking purposes,
either harmonic can be selected. If the second harmonic is
selected, the system locks at the points of null amplitude. As
aresult, by changing voltages and harmonics, the system can
lock at four different phases, each of them separated by 7/2.

While in the foregoing specification this invention has
been described in relation to certain preferred embodirents
thereof and many details have been set forth for purpose of
illustration, it will be apparent to those skilled in the art that
the invention is susceptible to additional embodiments and
that certain of the details described herein can vary consid-
erably without departing from the basic principles of the
invention.

We claim:

1. A system for the measurement of strains in an object
comprising:

a continuous point source illumination means for illumi-
nating at least a portion of a surface of said object, said
continuouns point source illumination means producing
symmetric double illumination in at least two orthogo-
nal directions and comprising at least one continuous
laser, at least three optical fibers and a coupler con-
necting an outlet of said laser to one end of each said
optical fiber;

fringe stabilization means for compensating for vibratory
motion of said object, said fringe stabilization means
comprising a fringe stabilization detector receiving
reflected light from said object and providing a signal
to said fringe stabilization circuit, and said fringe
stabilization circuit adjusting the phase of said light
emitted by one of said optical fibers, maintaining a
constant relationship between the phase of said light
and the phase of a reference light emitted by another of
said optical fibers;

detector means for capturing a holographic image of said
object; '

compensation means for compensating for displacement
of said object; and

processing means for electronically reconstructing said
holographic image.
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2. A system in accordance with claim 1, wherein said
detector means for capturing said holographic image com-
prises a camera.

3. A system in accordance with claim 2, wherein said
compensation means comprises means for adjusting a posi-
tion of said camera.

4. A system in accordance with claim 1, wherein said
fringe stabilization detector is disposed one of on said
surface of said object, in an image plane of a lens of a camera
for capturing said holographic image, and in a focal plane of
said lens of said camera.

5. A system in accordance with claim 1, wherein said
fringe stabilization means further comprises a piezoelectric
phase shifter around which one of said optical fibers is
wrapped and feedback means for controlling said piezoelec-
tric phase shifter.

6. A system in accordance with claim 5, wherein said
feedback means comprises a pre-amplifier which receives a
signal from said fringe stabilization detector, a high pass
filter connected to a pre-amplifier output of said pre-
amplifier, an amplifier connected to a high pass filter output
of said high pass filter, a multiplier connected to an amplifier
output of said amplifier, a low pass filter connected to a
multiplier output of said multiplier, an integrator connected
to a low pass filter output of said low pass filter, a summator
connected to an integrator output of said integrator, a high
voltage amplifier connected to a summator output of said
summator and to said piezoelectric phase shifter, and an
oscillator connected to said multiplier and said snmmator.

7. A system in accordance with claim 1, wherein said
processing means comprises a signal processing means for
processing the signal output of a camera, computer means
for controlling said system, and output means for displaying
an image produced by said system.

8. A system in accordance with claim 7, wherein said
signal processing means comprises an analog-to-digital
converter, a digital-to-analog converter, at least one frame
buffer, at least one arithmetic logic unit, and at least one
array processor.

9. A process for measuring strains in an object compris-
ing:

illuminating at least a portion of a surface of said object

with at least two symmetrically disposed continuous
light point sources in one of two orthogonal directions,
one of said continuous light point sources producing a
reference light;

adjusting the phase of light from said other continuous

light point source to maintain a constant relationship
with the phase of said reference light;

capturing a first holographic image of said object with

detector means;

applying a force to said object;

. adjusting said detector means to compensate for displace-
ment of said object;

capturing a second holographic image of said object;

electronically reconstructing said first holographic image;

and

comparing said second holographic image to said first

holographic image. )

10. A process for measuring strains in accordance with
claim 9, wherein said surface is illuminated by four said
light point sources symmetrically disposed in two orthogo-
nal directions.

11. A process for measuring strains in accordance with
claim 9, wherein said phase of light from said other light
point source is adjusted by a fringe stabilization means
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comprising a fringe stabilization detector and a fringe sta-
bilization circuit.

12. A process for measuring strains in accordance with
claim 9, wherein each said continuous light point source
comprises an optical fiber having one end optically coupled
by coupling means to a continuous laser.

13. A process for measuring strains in accordance with
claim 16, wherein said optical fiber comprising said other
continuous light point source which emits an adjustable light
is wound around a piezoelectric phase shifter, said phase
changes in said adjustable light being produced by dimen-
sional changes in said piezoelectric phase shifter producing
one of stretching and contracting of said optical fiber.

14. A process for measuring strains in accordance with
claim 13, wherein a voltage gencrated by a fringe stabili-
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zation circuit is applied to said piezoelectric phase shifter
producing said dimensional changes in said piezoelectric
phase shifter.

15. A process for measuring strains in accordance with
claim 13, wherein said detector means is adjustable
vertically, horizontally and rotationally.

16. A process for measuring strains in accordance with
claim 9, wherein said first holographic image is electroni-
cally reconstructed in a signal processing module which
receives said first holographic image from said detector
means, said signal processing module comprising an analog-
to-digital converter, a digital-to-analog converter, at least
one frame buffer, at least one arithmetic logic unit, and at
least one array processor.
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