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Abstract: In this paper a new method is proposed to enhance the resolution of tomographical images of a full-field optical 

coherence tomography (OCT) system without improving the bandwidth of light source. Theoretic study and simulation 

indicate that the method improves the system resolution and quality of retrieved tomographic images for the multilayer in-

formation carrier. Experiment results are also given in support of the proposed method. 
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1. OCT SYSTEM FOR IMAGE RETRIEVAL FROM A 

MULTI-LAYER OBJECT 

 Optical coherence tomography (OCT) is a powerful im-
aging technology for producing high-resolution cross-
sectional images of the internal microstructure of materials 
and biological samples [1, 2]. OCT systems applied to image 
retrieval from multi-layer information carrier were reported 
in [3, 4]. The axial resolution of an OCT system is conven-
tionally defined by coherent length Lc, or coherence gate, of 
the light source. If the separation between two layers is 
within Lc, image retrieval from the interference pattern  
becomes extremely difficult for the conventional method. 

2. THREE-STEP PHASE SHIFT METHOD 

 Phase shift interferometry is known since three decades 
and many methods were proposed to improve the resolution 
and accuracy of the interferometry [5-8]. However, most of 
them are aimed to extract the phase information from the 
interference fringes obtained. OCT works in a different way. 
It targets on extracting the cross-sectional intensity image at 
each layer. The interference fringes presented have to be 
removed completely [3, 4]. 

 Suppose the object beam is consist of two beams, 
A1=O1exp(j 1) at the first layer and A2=O2exp(j 2) at the 
second layer. O1 and O2 are image patterns, and 1 and 2 
are phases for both layers. For a partial coherence light 
source, the contrast of the interference fringe by a layer is 
dependent on the location of the layer on the profile of inter-
ference signal, as shown in Fig. (1). Suppose the degrees of 
coherence of the first layer and the second layer with refer-
ence are C1 and C2, respectively, the interferogram between 
the object beam and reference beam can be expressed as, 

I = I0 + IM + 2O1 C1 cos( 1 ) + 2O2 C2 R cos( 2),         (1) 

where R is the amplitude of reference beam, I0 is a non-  
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coherent background image and IM is the mutual interference 
between two layers. It is noted that IM is unchanged when 
coherent gate is set on different positions and this term can 
be considered as a constant background. The phase differ-
ences 1 and 2 are variable with the setting of coherent gate. 

 To obtain the information from the layers, O1 and O2 
need to be solved from Equation (1). A three-step method to 
extract the image pattern from the interference pattern is 
developed. For simplification, the reference is supposed to 
be a uniform beam and R=1. In the first step, the coherent 
gate is set on the first layer of info chip, e.g., C1=1. 

 Three interferograms are then recorded as follow, 
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 Equation (2) is the same fringe pattern as Equation (3) 
except a phase shift of  /2 for the reference beam. Ib = I0 + 
IM, is just a non-interference background image which corre-
spond to the signal obtained from the reference mirror being 
blocked. 11 and 21 represent the phases of first layer and 
second layer respectively. From above equations, following 
expression can be derived as, 
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 is actually a solution 

for the first layer image when the second layer contribution 
to the interference signal is zero. 1= 11- 21 is the phase 
difference between two layers. 

 Then the coherent gate is moved to second layer such 
that C2=1 and another set of three images are captured as, 
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where 21 and 22 represent the phases of first layer and sec-
ond layer when coherent gate is on the second layer. Simi-
larly, an image pattern for the second layer can be derived as, 
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 is a solution for the 

second layer image when the first layer contribution to the 
interference signal is zero. For a partial coherent source, the 
envelop of the interference signal shown in Fig. (1) is sym-
metrical around its peak position. Therefore coefficients of 
coherence in two steps should be the same, e.g. C1= C2=C. 

 In third step, the coherent gate is set between layer 1 and 
layer 2, so that the two layers have the same degree of coher-
ence and their fringes have the same contrast. Then, A simi-
larly equation can be derived as, 
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. Obviously, 1= 2= 

3 if the reference keep uniform phase in all the three steps, 
and this condition can be easily met in experiment. From 
Equation (5), (9) and (10), the image patterns of both layers 
can be solved as, 
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 The above equations give a simple solution for the im-
ages on two layers. These solutions indicate that the knowl-
edge for the values of C and C3 are very important for this 

algorithm. These values are dependent on setting of the co-
herent gate and separation between layers. In practical, the 
initial values of these parameters should be obtained experi-
mentally and accurate values are then obtained through an 
iteration process for best image quality. 

3. SIMULATION AND EXPERIMENT AND RESULTS 

 The three-step method provides an approach to improve 
the axial resolution for the OCT system. To prove the effi-
ciency of the method, a simple simulation is conducted and 
the results are given in Fig. (2). The first layer image is a 
word of “OCT” and second layer one is a word “NRC”. 
Separation between the layers is 20μm. The values of coher-
ent coefficient C and C3 is set to be 0.6 and 0.88, respec-
tively. Those numbers are obtained experimentally through 
some iteration to minimize the fringe contrast in final image. 
Fig. (2a, b) are retrieved images by a conventional algo-
rithm. The two images show strong ghost images from other 
layers and a parasite fringes. Fig. (2c, d) give retrieved im-
ages using the new proposed three-step method. Both ghost 
images from other layers and parasite fringes are eliminated. 

 The experimental setup is based on a full-field OCT sys-
tem (Fig. 3). It is a Michelson interferometer integrated with 
computer controlled motion-vision system. The output of the 
superluminescent laser diode (SLD) is collimated by lens 
LS1, and then divided into the reference and sample arms by 
a non-polarized BS. A neutral density filter (NDF) is used to 
adjust the intensity of the reference beam reflected from the 
reference mirror (RM). Lens LS2 images the info-chip on the 
CCD camera. The least thickness of each layer that can be 
resolved, Lc, is determined by the central wavelength  and 
spectrum width  of SLD used: Lc = 0.44 

2
 /  . In our 

system, as  and  are 830 nm, 15 nm, respectively, the 
depth resolution is 20 μm. The lateral resolution of an OCT 
device is basically determined by the lens LS2 and  resolution  

 

Fig. (1). Intensity variation of interference signal with axial position shift. 
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Fig. (2). Simulation results of three-step method. (a, b): restored image with conventional method; (c, d): restored images with three-step 

method. 

 

Fig. (3). Full-field OCT system used in the experiment. 
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of CCD camera. In our experimental setup, the viewing area 
of the sample is 20 mm by 20 mm and the CCD has a resolu-
tion of 1024 x 1024 pixels, the lateral resolution of the sys-
tem is then 20 μm. The differences of phase and reflective 
index between the ink and surface of the layer make the 2D 
information distinguishable. The sample to be tested is a 
two-glass plate with coated text patterns on. The coated sur-
face has a 15 mm by 15 mm area and is air-gapped by about 
20 μm. The OCT system was first characterized by using a 
mirror to obtain contrast variation of interference fringe with 
axial shift. From this figure, the initial values of C and C3 are 
determined. Fig. (4) is the tomographic images restored by 
conventional method. It can be seen the ghost image from 
other layer is added on the interest images, as predicated in 
theory. Fig. (4a, b) show the tomographic images retrieved 
by proposed algorithm with C=0.1 and C3=0.55. Let the 
resolution corresponding to C and C3 be Z1 and Z2, respec-
tively, and the coherence gate has a Gaussian distribution, it 
is easy to find that (Z1-Z2) / Z2 = 0.574, i.e., the axial resolu-
tion has been improved about 57%. In this experiment, the 
depth resolution is enhanced from 20 μm to 11.4 μm. 

4. CONCLUSION AND DISCUSSION 

 For conventional OCT system, to achieve the higher axial 
resolution, a broader band light sources has to be used. Cur-
rently, the bandwidth of the OCT light source is less than 
100 nm. With the new method presented in this paper we can 
achieve a relatively high resolution without limited by the 
bandwidth or coherence length of the light source. This is 
particularly useful to the full-filed OCT systems with artifi-
cial multiple-layer samples whose material and thickness can 

be carefully selected. Both theoretical simulation and ex-
periment verification proved the efficiency of the method. 
Although the theoretical deduction and experimental verifi-
cation were conducted based on a two-layer info chip, it is 
not limited to two-layer information retrieval. The principle 
could be expanded to multilayer samples or even other type 
of full-field OCT system to improve the resolution and qual-
ity of tomographic images. 

 However, there are some drawbacks for the proposed 
three steps method. Firstly, this method is specifically de-
signed for the applications associated with multilayer paral-
lel structures. As for the bio-sample, it may still need further 
improvement and modification. Another one is the higher 
requirement for the motion control system. Particularly, 
when the system has relatively higher depth resolution, for 
example 5 μm, the mechanical control becomes more accu-
rate, which increases the cost of the system and also reduces 
the speed of processing time. In addition, this method is 
based on a time-domain OCT system, it can not be applied to 
the Fourier-domain OCT, where no motion part is needed. 
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Fig. (4). Experimental results of three-step method. (a, b): restored image with conventional method. (c, d): restored images with three-step 

method. These images have a physical size of 15 mm by 15 mm. 
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