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Abstract—In this work, an optical coherence tomography 

system is presented. The system was designed to measure the 

thickness (within 10µm resolution) and give an insight of 

additional mechanical behavior (bonding) of multi-laminated 

films. The results demonstrate the feasibility of this kind of 

system to help provide additional information with contactless 

and non-invasive techniques, which are significant advantages 

compared with traditional mechanical systems.  
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I. INTRODUCTION 

Multi-layered synthetic films are typically used in 
packaging engineering to protect the subject from 
environmental effects. In food packaging, each layer has a 
unique purpose, such as protecting the sample from oxidation 
or providing evaporation porousness inside out. In gas-liquid 
barrier films, producing the right thickness of each coating is 
vital. If the layer is too thin, the conditions might not be 
accomplished; in contrast, if the coating is too thick, there will 
be material waste. The typical physic characteristics that must 
be examined comprise the thickness and homogeneity of 
individual and multi-laminated films and contaminations. 
Traditionally, a vernier caliper or micrometer is used to 
measure the thickness of the layer. Nevertheless, these 
instruments yield a variety of errors, such as lower resolution 
than optical techniques, parallax error, and application of 
pressure over non-rigid films, among others. The method to 
achieve this task has to be non-invasive and non-destructive, 
high-speed, and must show the internal structure of materials. 

Low-coherence and coherent-light optical techniques can 
measure samples' physical, optical, and mechanical 
properties. Optical coherence tomography (OCT) has been 
used in a wide variety of fields in medical science besides 
ophthalmology [1]; for instance, gastroenterology [2], and 
cardiology [3], among other areas. However, the versatility of 
OCT allowed it to be applied in engineering areas such as 
materials science [4] [5], where its measurement range and 
resolution (ranging from millimeters to micrometers) made it 
ideal for evaluating the optical and physical characteristics of 
films or composite materials. OCT uses broadband 
illumination in the near and mid-range infrared spectrum of 
light. As in other visible light interferometers, the light from 
the illumination source is divided by a beam splitter that 
directs part of the beam towards a reference arm and an object 

arm containing a mirror and the sample to be analyzed, 
respectively. Subsequently, the light backscattered by the 
sample is recombined with the beam reflected by the reference 
mirror, thus causing interference patterns between the 
different wavelengths. Finally, the beam is directed towards a 
spectrometer that varies depending on the type of OCT used. 

In temporal OCT, interference patterns are produced by 
the axial movement of the reference mirror to equalize the 
optical path difference of the light backscattered by the 
different layers of the sample. These interference patterns can 
be observed when the mirror and sample are at equal distance 
from the beam splitter, with a tolerance equal to the coherence 
length of the illumination source. Conversely, in spectral 
OCT, the reference mirror remains static, and the separation 
of the interference patterns can be resolved with the help of a 
diffraction grating that angularly separates these patterns 
before the sensor captures them. The advantages of spectral 
OCT include high-speed scanning, high sensitivity, and the 
capability to display two- or three-dimensional 
reconstructions in real-time. In addition, it has been shown 
that it is possible to measure the in-plane and out-of-plane 
strains of samples [6] [7]. This effect allows analyzing not 
only the physical and optical properties but also the 
mechanical properties of materials, which is of great interest 
in materials science. 

OCT can give the thickness of coatings [8] [9], or the size 
and distribution of rivets or filaments. Also, surfaces or 
impurities can be identified and provide quick signs of the 
sample's condition, giving researchers valuable evidence. 

Moreover, it is feasible to benefit from birefringence for 
measuring stress and strain using polarization-sensitive OCT 
[10], to determine the velocity of fluids with Doppler OCT 
[11], among other properties of materials. 

II. METHOD 

A. Optical Setup 

Figure 1 shows the optical setup, where an 840nm with 
40nm bandwidth superluminescent diode (SLD) was used as 
a light source and an FC/APC optical fiber for beam guidance. 

The beam is collimated by a fiber collimator (C), which 
goes through a 50/50 non-polarizing beam splitter (BC), 
dividing the beam into the reference and sample beam. 
Subsequently, the reference beam is focused on the mirror (M) 
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using a spherical lens (L1 f=100mm). Meanwhile, the sample 
beam is focused on the sample by another spherical lens (L2 
f=100mm). Finally, the interference spectrum is focused on 
the CCD sensor by L3 (f=250mm) and angularly resolved by 
a 650 lines/mm diffraction grating (DG).  

 

Fig. 1. One-dimensional OCT optical setup. 

Since OCT uses a low-coherence light source, it has a 
coherence length 𝑙𝑐  that indicates the distance within each 
wavelength can interfere with itself [12]: 

𝑙𝑐 =
1.386
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𝑙𝑐  represents the coherence length and is obtained by 
assuming that the source illumination beam spectrum is 
Gaussian. λc  is the central wavelength of the illumination 
source, and Δλ is its bandwidth. 

B. Processing 

If the Fourier transform of the bandwidth is obtained, its 
point spread function (PSF) could be observed. Gaussian 
profiles of the light source are desirable due to the advantage 
of their autocorrelation, not presenting side lobes that produce 
echoes of the structure [13]. However, most manufacturers 
broad the bandwidth of superluminescent diodes (SLD) by 
embedding two semiconductors with near spectra, causing 
lobes to appear in the PSF. 

The result of the convolution of the PSF and the sample 
profile is the combination of interference patterns of the object 
and reference beams that can be represented as [14]: 
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Where λ is the wavelength, δ is the phase difference 
between the wave from the reference and sample beams, R 
and S subindex means reference and sample. The first and 
second terms (reference intensity and sum of the intensities 
dependent on wavelengths) correspond to the DC term 
(background noise); the third term denotes the intensity 
modulated by the interference of the reference beam and the 
light source's spectrum. While the last one is the modulated 

intensity resulting from the interference of each wavelength 
with the others. Applying a frequency transformation and 
filtering the DC and autocorrelation components, information 
on the internal structure of the object is obtained: 

𝐼(𝜆) = ∑ 2√𝐼𝑅 ∗ 𝐼𝑆(𝜆) 𝑐𝑜𝑠( 𝛿(𝜆)))
𝜆𝑚𝑎𝑥
𝜆𝑚𝑖𝑛

  (3) 

The sample is positioned vertically and fixed over a 1-inch 
optical round mount on the sample's focused beam plane. 

III. RESULTS 

Several tests were made using different films: pectin, 
protein, and protein-protein. All films were made under the 
same temperature and humidity conditions, so the only 
difference between each is the thickness and properties 
derived from the solutions. Table  summarizes the data in 
Figures 2 to 5, where a pixel to µm conversion was made 
according to the depth resolution of the system (1 pixel ≈ 3 
µm). Since the 2D image captured by CCD represents 1D 
information, a mean of 10 rows of the fast Fourier 
transformation result was made. 

TABLE I  

SUMMARY OF VOLUMES AND THICKNESS OF PECTIN AND PROTEIN 

FILMS. 

Solution Volume Thickness (µm) σ (µm) 

Pectin 20ml 92.3 1.9 

25ml 99.1 2.2 

Protein 30ml 758.8 33.6 

35ml 690.4 77.2 

Also, a thickness comparison between random regions of 
each film was made. The results showed ≈2 µm normal 
deviation for pectin films and ≈30-80 µm for protein films. 

A. Pectin 

 

Fig. 2. A-Scan of 20ml pectin film. Peaks indicate the presence of 

interfaces. 

This section shows Pectin films of two thicknesses; both 
were formed on petry dishes, using 20ml and 25ml of solution. 
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Figure 2 shows an A-scan (Amplitude scan) of a 20 ml pectin 
film. The plot shows two peaks of maximum magnitude, 
which match the interfaces of the film (air-film, film-air). The 
distance between each peak is proportional to the thickness of 
the film, as mentioned in Table . 

Fig. 3 shows the depth scan of a 25ml pectin film, where 
a slightly thicker (≈+7 µm) film can be observed compared to 
the 20ml pectin. It is worth mentioning that all plots' 
magnitude does not represent the quantitative amount of light 
captured by the sensor. Still, the maximum sensed for a 
particular A-Scan, since its y-axis is the sample's reflectance 
and it, directly depends on the angle between the sample and 
the propagation axis of light. 

 

Fig. 3. 25 ml pectin film A-Scan. 

B. Proteins 

The same procedure of pectin films was performed for 
protein films. The results indicated that protein film thickness 
is greater than pectin films for comparable solutions poured in 
Petri dishes. 

 

Fig. 4. A-Scan of 30ml protein film. 

In Fig. 4 and Fig. 5, A-Scans of proteic films can be seen. 
The relative reflectance of each layer (air-film and film-air) 
indicates the orthogonality of the samples' surface and 
propagation axis of light, demonstrating a slight non-
parallelism among each layer besides the absorption in the 
irradiation spectrum. 

Additionally, a thickness comparison of 30ml  and 35ml 
protein films plots suggests an incongruence since fewer 
solutions lead to thicker films; nevertheless, Table  reveals 
that the standard deviation of 35ml protein film is greater than 

30ml protein film, indicating that 35ml protein film lacks in 
thickness uniformity than 30ml protein film. 

 

Fig. 5. A-Scan of 35ml protein film. 

C. Protein-Protein 

 

Fig. 6 Series of A-Scans at different points over a multi-laminated 

protein-protein film. 

All previous tests were realized to be demonstrated as a 
proof of concept. The main goal of this project is to analyze 
the level of adhesion among other physical properties of 
multi-layered films. 

 

Fig. 7. A-Scans near edges of multi-laminated protein-protein films. 

All plots in this section show a series of A-Scans recorded 
at random sections of one film for each figure. The initial tests 
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were made using two protein films as those are thicker than 
pectin films and their ease of manipulation. Fig. 6 exhibits a 
firm adhesion between films. This test used distilled water as 
a binding agent and laminated at 40ºC. Whereas in Figure 7, 
the top and bottom films present unbonded regions (A-Scan 
6) corresponding to the edges of the multilaminate film. 
Finally, Fig. 8 displays a series of A-Scan where an air bubble 
was trapped inside a multi-laminated film. It can be seen as a 
gap on each pair of peaks of the top and bottom films. 

 

Fig. 8. A-Scans of a multi-laminated film with an air bubble trapped. 

IV. CONCLUSIONS AND DISCUSSIONS 

This work demonstrates the use and advantages of OCT as 
a contactless and non-invasive technique to study multi-
laminated films. OCT can retrieve the thickness of films and 
the bonding of multi-laminated films. Since this OCT system 
works on a single point over the sample, the processing can be 
executed in real-time (10 fps), and less power is needed to 
observe the sample's internal structure. Nevertheless, further 
studies must be done to maximize the information retrieved 
within a single shot. In addition, a modification of the OCT 
system is planned to simplify the visualization of defects and 
physical characteristics of multi-laminated films by allowing 
reconstruction slices (B-Scans) of the internal structure from 
A-Scans information. In Fig. 6 through Fig. 8, a displacement 
over the depth axis (pixels) is present, indicating the 
deformation of films. This deformation could be caused by the 
temperature and pressure exposed in the multilaminate 
process. Furthermore, the stiffness of multi-laminated films 
was increased, but not as substantially as desired. In the 
upcoming stages, the integration of PET films is planned. 
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