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Abstract—Ceramics production is looking for a fast, reliable and  

non-destructive method that can be implemented on site for defect 

detection and analysis. In this paper we present polarization-sensitive 
optical coherence tomography (PS-OCT) as a method for defect 

inspection. The proposed extensions to standard OCT provide additional 

information for complete characterization of a tested object. We 
compare OCT and microscope imaging that can easily detect enamel 

layer defects. The object under test is a sample ceramic plate with 

several defects occurring in production process. The results of OCT 
imaging show those defects are only in the enamel layer without any 

effect on the potsherd layer.  

 

 

In ceramic tableware production there is a great need for 

creating uniform and high quality products. Maintaining 

such quality is difficult if occurring defects are not 

diagnosed correctly. The most useful methods are based 

on visual observation of the ceramics surface. They 

provide enough information to assess the quality of the 

end product, however, the defects which are under the 

cover layer are mostly left out. The main problems are 

occurring ceramic layer gaps and ceramics 

inhomogeneity, which are of greatest concern. These 

issues might have a significant influence on products 

future strength in normal use. Moreover, some of these 

defects come from the components of the potsherd at the 

beginning of the manufacturing process. Very often they 

become the cause of surface defects, the reason of which 

the end products must be rejected. Therefore, a fast, 

reliable and effective method for subsurface defect and 

unwanted inclusion detection would improve the quality 

of finished ceramic products and reduce the cost of their 

manufacturing. To address this problem, we propose the 

usage of optical coherence tomography (OCT) with 

additional polarization state detection (PS-OCT) [1-2]. 

OCT has many implementations for medical diagnosis 

and for technical object inspection [3-8]. It was used with 

great success to analyse a wide range of technical objects 

due to its high resolution and possibility of subsurface 

imaging [9]. Various researches were also performed on 

OCT application for ceramics and composite materials 

quality assessment [2, 10-14].    
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One of the most valuable features of OCT is that it is a 

non-destructive, non-contact and non-invasive imaging 

method that gives tomographic images of inner structure 

[15]. In order to obtain such images, OCT uses white light 

interferometry, which allows to gather depth related 

information from scattering objects inner structure. 

Standard realization of OCT gives intensity images, 

which express information about the intensity of the 

backscattered light from the tested device. It means that 

by the use of a standard OCT system one can observe 

high and low scattering areas which introduce intensity 

changes in the tomographic image. Polarization state 

information about backscattered light can be also helpful 

in detecting full defects and their characterization. In the 

future an additional spectroscopic analysis will be used to 

characterize ceramic layer interruptions better [16].  

In this paper, on a sample plate we demonstrate the 

usefulness of PS-OCT for the analysis of defects in 

ceramic layers. The number of different types of defects, 

which mainly occur in ceramics, were presented and OCT 

measurements have been shown. 

 

As a device under test, a white ceramic plate with 

several defects in its ceramic layers has been chosen. 

These defects were made during the manufacturing 

process and can be seen as small spots, pits. On the whole 

surface, there are two major groups with defects that have 

been taken into consideration. The ceramics, also called 

potsherd, is covered by a transparent enamel layer. One of 

the very important issues is defect localization. Standard 

microscope tools and OCT system were used to find out 

on which layer, potsherd or enamel, the defect occurs. 

 

PS-OCT system (see Fig. 1), which was applied for the 

investigation, works with a central wavelength of 1320 

nm and a spectral range of 120nm. It corresponds to an 

axial resolution of 12µm and lateral resolution of 15μm. 

The system allows to analyse the polarization state of the 

light backscattered from the examined object. The object 

is illuminated by circularly polarized light (right-handed) 

and the detection is separated for two orthogonal states of 

circular light polarization: right- and left-handed. The 
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polarization of the detected light is visualized as a 

"retardation angle" defined as [14]: 

arctan ,
RH

LH

I

I
   

where IRH and ILH are the intensities of light with right- 

and left-handed polarizations accordingly. 

With the aid of this system, we can visualize the inner 

structure of enamel layer interruptions and, in addition, 

we can gather retardation angle information. This system 

is equipped with dedicated software that allows OCT 

intensity measurements and polarization sensitive analysis 

to be visualized together in the same OCT image.  

 

 

Fig. 1. PS-OCT system scheme (PC – polarization control, FC – fiber 

coupler, PFC – polarization fiber coupler, PMF – polarization 
maintaining fiber, D1H – detector 1, horizontal polarization, D1V – 

detector 1, vertical polarization, REF – reference arm). 

As a reference measurement, we have used an NJF-

120A metallurgical microscope that allowed to localize 

and estimate the size and shape of defects. Images were 

taken with a magnification of 64.  

 

 

Two defects from separate parts of the plate were 

compared in order to identify the type of occurring 

inhomogeneities in the ceramic layer. Firstly, to localize 

and identify defects, we used a metallurgical microscope 

(Figs. 2 and 3). 

 

Fig. 2. Microscope image of defected area from a first point of interest 

(0.21 mm size of defect). 

 

Fig. 3. Microscope image of defect from a second area of interest (0.17 

mm size of defect). 

The application of the microscope allowed to evaluate 

the size and shape of inhomogeneities and observe them 

at the enamel level. For better inspection of the defected 

area, complementary measurements based on the OCT 

technique were carried out. In order to measure the depth 

and exact size of defects, OCT has been used (Fig. 4). 

   

The depth was measured from the top of the enamel 

layer to the potsherd layer. For both defects the diameter 

was measured at their half height. The results are as 

shown in Table 1.  
 

Table 1. Diameter and height of defects measured with OCT. 

 Defect a) Defect b) 

Diameter [mm] 0.93 0.59 

Depth [mm] 0.08 0.04 
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Fig. 4. Cross-sectional images of the defects; a) OCT image taken for 
defect 1 (Fig. 2 – microscope image), b) OCT image taken for defect 2 

(Fig. 3 – microscope image). 

 

In this work, we have presented the problem of 

non-destructive inspection of defects occurring in ceramic 

tableware. The first type of measurements (microscope 

and eye inspection) is capable of giving information about 

the shape of a defect. It can be easily used  to localize 

defects. However, this method suffers from an inability to 

localize the defective layer and determine quantitative 

parameters. Moreover, by using the visual inspection and 

microscope measurements it is difficult to determine the 

character and type of the defects, as well as their 

localization inside the enamel or potsherd layer. This 

problem requires the usage of tomographic imaging 

techniques such as OCT, which allows to see under the 

surface of enamel and gives additional information about 

the defect. OCT, which was used as a main research 

method, clearly shows that defects occur only in the 

enamel layer without any visual effect on the potsherd 

layer. According to OCT measurements, the enamel layer 

vanishes in the defected area. For evaluating the potsherd 

layer, polarization analysis is very useful due to random 

retardation angle changes from a homogenous potsherd 

layer and constant retardation angle changes for an 

enamel layer. This allows to identify if there are any 

inclusions in the potsherd layer that may lead to any 

future defects. That kind of information can correspond to 

inventing new methods of production supervision that 

will eliminate any type of defects. In addition, OCT 

measurements can easily be automated and implemented 

in current production lines giving on site evaluation of the 

production process. 

 

In conclusion, the research work presented in this paper 

shows that with an application of OCT and additional 

retardation angle analysis one can detect and identify 

defects occurring in ceramics. The tested piece of 

tableware had several inhomogeneities in its enamel 

layer, which have been successfully detected and 

measured (Fig. 4). In addition, the results show that those 

defects affected only the enamel layer without any 

changes in the potsherd. Further analysis of ceramics will 

be conducted and spectroscopic analysis will be used to 

identify the defects of a potsherd. 
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