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Abstract 

Optical coherence tomography (OCT) was tested as a tool for an in-line quality control of 

multi-layered foils directly during the production process. To this end a portable high speed 

and high resolution spectral-domain OCT system was equipped with a specially designed 

probe head. The performance of the system and its ability to image samples moving 

laterally at high speed were successfully tested under laboratorial conditions. 

Subsequently the OCT system was implemented at a blown film extrusion line at the 

Innovation Headquarter of Borealis Polyolefine in Linz, Austria. The imaging sessions were 

performed during the actual production process and proved the capability of OCT to image 

and distinguish the individual layers in the multi-layered foils.  

Introduction 

Optical coherence tomography (OCT) [1] is an emerging non destructive and contactless 

high resolution imaging technique, which allows for one, two, or three dimensional image 

data to be acquired in situ and in real time. So far, the research in the field of OCT has 

mainly been directed towards biomedical applications like ophthalmology [1], dermatology 

[2], dentistry [3], or development biology [4]. However, over the last years, the number of 

OCT applications outside the field of biomedicine has increased substantially [5-9]. 

OCT is based on the physical phenomenon of white light interferometry and 

therefore well suited to image layered structures. The image contrast is due to 

inhomogeneities in the refractive index of the sample materials, and thus OCT provides 

complementary information to other high resolution imaging techniques, like X-ray 

computed tomography (CT) and magnetic resonance imaging (MRI). The use of light 
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sources with low temporal coherence (i.e. a large bandwidth spectrum), like 

superluminescent diodes or femtosecond lasers, allows for axial resolutions in the range of 

one micrometre to be achieved [10]. The sample is commonly illuminated with light in the 

near infrared (NIR), and the penetration depth strongly depends on the sample’s 

attenuation properties in the used spectral band. With the right choice of the light source, 

penetration depths of several millimetres can be achieved. The probing beam is focused 

into the object and photons are back-scattered from different sample structures like 

interfaces, impurities, pores, or cells. Only single scattered photons contribute to the useful 

signal and by comparing their arrival times with a reference light beam a depth scan is 

obtained. Reconstruction of depth resolved cross sections is performed by scanning the 

probing beam laterally across the sample.    

The depth resolved OCT signal can be acquired either in the time-domain or the 

spectral domain, with the latter approach offering advantages in terms of imaging speed 

and sensitivity, enabling video rate imaging [11] and in-line applications. In comparison to 

other high resolution microscopic techniques like confocal microscopy, OCT has the 

advantage that the axial and lateral resolutions are decoupled. Therefore the imaging 

optics can be located away from the sample without penalizing the axial resolution.  

The axial resolution is defined as one half of the coherence length lc of the light 

source, which is a function of the square of the centre wavelength over the source 

bandwidth:  

 
(1) 

 

Here K denotes a constant factor (0.44 for an optical source with Gaussian spectral 

distribution), and λc and ∆λ describe the source’s centre wavelength and full width at half 

maximum (FWHM) bandwidth, respectively.   

The lateral resolution is determined by the probe optics and can be calculated over  

 

 
(2) 

 

where f is the focal length of the used lens, D is the beam diameter and n the refractive 

index of the sample material.  

Additionally, OCT allows for the study of sample characteristics like the attenuation 

properties (e.g. differential absorption OCT; DA-OCT) [12], the flow velocity and direction 

of fluids (Doppler OCT) [13], and birefringence due to strain or anisotropies (polarization 

sensitive OCT; PS-OCT) [14].   

Many packaging foils consist of layered structures. Generally, the individual layers 

have special properties which help to avoid light or ambient gases from penetrating into 

the package, and thus to preserve the content and to extend its lifetime. Therefore the 

characteristics of these individual layers are crucial. They should be of homogeneous 



thickness without air inclusions or defects, and thick enough to ensure the desired effect, 

but, on the other hand also as thin as possible to be cost effective.  

Generally the overall foil thickness is measured in-line by radiographic means. This 

approach, however, uses hazardous radiation and does not enable a determination of the 

thickness of the individual layers. This parameter is usually controlled over the weight of 

the foil materials before they enter the blown film extrusion line. So far, a reliable control of 

the final product, however, is only performed off-line. To this end samples are cut out of 

the multi-layered foils and are analysed by microtome microscopy. This approach is time 

consuming and the results are only available several hours after the production of the foil. 

Therefore, during this time period the quality of the foil is unknown and it is possible that 

the whole intermediate production has to be classified as cull.   

The non destructive and contactless nature of OCT turns this technique an ideal 

tool for the in-line analysis and quality control of multi-layered foils and other coated 

structures, as they are often used in the packaging industry. Films with a thickness of a 

few microns can easily be resolved with common OCT systems, therefore enabling the in-

line control of film thickness homogeneity and the detection of impurities. With knowledge 

on the refractive index of the single layers in the multi-layered foils, even an exact 

measure of the sample thickness can be provided.  

Experimental 

OCT set-up 

The experiments presented in this work were performed with a portable high speed and 

high resolution spectral-domain OCT system. To meet the requirements of the experiment, 

the system was equipped with a specially designed single point probing head. Generally, 

OCT cross section images are obtained by scanning the probing beam across the sample. 

In this special application, however, the sample is already moving laterally at high speeds, 

enabling therefore the acquisition of depth scans at different lateral positions without 

scanning.  

In Fig. 1 a schematic of the system is depicted. The light coming from the optical 

source (SLD Superlum, Russia, λc = 830 nm, ∆λ = 62 nm, coherence length lc = 10 µm) 

passes a directional coupler DC (Thorlabs), is focused by fibre focuser FF (OZ Optics), 

and split equally into a reference and a sample beam by a non polarizing beamsplitter BS 

(Thorlabs). The reference arm is terminated by a gold coated mirror. Photons back-

reflected from both reference mirror and the different foil layers are injected into the same 

optical fibre and brought to the spectrometer. Here the light beam is collimated at FC (fibre 

collimator, OZ Optics), dispersed on the transmissive diffraction grating DG (Wasatch 

Photonics, 1200 lines/mm), and focused onto the linear CCD camera (Atmel Aviiva, 2048 

pixel, 14 µm² pixel size, 12 bit resolution) by achromatic lens L.  A-scans (single depth 



scan) were acquired at a rate of 20 kHz. A cross section image (B-scan) consists of 1000 

adjacent A-scan lines, resulting in a frame rate of 20 Hz.   

 
 

Figure 1: Schematic of the spectral domain OCT system. The dashed blocks represent 

portable and compact modules. DC – directional coupler; FC – fibre collimator; FF – fibre 

focuser; L –lens; M – mirror; BS – beamsplitter; DG – diffraction grating;  

 All dashed boxes in Fig. 1 represent portable and compact modules which can be 

exchanged and also implemented into other OCT systems. By using such a modular 

system design, the adaption towards the requirements for the particular experiment is 

facilitated. The whole signal processing is performed on a hardware basis in a field 

programmable gate array (FPGA) and the thickness of the individual layers was measured 

with the aid of a dedicated Matlab tool.    

Off-line test system 

In order to test the capability of the OCT system to image the individual layers in a moving 

multi-layered foil, off-line tests were performed at the facilities of the Research Center for 

Non Destructive Testing in Linz, Austria. To this end multi-layered foils were fixed on top of 

an optical bench and the OCT probe head was moved at different speeds, ranging from 5 

mm/s to 800 mm/s. A photograph of the experimental set-up is depicted in Fig. 2. The 

probing head was accelerated from its resting position (located on the left or right hand 

side) and the OCT measurements were performed in the centre of the system. 

Subsequently the probing head was decelerated. The sample had an overall thickness of 

290 µm and consisted of 10 different layers.  



 

Figure 2: Photograph of the off-line test system.  

Blown film extrusion line 

The experiments presented here were performed at a blown film extrusion line (Hosokawa 

Alpine), which is located at the Innovation Headquarter of Borealis Polyolefine in Linz, 

Austria. With this equipment it is possible to produce multi-layered multi-material foils 

consisting of up to seven individual layers. Throughout the experiments the overall foil 

thickness was varied between 30 µm and 200 µm and the production speed was varied 

between 266 mm/s and 500 mm/s. The multilayered foils consisted of layers of different 

materials (Borclear™ polypropylene, Borshape™ polyethylene, adhesion layer polymer 

and EVOH), where the EVOH layer was sandwiched between two layers of the other 

materials.  

Results 

Off-line tests 

Fig. 3 shows a comparison of OCT images acquired at different speeds of the probing 

head, ranging from 5 mm/s to 800 mm/s. The images reveal that even at high speeds of 

the probing head the image quality allows for a distinction of the individual foil layers. The 

lateral size of the images has a speed dependency and can be calculated over x = v/f, 

where v is the probe head velocity in mm/s and f is the frame rate of the images (20 Hz). 

The respective values are given in Table 1. The image size in axial direction is 2.57 mm (in 

air).  

 



Tab.  1: Values for probe head velocities and the respective lateral extension of the images.  

Probe head 

velocity 
5 mm/s 10 mm/s 20 mm/s 50 mm/s 100 mm/s 200 mm/s 300 mm/s 800 mm/s 

Lateral 

image 

extension 

0.25 mm 0.5 mm 1 mm 2.5 mm 5 mm 10 mm 15 mm 40 mm 

 

 

Figure 3: OCT images of multi-layered foils which were moved at different speeds; a) 5 

mm/s; b) 10 mm/s; c) 20 mm/s; d) 50 mm/s; e) 100 mm/s; f) 200 mm/s; g) 300 mm/s; h) 

800 mm/s. The image size in axial direction is 2.57 mm (measured in air). In lateral 

direction the image size has a speed dependency and is a) 0.25 mm; b) 0.5 mm; c) 1 mm; 

d) 2.5 mm; e) 5 mm; f) 10 mm; g) 15 mm; h) 40 mm. 

In-line measurements 

The in-line measurements were performed with the same OCT system directly at the 

blown film extrusion line. Four exemplary OCT images are presented in Fig. 4. Panel a) 

shows two foils with an overall thickness of 100 µm each. No layers are visible within the 

foils. Panel b) depicts a single foil with an overall thickness of 100 µm, consisting of three 

different layers. The image in figure c) was obtained of a 200 µm thick foil consisting of 

three different layers. Panel d) depicts two 100 µm thick foils with four layers each. 

Thickness measurements were performed on all images and showed a good accuracy 

with the values derived from the microscale measurements on the materials before 

entering the blown film extrusion line.  



 

Figure 4: OCT cross-section images acquired in-line at the blow film extruder; a) double 

foil with a thickness of 100 µm each; b) single foil with a thickness of 100 µm consisting of 

three different layers; c) single foil with an overall thickness of 200 µm consisting of three 

different layers; d) double foil with 100 µm thickness each, consisting of four different 

layers.  

Summary and outlook 

In this work we showed the ability of high speed and high resolution optical coherence 

tomography as a tool for the in-line quality control of multilayered foils. The system was 

especially designed towards the needs of the production site and successfully tested 

under laboratorial conditions. Subsequently the in-line measurements were performed 

directly at the blown film extrusion line and provided high resolution images of the 

multilayered foils.  

Further tests will be performed to enhance the system performance towards a real 

in-line closed loop system. Video rate imaging has already been shown with OCT, allowing 

therefore a real time observation of the sample directly during the production process. 

Through a dedicated software analysis the technician has the possibility to react on 

variations or inhomogeneities in the thickness of the individual foil layers. Therefore, with 

such a feed-back loop it is possible to guarantee the highest quality of the product, to 

reduce cull, and hence to save resources.  
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