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• local interferometer, with generation of an interferometric reference near the sample

• demanding mechanical and temperature industrial environments 

• depth reflectivity profiles

• acquired channeled spectra are numerically processed by Vandermonde’s algorithms

• standard hardware/software requirements

• LabVIEW (National Instruments, USA), 

• one CPU controls the measuring setup, acquisition and signal processing 

Optical Coherence Tomography (OCT)

•based on white light interferometry [1] 

• high spatial resolution imaging technique

• low-coherence optical sources 

• depth selectivity 

• generates very narrow and well resolved optical sections 
of the imaged samples 

Micrometric voxel resolved extinction coefficients algorithm

spectral domain in-fiber system developed for point measurements 
of micrometric thicknesses films, embedded in transparent materials

Results

B. Time-Domain OCT

The values τnm in Eq. (4) are delays of waves return-
ing from different layers within the examined object
and do not depend on the position of the reference
mirror. Thus, while measuring the signal for the con-
stant position of the reference mirror, the detector
will register only one value of light intensity. After
introducing the variable τrby movement of the refer-
ence mirror, the registered signal may be expressed
in the following way:

IðτrÞ ¼ Const þ 2I0
X

n
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p jγðτnÞj cosðωτnÞ: ð7Þ

In reality, the function jγðτnÞj is a normalized coher-
ence function, and its envelope, similarly to the en-
velope of the coherence function, depends on the
spectral shape SðωÞ of the used light. According to
the Wiener–Khintchine theorem, SðωÞ and ΓðτÞ are
related via a Fourier transformation:

SðωÞ ¼ 1
2π

Zþ ∞

% ∞

ΓðτÞ expfiωðτÞgdτ: ð8Þ

Use of partially coherent light will cause the inter-
ferometric oscillatory signal to be visible only if
the light delays coming from the reference mirror
and the reflecting surface in the object are equal
to each other within the coherence time tc. The infor-
mation on the structure of the object along the prob-
ing beam is obtained by registering an optical signal
during the shifting of the mirror, therefore the meth-
od is also called TdOCT. Delays τ, for which an oscil-
latory signal is observed, allow for determining a
localization of reflecting interfaces separating media
characterized by different refractive indices, and
thus for determining the depth-dependent distribu-
tion of the refractive index changes. By analogy to
ultrasound, information about the backscattered
light intensity and the reflecting points of the regis-
tered light is called an optical A-scan. The cross-
sectional image may be constructed in a simple
way by collecting many A-scans measured for adja-
cent positions of the sampling beam. The final gra-
phic representation of the cross-sectional image is
obtained by displaying the value of light back-
reflected intensity in the depth function Z and in
one of the transverse directions, X or Y. The intensity
value is coded by grayscale or false color on a loga-
rithmic scale to obtain the optimal image contrast.
The general operational rule of TdOCT is presented
in Fig. 1. The above-described method of measuring
layer thickness was used for the first time in 1990 by
Fercher [17]. Two-dimensional cross-sectional ima-
ging of biological objects was demonstrated in 1991
and was referred to as OCT [2].

C. Fourier-Domain OCT

An alternative solution to time-domain detection is
Fourier-domain optical coherence tomography
(FdOCT) [18–22]. Here, information on the location

of reflective points along the sampling beam is coded
in the frequency of oscillatory signal modulating an
original spectrum of the light source.

Electromagnetic field used in OCT consists of
many optical frequency components, meaning that
the light spectrum SðωÞ has a broad spectral band-
width amounting in practice to hundreds of nan-
ometers. For the sake of clarity we can assume
that the spectral shape SðωÞ is not modified in either
the reference or sample beams. Then using the Four-
ier transformation Eq. (4) can be rewritten in the
Fourier domain to the following form:

StotalðωÞ ¼ SðωÞ
"
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#
; ð9Þ

where coefficients an characterize the relative
attenuation of backreflected light coming from mea-
sured sample. The optical frequency-dependent dis-
tribution of light intensity described in Eq. (9) and
registered in the interferometric setup is called a
spectral fringe pattern. For practical reasons, the
measurement of this signal is more often performed
as a function of optical wavelengths instead of optical
frequencies. This causes a nonlinear distribution of
phase of registered oscillatory signal, and it is usual-
ly corrected in signal postprocessing. In order to
reconstruct the axial structure of the measured
object, it is necessary to apply an inverse Fourier
transformation:

~IðτÞ ¼ IFTω→τfStotalðωÞg;

ÎðτÞ ¼
$
arþ

X
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p ðΓðτÞ ⊗ δðτ & τnÞ
%
: ð10Þ

It may be noted that here, in contrast to Eq. (7), all
components, including those describing mutual in-
terference between light beams coming back from
the object, depend on the same variable τ. Moreover,
there are signal components that originate from mu-
tual interference between light waves backreflected
within an object. In practice this matter is even more
complicated because in actual systems, apart from
information coming from the object, there also exist
many reflections within the measurement instru-
ment that also contribute to the total signal collected
and are analyzed by the OCT device. These all com-
ponents are referred to as coherence noise. The ea-
siest way to eliminate the coherent noise not
correlated with the object is to subtract the signal re-
gistered when the object is not present in the sam-
pling arm. It is more difficult to get rid of coher-
ence noise connected to the measured sample.
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• depth scanning capabilities of OCT 

�z = c� = 4 ln 2
⇥

�2

��

I(z) = I0 exp
�
�
R z
0 µ(z0) dz0

�

µ(z) is the extinction coefficient, which 
depends on the medium properties.

Processing algorithm:
•natural logarithm of the data 
• iteratively performing linear fits
•allows:
• determination of  µ(z) with micrometric 

voxel resolution.
• efficient (but costly) signal averaging

dry wood samples
•  stack of 100 C-scans
•  total depth 1-2mm (in air)
•  slice thickness: 10-20 micron (in air)
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microfluidic micromanufactured mold
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CEMICRO

http://www.micromanufacturing.eu/

Control of bottle pre-forms 95

White light interferometry and optical coherence tomography are ideal
approaches to measure film thicknesses non-invasively. The first attempt
was to simply perform A-scans at different pre-form height positions �.
The difference in refractive index between bulk and film materials gen-
erally allowed for a good interferometric signal to be detected, how-
ever the cylindrical shape of the pre-forms required good alignment of
the object.
Figure 4.2 shows two A-scans acquired in the region of line # 1 in figure
4.1. Graph 4.2 a) represents a zoom into the region of the EVOH film,
with the two arrows indicating the PET/EVOH interfaces. The driving am-
plitude of the galvo mirrors was of 0.5 V⇥⇥, resulting in a depth range of
2.45 mm. In graph 4.2 b) the region of the EVOH film is shown as well as
the first air/PET interface. Here the driving amplitude for the galvo mirrors
was of 0.9 V⇥⇥, yielding a depth range of 4.35 mm. In both graphs the
vertical black dashed lines indicate the turning points of the galvo mir-
ror, with some distortions being visible around these points. In one of the
turning points shown in graph b) (around 250 ms) some stronger mod-
ulation is observable, resulting from the walk-off of the optical beam in
the delay line at higher galvo driving amplitudes.

a) b)

c) d)

Figure 4.3.: Control of film thickness with OCT. a) and b) B(A) images of EVOH and nylon
in PET, respectively, acquired in the region of line 1 in figure 4.1; c) and d)
B(A) images of the same samples, obtained in the region of line 2 in figure
4.1. Image size Y � Z 2.5 � 0.75 (in air) mm2.

In figure 4.3 a series of B(A) cross-section images is presented. Images
a) and b) were acquired around line # 1 in figure 4.1, with films made
of EVOH and nylon, respectively. Images c) and d) were acquired at
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Micrometric Perfilometry
3D inspection OCT (time/spectral domain) probing

• depth resolution
• function of optical source spectra
• decoupled from diffraction limit
• tipical values: 1- 20 µm

• transverse resolution
• difraction limited

• excelent signal dynamic range

• non-invasive

• contactless technique
• depth imaging of biological 

samples in vivo and in real time

prioritary 

laser microfabricated structures
•  stack of 100 C-scans
•  total depth 0.2 mm (in air)
•  chanel widht: 100micorns

Stellenbosh, South Africa, 5-8th April 2011
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