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4. lptroduction
1.1 General gxemarks

Holography and its applications, especially holographic interferonerry
(H1}, are fascinating parts of medern physics and engineering scicn-
ces. ‘The main reason 1is the fact that holography is the two-
dimensional coding of a three-dimensional information instead of the
two-dimensional image of conventional photography or ‘V-cameras,
fig. 1.1: By means of holography, the image of a three-dimensional
cbject is stored with whole the depth information in a two-dimensional
plane and the information is distributed over whole the plate. “1his
means that holography is an ideal 3D-ZD-converter, which is easy Lo De
applied and has a good error redundancy.

Fig, 1.l: Human and machine imaging

Holography may be applied to very different technical and artifical
tasks. The potential of three-dimensional imaging leads to applica-
tions in advertisement and education: the fact of depth information is
more related to human experience and gives more imagination than a

two-dimensional picture. For artist a new tool is given, which starts
to be used in unexperienced ways of viewing. In technical sciences
holography becomes a tool as main part of optical computers, as

holographic optical elements or as memory for interferometric applica-
tions,

Seme of  the  applications of holography will be reviewed in  the
seminar. Lln this report the fundamentals of holography and holographic
interferometry will be be the main subject.
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1.0 Hisrorical Koewarks
Holography has some really old roots. Lln the beginning of rhe  Lwth
century A.J.Fresnel (1788 - 18271 described the zone plate /l/, named

after him, fig. L.2: The zone plate is a system of black and white

Fig. 1.2: Fresnel zone plate
rings. The radius of each ring is proportional to the sguare root of
the ring number:

r. = J4m ' (1.2.1)

This leads to a grating with a changing grating constant, contrgry to
a standard grating, fig. 1.3. This leads to a changing diffraction,
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Fig._l.3: Grating and zone plate diffraction

vapsciatly  an incteasing diffraction,  with rhe Aistan from th
vcanter o of the zone plate. Lt can be derived by the laws or difrractian
oA orat 1ng

ging. = n A / a (L.2.2)

i diffraction angle for nth order

n : order

A : wave length

d : grating constant, difference between two slots

with

that a linear grating with siot distances proportional to the sguare
root of the slot number diffracts a parallel light beam into three
main parts: une part (the zero order) is only attenuated, one part
{the first order) is diffracted into a point in the distance f from
the grating and one part {the minus first order) seems to come out of
a point in the distance -f on the light source side of the grating. Uf
course, the assumption of only three diffraction orders is wvalid for
sinusoidal gratings, so the drawing might be thought to be binary
image of such a grating. An easy procedure te get a Fresnel zone plate
was mentioned by Lord Raleygh: One has to take twe beams, e.g. a
parallel one and a point source beam on the axis of the parallel beam.
In a certain distance F from the point source a photo plate has to bhe

placed, in the most simple case perpendicular to the beam axis. The
lightened plate can be processed. then the amplitude distribution of
rransparency is 1like in a zone plate but sinusoidal - as long as the

efficiency of the plate is proportional to the intensity. By the laws
of the Fresnel zone plate, one c¢an prove that for this plate is wvalid

{(1/a + L1/b} mA/ r.t {1.2.3)

with a = = : b=f=F and f =r. 2/ (mA&)

This leads directly to the principie of helography: The PFresnel zone
plate produced with two beams as mentioned before is a hologram of one
light point: I[f this light point is thought to be the object, it will
be imaged by the second beam intc the photo-sensitive plate., After

illuminating the processed plate with the parallel beam, the wvirtual
and a real image of the point source is reconstructed in the real
pesitions: ‘That is holography according to Gabor /2/. He suggested a

comparable set-up to take a hologram from a slide with only few
information in it, fig. 1.4.

Howevet , the lack of this method is, that tho the refersnce  beoam
sourca,  the wvirtual imade and the real image are oun  one axis  onu
behind the orher. By this, the observation of the vitual image 1is
difficulr. Lzith and Upatnieks therafore suagested ro  introdoc: an
out-of-axis reference beam /3/. Additionally, there is no breguirewont
to use a parallel reference beam. ‘his leads ro the conmon form  of
set-ups of roday, 11, 1.%, In rthis case vach surfaco point of Che

object  might be thought to be a light point as mentionod  bofore. tf
cours.e, rhin arises not any lenger a simple zone plar., bat a distri-

bution of black and white spots and lines, difficult to understand.
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Fig. 1.5: Common set-up for hologruaphy

4. Fundamentals of Holegraphy
2.1 Helographic lmaging

Ihe basic idea of holographic imaging is to combine & the object wave
carrying the information with a reference wave carrying no information
(or a easy to reconstructed information) in order to store the phase
informarion, fig. 2.1. These two waves interfere leading to a complex
field of intensity distributions: Each obiect point can be thought to
Create a zone plate or a part of it. All these different zone plates -
interacting with each other - are stored in the photo-sensitive
medium. After processing the photo plate, the image is reconstructed
with the reference wave only. The different images of the object
points are reproduced in the way described in chap. 1.2 for one light
source point and the two images of whole the object appuars.
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Fig. 2.1: Holographic imaging

The matheimatical desceriprion of helography can be Treated as follows:
The oblect wave in the plane of the photo-sensitive plate may be wx-
pressed by

Coos fow expll (Ot + g {x,¥y.210] (z.1.1}
with (@ electrical vector of light wave from object
fww 3 amplitude of the viectrical vector

L3 : circular frequency of the light wave
W= 2w

@ : phase distribution of object light wave



This object wave interferes with a reference wave given by
Pe = e owEp[d WA o+ g (x,y,er] [ I I
with 7. < wlectriral vector of reference light wave
few o amplitude of the clectrical vector
w : circular frequency of the light wave
W= 21
?. : phase distribution of reference light wave

The frequency of the object and the reference wave are the same 1n
order to get time-independent interferences. This is necessary for the
imaging of the hologram. # is usually a slidely varying function of
®x, v and z. 'The interference of the wave produces an intensity distri-
bution given by

I = ifa ¢ £6} (ro + mob® {2.1.3)
s Fae® + Feo? 4 foo Cea¥ expli (g0 - @ }]
+ Euu* Feo expi-i (&, - -]
Equ.(2.1.3) describes a time-constant intensity distribution, which
still carries the information of the object wave: the third and the
fourth term on the right side indicate the dependency of the intensity
on the two incident waves. This intensity distribution can be regi-
stered by any light sensitive medium with sufficient regolution, f.q.
photoaraphic plates. In gencrally the interference fringe spacing 1is

in the order of some wavelength or less.

When the photographic plate is exposed to the intensity distribution
according to equ.(Z.1.3) and developed, the transmission can be assum-—
ed to be linearly dependent on the incident intensity with a factor §

(even more complex ways of mathematical treatment lead a comparable
resulc):

o= o+l (z.1.4)
'he second step in helographic imaging is to illuminate the replaced
hologram (= exposed and developed photographic plate} with the refe-
rence wave., Mathematically this means:
e = fxe M+ Fe B Foo® + Er B Cwo? (z2.1.5)
+ B Ceoc foo Fae® o expli (Wt o+ e )]

VR ot Ew® or.e expli (Wt (e - 2 8 }]

N S B refoercnoe wave A I VY

t B e o object wave

¢ B e ? B expli 2t - g ) expl -2 1 ¢ 1}

real Tmages wWwave
with a = T. + B (Eoo? + fro 2}

‘I'his equation describes three waves behind the helogram: the diffrac-
tion order zero results in the attenuated, incident reference wave, of
course. The second term, related to the first diffraction order, des-
cribes the old object wave, only changed by a time and space constant
factor. Additionally appears an cbject wave with a negative phase
distriburion. This is a real image of the object, but its pesition is
modified by the phase factor 2 ¢, so the real and the virtual image
are not in axis.

There arv a lot of different results out of the before mentioned

equations that can be discussed. Some of them are related to optical
computing and discussed in the special lecture on this topic. Another
interesting application is the on-line image enhancement by filtering
with the inverse transfer function. 'Phe main topic of this lecture,

holographic interferometry, uses only the full reconstruction of the
object wave with all details in order to compare cne state of an
object with a slidely changed one. This will be discussed in the
following chapters.

2.2 I'ypes of Holograms

In the chap. 1.2 and 2.2 the Gabor in-line¢ and the wusual Leith-
Upatnieks off-axis holograms have been mentioned. 'There are a few
other types of taking holograms which will be described for example.
Fourier transform hologram

the object is illuminated with nearly parallel light, fig. 2Z.2. Addi-

tionally, the reference beam 15 focused in a way. that it seems to
come from a source point in the object plane near the object. ‘This
results in low spatial interference fringe frequencies. There is only

one disadvantage: the condition of sufficient spacing of the interfer~
ence fringes is only valid for a small region in depth. This limits
the application to small objects in well-known peosition.
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AN arrangement, comparable to the ESFI (Electronic 3sSpeckle Pattern

Interferometry) set-up /5/, is the image plane hologram, fig. 2.3: The
object is illuminated with laser light and then imaged onto the photo
plate or a camera target /6/, fig. 2.4. Additionally, a nearly paral-
lel reference beam 1is given parallel to the object beam onto the
target and an aperture limits the spatial frequencies of the object
image. 8o, the interference fringe spacing is suitable to the resolu-
tion of TV camera targets. The advantage of the technique is the fast
storage of the hologram and the high stability against environmental
disturbances. However, the noise increases with smaller apertures by
creating larger speckles, fig. 2.5. This method can be used for inter-
ferometric measurements, known as ESPI, a method which is starting to
get more applied by the wWork of J.Ulyrer, UK, and ¢.L!kberg, Norway.
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Z.3 Holographic Marcrials

Different physical and practical requirements determine the choice of
the holegraphic storing material:

- 1t should match the wavelength of the laser.

- 1t should be sensitive.

- 1t should be easy and fast to be processed.

- 1t should be reusable.

- It should have a high resolution.
Unfortunately, not all of the before mentioned qualities are available
in one and the same material. So in practice one has tc decide with
regard to the special application which material is the best fit. A
list of the available materials is given in table 2.4.1. Additionally,
the qualities of the common photographic films and plates are given in
table 2.4.2.

2.4 Kemarks on the Variety of Holograms and Holographic Applications
Holography spreads into a lot of applications.

The wvariety starts with the acquisition of a hologram: Usually we
think to store the hologram with a photegraphic plate. Of course,
there is a chance to do this directly on the target of a video camera.
This leads to the Tv-holography and/or to the ESPI, which are closely
related. As long as this is holographic interferometry, this should be
treated as a part of the usual holographic interferometry with special
recguirements,

Holography has a large effect in demonstrating three-dimensicnal aob-
jects. By this it can be a tool for education or advertising. 'This is
a lesson of it's own.

Furthermore, there are really new moments in arts with this new tech-
nique. But again, this will a special lesson. A good address to people
interested in this field might be the New York Museum of Holography nr
the Lauk Museum of Holography in Cologne.

3. Holegraphic Interferometry
3.1 Fundamentals of Holographic¢ Interferometry
The reconstructed hologram contents all information about the imaged
object. If it is combined with another image of the same object, which

suffered small <changes by dislocation, deformation etc., the two
images interfere, fig 3.1. If the object has a rough surface oach

MACRAOGCOPIC VIEW

x N Ly
s

LLUMINATION .
[TRRTETESFS R EVTY
POINT [T

Tl GHMENYATIUN
= YL BaInT
e LT B ;

aBoec s own

N

om.ECT rH AW

OPSEAVATION
B FDINT

"IAH-)!ZCT - HOLOGHAM
Fig. 3.l: Holographic interferometry

point of the surface can be treated separately. According to sStetson
each change of the light way from the socurce over the object point to
the observation point by a wavelength produces one change in intensity
from black to white and back or vice versa /l/. This means one
interference fringe appears. The change of the light way is given by
the scalar product of the geometrical dislocation of the object point
and the sensitivity vector:

nl = Yg {(3.1.1)
with n order of the fringe

X : wavelength of the laser

¥ : sonsitivity vector

d : Aisloecation vector of the objr«r point

The sensitivity vector is the vector difference of unity vector from
the 1ligth source to the object point and the unity vecter from the
object to the observation point:



3.2 Set-Up fur Holographic Lnterfuronetry
3.2.1 Set-up

The basic set-up 1is shown in fig. 3.2. ‘The laser light, coming from
the laser L, is splitted by a beam splitter St into two parts:

- the reference béam runs from the focussing lens L. with the pin
hole P, and the mirror S$p. to the hologram H;

- the object beam runs over the mirror Sp. and the lens L. with the
pinhole P to the object 0, from there the light is scattered to
the hologram H.

Sp

Fig. 3.2: sSet-up for holographic interferometry, schematic

'he observation point B is behind the hologram. This point defines
with the source point ¢ the fringe appearence, the snesitivity of the
sct-up and the evaluation, demonstrated by the axis x. The posirtrion of
the helogram has a poor influence on the holographic interferometry.

The shown set-up consist two holograms and two observation points.
Ihis shall demonstrate that for guantitative evaluation more than one
interferogram is needed with different sensitivity vectors and one can
combine these set-ups in an easy way.

—
)
|

3.2.2 Optimization or the set-up sensitivity
I'he basic egquation
nid =y (3.1.1)

demonstrates that the number of fringes depends on two factors. Une is
the dislocation of the surface point and is only ruled by the object.
the second is the sensitivity vector, which is mainly ruled by the
set-up and the position of the object in the set-up. In order to
optimize the set-up for the dislocations to be measured one can define
geometric functions as the components of the sensitivity vector in
three specific directions. An adequate coordinate system is defined by
the following, fig. 3.3: The x-axis runs in the direction from the
light source to the observation point. The origin of the coordinate
system is at half the distance between these twe points. The y-axis is
in the plane from the origin to the object and the z-axis is given by
the requirements of carthesian coordinates. Furthermore the coordina-

tes shall be normalized by the half-distance between source and obser-
vation point x.:

? =x / X ; b=y / X : 5 =z / X (3.2.1)

\ /C'(X*tx,}"*ly)

L

Clx,y}

3

é[+x;:b)

Fig. 3.3: bLefinition of coordinate system
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The basic equation can be written as

nk=V a +¥ 4 +¥ d

with YV = [~ — x 1 / SUREM + (x + =X-) / SQRP
W ¥ SURM by SR
1) z / Skl o+ oz 7 HEUKE

okt = ofix - x 1* + yE o+ z?

suke = fix + % 12 + y? + z12

Yhe sensitivity of the set-up for different dislocations or

deforma=-

ticns can be shown in diagrams for the geometric functiocns, fig. 3.4.
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3.3 Remarks on
The maost common

Real time

b e 1o alvaict

Fhis. Tryof atat
i
fhe olopeot apd

Advantage: -

Disadvantage: -

Double exposure

Both stares of
same one. 'lhe r

Advantage: -
LVisadvantage: -
Time average

sure .
method 1s faver

Advantaqge: -

Visadvantage: -

Interferogram Types

types of interfercgrams are:;

¢ of the obiject is imaged by a  hologr . ERIT chanige |
ved through the toconstructed hotogran, this means Lot b
the reference beam stay unchaneged.

'he change of the object can be obscrved during the
time of change. Uynamic leoadingscan be filmed.
rhase shift evaluation can be applicd casily.

Usually it is difficult to get the best contrast.

'he documentation is not inherent in the measurement.
Any unallowed change of the ol-ject destroys the
measurement .

the cobject are stored in a hologram, usually in the
econstruction is done with only the reference beam.

Inherent documentation, even when the hologram breaks.
EBasy set-up, adequate to pulsed holography.
Basy change of reference wave.

No dynamic observation possible.
Phase shift evaluation is more difficult to apply.

'he state of the object is changed during the time of hologram expo-
he recenstruction is done only with the reference beam. This
ately used for vibration analysis.
Fasy set-up.
- Easy evaluation.
only adequate to vibration analysis.
- Amplitude of deformation is streongly limited.
L.; stetson, K.A.; "Interferometric Vibration analysis

/17 Powsell, K.
by Wavefron

t Keconstructions”, J.Upt.Soc.Am. 5%5,1593-1598 (1965}



4. Evaluaticon of lnterfercgrams

In chap. 3 the theory of the holographic interferometry was described.
It was shown that the calculation of the fringe system and the fringe
order can be done easily when the displacement and the set-up are
known. More difficuleies arise when the inverse problem has to be
handled that means to evaluate one or more interferograms in order to
estimate an unknown displacement. The main problem in this case is to
determine the fringe order as a functioen of the c¢oordinate. For
quantitative evaluation by a c¢omputer this are two problems 1in
practice: to determine the absolute fringe order and to de this
automatically. There are several approaches to solve the problem. The
most common will be reported in the next chapters.

4.1 Basic Problem

The gquantitative evaluation of the fringe system and of the HNDT has
to be done by a computer. The first step 1is to evaluate the
interference phase because the intelference phase is strongly related
to the dislocation by the multiplication with the sensitivity vector.
the problem to evaluate the coordinate/fringe-order relation 1is to
determine the phase at a given point automatically. The first attempt
is to measuere the intensity 1 and to solve a function like

I =1, cosy + L. (4.1.1)

with measured intensity

amplicude of interference (unknown)
ground intensity (unknown) '
interference phase (to be evaluated)

I
I.
i

f

were not successful even if sophisticated image analysis procedures
were applied. One of the best is an approach by Crostack /1/ to fit
the data of neighbourhood points by a locally matched cos-function
with sliding frequencies. The reason for the difficulties ig the com-
position of the intensity from different contributions, fig. 4.1.1:

it ensity -distnibunien I

scohllernng by
dust particie

inmerterence signal Spackias

-
r

Contributing signals to measured intensity

- The basic intensity distribution is not flat. Hy illumination with
a ‘I'kM.. laser beam the distribution is something like a part of a
Gaussian distribution.

- bLiffraction effects, scattering etc. by the optics and dust par-
ticles in the beam path produce unestimable interference patterns,
Computers - even with very sophisticated software - can hardly de-
cide between this noise and the real information.

- The coherent noise called speckles produces an additional pattern,
which has minima and maxima, regardless of the real information.

- Last not least, the information pattern gives a contribution.

There are different methods to evaluate the phase distributicn: une of
the mwmost accurate methods is the electronic phase measurement by the
heterodyne technique /2/. This method was used for some very precise
measurements but for practice it is to complicated. The standard
method today 1is the phase shifting method, introduced in order to
estimate residual stresses by holographic interferometry /3, 4/7. ‘The
method is convenient for real-time holegraphic interferometry. It can
be used in pulsed double-exposure holography, when two reference beams
can be applied. This few remarks point out the difficulties of the
phase shift method, although the accuracy is <c¢omparable to the
heterodyne technique. A new method is the Fourier Transform Evaluation
FTE /5/. 'This method is based on a unsymmetrical filtering in the
Fourier plane. The back transformation delivers komplex values for the
intensities at each peoint, which allow to calculate the phase at this
peint. The accuracy is less high than with the other methods but
sufficient in most cases.

R

B ol

i

T = sl



4. visual Inspeotion and Evaluarion

The easiest way to evaluate a fringe system is to measuere the lora-
tions of the minima and the maxima and to note this as a funcrion of
the c¢oordinates. Then one can give this into a computer and form a
fringe-order/location function. 1In most of the cases a least sguare
fit can give a good correction of the data and a high accuracy is
cbtained. However, this will not match the requirements of a modern,
automated evaluation. Even more, in the case of small inhomogenities,

e.qg. caused by defects, the method can disturb the needed result. so
this method might be considered as a personal inspection and is mainly
adequate to visual NDT.

Accuracy

'he accuracy in guantitative evaluation is poor, since the estimation
of the fringe order c¢an be guessed with an accuracy of a gquarter of a
fringe. The safety in finding small deviations of the fringe system
caused by flaws in the compenent is high, because a human eye can
detect such effects much better than a computer today.

Remarks

Advantages: - No investment needed for image processing.
- Good for visual inspection.

LDisadvantages: - Poor accuracy in quantitative gvaluation.

- Time-consuming and expensive for human labour.

-~ Human errors will appear. '

-~ Automated processing result needs human input into
the computer.

4.3 Y tervodyne lechnique

The Lasic idea of the hetercdyne technique is to introduce a fregquency
shift between the two waves forming the interferogram /27, fig.4.3.1.

Fig. 4.3.1: Set-up for hetercdyne phase measurement, schematic

The figure shows the experimental set-up for holographic interfero-
metry with opto-electronic fringe interpolaticn. ki and K are the two
refercnce waves for independent recording of the two object states. D
anil b are photodetectors at the points P and F , respectively, in
the image plane of the object. The phase difference is measured with
an electronic phasemeter. By this method it is possible to determine
the phase at a given point relatively to a reference point. For whole
the surface one has to fix one detector on a reference point (or his
image) and to move the second detector over the surface of the object,

Accuracy

The accuracy depends on the speckle noise of the fringe pattern and on
the electronic noise of the evaluation system. Usually this nocise
limits the phase measurement accuracy to 1/100 to 1/1000 of the wave-
length.

Remarks
Advantage High accuracy
Disadvantagqus: - No industrial system available.

Usually hetorodyning iz an off liue techniguo.
- 'The Methed is time-consuming by mechanical shift aof
S5eNnsor.,



4.d Phave SR lechdjue

The problep to evaluate lhe fringe system automatically arises Lrom
the different contributions to the intensity of a given polnt: )

~ the object illumination and the reference wave have a non-flat

basic intensity distribution,
- diffraction effects produce a interference system wWithout the
expected, but disturbing information,

- the coherent noise of the speckles is added randomly,

- the information pattern gives a contribution.
Normally it is very difficult for a computer to recoghize the correct
fringe pattern, if only the intensity at one point is measured. More
adequate could be a video-based technigues: the phase shift method
with an image analysis system /4/. The basic idea is given by the
following: The reference wave of a real time reconstruction is shifted
during the observation of the imaged object. This shift influences
only the last of the before mentioned effects contributing to the regl
intensity of an interferogramm. so only the information pattern 1is
changed by the phase shift. If this is done two or three times - this
means three or four fringe systems are recorded - with the same shift
angle, for each peoint of the fringe system three or four intensities
are measured. By a solvable equation system the interference phase at
this point can be calculated:

L =1 cos{y+ ke + 1, k=1,....,4 (4.4.1)
The solution of this as follows:
Lo(xy — L-(x) + 1.(x) — I.i{x} B
COS{p) = ~—mmmm oo {4.4.2})
2 1 tx) 2 L. ix)
(L.-1 ) + {L,-1 Jecosg + (I -Li)cos(2g) B
i = Areran —=o--so oo o s oooeo—mo— oo (d.4.3)

(L. -1.)sine + (I -1,)sin{2¢)

lt can be shown that the four image system with an arbitrary_ shift
angle has a lot of advantages in practice. Une of these 13 the
redundancy adainst vibrations.

Accuracy

'he accuracy of the phase shift method is basicly the same as with
heterodyning, (.0l to V.00l of the wavelength. Usually, the electronic
noise of the used video system limits the accuracy to L/lG0 of the
wave-length.

Remarks

Advantages: - High speed, high accurdcy and simple evaluation.
~ lnherent two-dimensicnal evalution.

pisadvantages: - Spicial set-up for the phase shifting neecded.

4.5 Puantitarive Bvaluation by Flk

A new muthod 1s the Fourier-Uransform-gvaluation (FPE).  The method is
basvd on a double Fourier transformation with an unsymmetrical fil

tering between the first and the second transformation /5/. The FUE is
expected to have an accuracy of about a thirtieth of the wavelength,
evaluation does not require any preparation -~ even photos of former
eXperiments can be evaluated - and the method is stable against noise.

The intensity distribution of any interferogram can be written as:

Lix,y} = alx,y) + b(x,y}l*cos(0(x,y)) (4.5.1)
Wwith 1(x,y}: Measured intensity at the point (x,y}

aix,y): Additive noise at the pointix,y)

bix,y): Multiplicative noise at the point {(x,y)

Ulx,y): Phase at the point (x,y)

The additive noise term contains e.g. scattering from dust particles;
the multiplicative term e.g. the illumination distribution and the
contrast of the interferogram. The phase distribution can be written:

/At - s {4.5.2)

vix, ¥y

with : Wavelength of the light

: Dislocation of the point (x,y}
Sensitivity vector

W =

The equation (4.5.1) can be written in the followinhg way, according to
Eulers formulas:

liz,y) = alx,y) + cix,y} + *(x,y) (4.5.3)

with cix, ¥y} = 0.5 * bix,y}) * exploix,y))

Although the intensity in this formula is given by the sum of two
CQmplex quéntities, it remains a real-valued distribution. The inten-
sity distribution, which is observed with a video camera, analog-to-
digital converted and stored in the memory of a computer, can be
transformed by a FFT program or hardware processor:

L fu,v) = A (u,v) + ¢ (u,v) + ¢ %u,v) (4.5.4)
I'mis equation describes a symmetrical distribution in the Fourier
plane becagse a real-valued function has a symmetrical Fourier
transform distribution. The spectral distribution is filtered with a
bandpass for one half of the Fourier plane except the point (0,0}:

' {u,v) = ¢ {u,v) (4.5.5)
The back transformation leads to a complex-valued intensity distribu-
tion, according to wqu.{4.5.3) and {4.5.4). This rises the opportunity
to calculate directly the phase by well-know mathematical operations:

5
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L (x,y) = cix,y) (4.5.6)
Ui, ¥) = arctan{imic(x,y}}/Re{ci{x,y}}} (d.5.7)

An  example for this evaluation in the one dimensional case 1is the
shown simulation, fig.l. The intensity distribution is disturbed by a
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Fig. 4.5.1: Fourier Transform Evalution, simulation

non-flat back-ground intensity distribution, by a non-linear amplifi-
cation, by a 4-bit analog/digital-conversion and by randem noise,
fig.la. 7The Fourier transformation leads to a symmetrical function
with high frequencies caused by the noise, fig.lb. A bandpass, which
is mainly a half space filter but cuts also the high frequencies in
this case, rises a unsymmetrical curve, fig.lc, which back-tranrsformed
and treated in the before-mentioned way results in the wanted phase
distribution, fig.ld. The reconstructed intensity distribution demon-
strates the quality of the filtering process, fig.le.

Accuracy

'he  accuracy is under invegtigation teday. First results predict an
accuracy of about 0.0l of the wavelength.

Remark s
Advant ages: - Muthod can be applied to every intor ferogram, oven
thaose on photos,
- unly small computers with Fouaricr francform sotc- or
hardware is need:od.
iisadvantayges: - Commercial systems under development.

- Best results in dnteractive mode.

5. aApplications of Helographic Intel forometry

5.1 Helographic Non-destructive Testing

Bach ML method consists three basic elements, tfig. 5.1:

- The scender {emitter) puts any energy into the test object. ‘rhe
energy can be in the form of ultrasonics in Us-testing, heat in
thermography etc. In holographic NUI' in most casrs a mechanical ol

thermal 1lcad is applied, introducing deformation energy into the
specimen.

- The test object transfers the energy to another surface or back to
the input surface. The transfer of the energy - the attenuation,
the scattering, the transformation or else - depends on the mate-
rial properties and on the geometry of the specimen.

- 'I'he receiver records the transferred enerqy and converts it inte a
detectable signal.

sender object sensor
ultrosonics tesimaterial detector moy
X -roy be sensibive
heat to secondary
mech. 1oad . eifects

m<E= i

T
.

P
e
s

- I

Fig. 5.1: Basiacs of NIV

TR KD AN starfimg the nen-destructive testing or tivernn ol jeet rh
influence  of the change of material properties ta T doebected an o the
eneray tvansfer must be known from rescarch and deve- ] apiient wort kL I
the special case of holografic NUT the load must he ohosen Adengnare 1o
the problem. Beside the operational load one can use rhermal load or o
change of the cnvivronmental pressure .



5.1.1 Lgading
Thermal 1osad

A useful loading of the tust component is the thermal load. I'his can
be done in different ways:

1f the component excist fully or partially of metal, a direct heating
can be applied by a current through the metal. The effect to be seen
is the following: in the area of the flaw the heat transfer changes.
By this an inhomogenous temperature field is induced which results in
strain inhomogenities. These inhomogenities can be detected even
through layvers of several milimeters of steel.

If the material is a composite whether of metal-plastic or of fiber
reinforced plastics the heat input can he acchieved by a (infrared)
radiation. For metal layers at the surface the flux must not necessa-
rily be uniform: Inside the metal the temperature field equalizes
after a short distance (< 1 mm). For testing plastics the flux should
be wuni-form. Because of the bad heat conduction the heat input
inbomogenities can be detected even after long distances (> 10 mm}.

Pressure load

f usual loading of componz<nts is the pressure load. ‘the component is
given into a chamber or another environment, where the pressure may be
lowered. MWith the lower pressure outside, the gas in the defects
deforme the material around the defects. This can be detected. The
pressure difference in common applications is up to 10 - 50 mbar. 3So
one may think even to lower the pressure in whole rooms.

Operational load

I'he operational lcad can differ in a large variety of different types.
Se¢ it is impossible te mention out all these as an example. bBul onhe
fact can be started: Usually, the testing load can be much smaller than
the real one. l'ypically 10 % of the real load has to be applied.

5-1.

Iha
=

aterials and Components

'hne holographic NUT can be applied to all materials and components.
Hut in fact, <c¢onventional methods compete with the HND'Y by their less
expiensive equipment and the easy way of evaluation in most cases. $So
HNDT is in general powerful for testing composite marterials or
structured components, not to be tested conventionally.

5.1.3 Honeycomb lest

I'ne two-dimensional evaluation was applied to the deformalion measure -
ment of & radio antenna component during a non-destructive test. I'he
object to be tested has a complicated structure, ‘1'he cernel is build

of a aluminium honeycomb. ©n both sides a bonding layer and a CKp-
layer is added. The best loading for the HNDT was determined by first
experiments with different loads 1like lower pressure, radiation
heating and direct current heat.

The set-up was a symmetrical one with the sensitivity vector perpendi -
cular to the surface of the component. The absolute value of the
s?nsitivity vector was nearly 2. The interferograms were made in real-—
time technique, fig. 5.2. The filtering with two different half-space
bgndpasses enabled the calculation of whole the phase distribution,
fig. 5.3. The evaluation lead to good results over nearly the

~
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Fig. 5.2: lnterferogram of a honey-comb structure test

whole surface. only in the very dark parts of the abject the
evaluation made some difficulties. But by transforming the background
anq subtracting the background spectrum before the filtering even in
this part the interferogram could be evaluated. Additionally. the
deviation of the surface deformation was calculated. 'The main resulr
of this quantitative evaluwation is the additional information avai-
lable from the same interferogram:
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S.uromstruction Uptimization of an Antcnna Poanel

[y wrder to expleore the very far nniversce, large  radio-astronomie
antennae are build up.  One of this radio telescopes i mounred by the
LkAM, 1insrtitute for radio asrronomic measurements, froane:. Hecause the
task was to veach objects in a distance of more than 1o billion Tight
years, the quality and stability demands were high. s, the contour
should stay within a accuracy of better than 50 um under all loads,
€.9. wind, temperature and gravity. To meet this requirements th.
whole antenna with a diameter of 30 m was constructed of smaller
panels, s1ze up to 1 m, fig. 5.4, which could be adjusted by piereo
driven e¢lements. But each of this smaller panels itself had to  Le
stiff enough for the task. $o different constructions of Chese pancl:
were build up and had to be tested. The only tool powerful enough, was
the holografic interferometry. & special interferometer was build up.
With this interferometer it was possible to turn whole the set-up 90

for the gravity measurement. The fringe system, was evaluated by
measuring the fringe order/location data manually., Afterwards these
pairs of data were given into the computer. 'This iz a simple method

but it gave the necessary results. The tested panel shows large
deformations, fig. 5.5. So it was changed.

Fig. 5.3: Evaluation of the interferogram 5.2

- Big areas show the deformation inhomoqepity‘of disbonds as they were
expected by the preparation of the specimen. ) ] ] ]

- Thers is an arditional structure in one direction which is due to
the way of overall preparaticn of the bonding._ ] ]

- surprising was the evaluation of the small periodic structure which
is mainly influenced by the thin layer between the honeycomb cernel
and the CFKkP-layer. .

1'his demonstrates, that guantitative evaluation can show more of th?
internal structure of an object than one m}ght expect. Howewver, the
evaluation had beoen donz by visual inspection.

minu - reflectors

L - - o im - -

Fig. 5.4: Antenna panel constructed from small elements



5.3 bxperimental stress analysis

Exper imental stress analysis is a wide field for the application of
holographic interferometry. In this case the method is% in competition
with the conventional strain gauge technique. However, for the
investigation of stress fields holographic interferometry has a lot of
advantages.

The deformation behaviour of a pressure vessel, 5 m length and (.6 m

e i . -
:ﬁ: <53 diameter, should be measured under internal water pressure in the area
TGOS T, - _ N . .
; -ﬁaﬁﬁﬁz 0‘; of a bump, fig. 5.6. Conventional methods would require mor than 50
- 0’:§::'\:::¢;.0:’::::':"" o strain gauges, so holographic interferometry was chosen as method. all
L) 5 . N
] ...::::.:zzz‘: :::0.:.,::: .,,’.’.:0:%’../‘__ .-“-.:.:“ the equipment was mounted onto the tube, which layed on the ground of
'::g::.*.-.;.;ozgz«-:g::.ga*.'.o:::.:.:g:/.,-’-:‘;:.;.:.0.:..‘ the work shop. Although the deformation could be measured, fig. 5.7.
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