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Abstract: In single input state polarization-sensitive optical coherence tomography (PS-OCT) 
with high resolution, the imperfections of quarter-wave plate (QWP) and the sensitivity roll-
off mismatch between the two detection channels cause unpredictable polarization distortion. 
We present a correction method based on the Jones matrix modeling of the system. In a single 
input PS-OCT system working at 840 nm with an axial resolution of ~2.3 μm, the method 
yielded better estimation of retardation and optic axis orientation with significantly reduced 
noise level, especially in weakly birefringent samples. Numerical simulations and quantitative 
imaging of a sample of known birefringence were performed to validate the performance. We 
further demonstrate the advantages of our approach with birefringence imaging of swine 
retina, rat aortic wall, and rat esophageal mucosa for potential clinical applications. 

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction 

Optical coherence tomography (OCT) [1], as a non-invasive cross-sectional imaging method, 
has been applied in many fields such as ophthalmology [2,3], cardiology [4,5] and 
dermatology [6]. Although OCT can provide histomorphometric images of a sample by 
detecting the refractive index inhomogeneities, it could not discriminate tissues of different 
properties. To enable functional imaging, polarization-sensitive OCT has been developed to 
reveal depth-resolved birefringence information of tissue [7]. The polarization state of light 
changes while propagating in birefringent tissue, such as the aorta, cornea, airway muscle, 
retinal nerve fiber layer, and retinal pigment epithelium (RPE) [8]. In a simplified model 
neglecting depolarization, polarized light is decomposed into orthogonally vibrating 
components traveling at different group velocities after entering a birefringent sample. One 
component is thus retarded with respect to the other one depending on the magnitude of 
birefringence of the medium. Another phenomenon in some materials is diattenuation which 
seems to be negligible in biological tissue studied so far [9,10]. Polarization properties 
including retardation [7,11], optic axis orientation [12,13] and depolarization [14] can be 
extracted by analyzing the backscattered light from the sample by PS-OCT. 

Single input polarization state PS-OCT has been favored due to the simplicity in 
comparison with its two inputs counterpart. It illuminates the sample with circularly polarized 
light and detects the back-scattered light with polarization diverse detection [7,15–17] 
Assuming the optic axis was constant, the accumulative birefringence could be extracted by 
one-shot measurement. Afterward, ultra-high-resolution OCT has demonstrated its great 
potential in revealing more details [2,5], compared to the conventional OCT. Single input PS-
OCT with high resolution has been widely used in ophthalmology [3,18–21], dermatology 
[22–24], brain micro-tractography [25], etc. Meanwhile, there are a lot of technical 
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publications dealing with dispersion compensation essential for ultra-high resolution [26–28], 
spectrometers alignment for birefringence artifacts removal [18,29,30], ghost images 
elimination in polarization-maintaining fiber-based system [15,31]. There are a few 
publications discussing the polarization distortions in two input PS-OCT (or PS-OFDI). 
Zhang et al. compensated polarization mode dispersion (PMD) caused by circulator and 
optical fiber with three calibration signals [32]. Braaf et al. modeled the whole system using 
the Jones calculus and compensated polarization distortion with two calibration signals from 
the sample data [33]. Yamanari et al. compensated the distortion with the signal from the 
surface of the sample using k-dependence correction [34]. Villiger et al. conceived the 
spectral binning method to mitigate the PMD effect [35] and obtained reliable optical axis 
orientation through Jones matrix symmetrization and catheter modeling [36]. Yet few discuss 
the polarization distortion caused by the polarizing components in the system operating under 
a broad bandwidth. 

In the current single input polarization state PS-OCT systems, the polarization state 
manipulation of the illumination light is achieved by quarter-wave plates (QWPs) or single-
mode fiber (SMF) [7,15,16,37]. Ideally, a QWP oriented at 45° in the sample arm provides 
circularly polarized illumination, and a QWP oriented at 22.5° in the reference arm provides 
45° linearly polarized reference light after double pass. This mechanism works well when the 
operating spectral bandwidth is not so broad that the retardance induced by the QWP is 
uniform over the whole spectrum. However, if the operating spectral bandwidth becomes so 
broad that the chromatic variations in the retardation induced by the QWP or SMF are no 
longer negligible. Take a commercially available achromatic QWP (AQWP10M-980, 
Thorlabs Inc.) as an example, the mean value and standard deviation of the induced 
retardance within the spectral band of 760-920 nm for single pass are 93° and 0.25°, 
respectively, making the illumination light deviated from the circular polarization state, and 
the double pass through the QWP amplifies the defects in the current setup configuration 
[38]. Moreover, in the spectrometer-based polarization diverse detection, the mismatch in the 
sensitivity roll-off between the two spectrometers also leads to polarization distortions. These 
polarization distortions become salient when the sample birefringence is weak. 

In this work, we introduced a Jones matrix model of a single input PS-OCT system, 
considering the polarization distortions induced by the wavelength-dependent retardance of 
QWP and the sensitivity roll-off mismatch between the two spectrometers over a broad 
bandwidth. Based on the model, a correction method has been developed to tackle these 
distortions. Numerically, we investigated the impact of the polarization distortion caused by 
the QWP on scattering samples at different birefringence scale and validated the correction 
method. Furthermore, a sample with known birefringence was imaged to demonstrate the 
performance of the correction. Lastly, we imaged animal tissues such as swine retina and rat 
esophagus ex vivo to demonstrate potential clinical applications. 

2. System description and calibration 

2.1. System description 

The modeling and correction were based on a spectral domain PS-OCT system. The output of 
a super-continuum light source (SCL: SC-5OEM, YSL Photonics) was clipped by a dichroic 
mirror (DMSP950 Thorlabs Inc., not shown in Fig. 1) and collimated into the fiber coupler 
(90/10, TW850R2A2, Thorlabs Inc.). The input light was transformed into a circularly 
polarized light using a linear polarizer (P1: LPNIRE100-B, Thorlabs Inc.) and a QWP 
(AQWP10M-980, Thorlabs Inc.) before being split into the sample and reference arms by a 
non-polarizing beam splitter (50/50, BS014, Thorlabs Inc.). Another linear polarizer (P2) in 
the reference arm was used to produce reference light with identical amplitude and phase on 
the two spectrometers. The dispersion caused by polarizer P2 was balanced by a compensator 
(DC) made of polarization independent BK7 glass in the sample arm. In the detection arm, a 
half-wave plate (HWP: AHWP10M-980, Thorlabs Inc.) was employed to align the 
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4. Install the QWP in the input arm (between polarizer P1 and the BS) and rotate the 
QWP at angle 45° with respect to the transmission axis of polarizer P1, when the 
power at PM port reaches its minimum. This step ensures a circularly polarized 
illumination light. 

5. Unblock the reference light and rotate polarizer P2 to balance the amplitude of 
interference fringes between the two spectrometers. 

2.3. K-space linearization and spectral alignment 

To remap the fringe into evenly sampled k-space [29], took the advantage of the perfect 
sinusoidal modulation in the fringe resulting from additional reference reflectors. In our 
experiment, we used a similar method that used a reflector as the sample and numerically 
calibrate the system, without using additional reflection signals (the linearization process is 
illustrated in Fig. 1) [27]. Briefly speaking, the compensation is based on the fact that the 
interference fringes generated with a specular sample are ideally sinusoidal. Note that we 
added a polarizer between the beamsplitter and HWP to make sure the interference fringes 
captured by the two spectrometers were in-phase, which was removed after the calibration 
was completed. These interference fringes recorded for dispersion compensation were also 
used in the next step, namely the spectral alignment. 

After the interference fringes were linearly resampled in k-space respectively, we aligned 
the index of wavenumber between spectra of the two spectrometers. We modeled the 
relationship of the wavenumber indices between the spectra from the two spectrometers as a 
linear function 2 1k a k b= ⋅ + , where 1k , 2k  stands for wavenumber indices of the two 

spectra, respectively, a  and b  are the stretching coefficient and the k-space shift, 
respectively. If the two fringes are well aligned, the stretching factor a should be equal to 1, 
corresponding to the aligned peaks position in the depth z  domain. According to scaling 
properties of Fourier transform, the effects of stretching coefficient a on the wavenumber 
domain and the Fourier transformed depth domain can be revealed by Eq. (1) where I  is the 
spectrum, k  is the wavenumber, FT stands for the Fourier transform, Γ  is the depth profile, 
and z  is the depth in the sample. 

 ( )( ) 1 1k z
FT I a k FT I

a a a a
    ⋅ = = Γ        

 (1) 

Figures 1(f)-1(h) shows the procedures to determine coefficients a  and b for spectral 
alignment. The stretching coefficient a  could be determined via the linear regression on the 
peaks’ position of the PSFs of the two channels. (shown in Figs. 1(f)-1(g)). In the plot of 
cross-correlation between the interference fringes of the two channels against k-space shift b, 
the point at which all cross-correlation functions from different optical path-length 
differences (OPD) reach their maximum simultaneously reveals the optimal amount of pixel 
shift b (shown in Figs. 1(h)). 

3. Jones matrix model of polarization distortion calibration 

3.1. Jones matrix modeling of the detected signals 

Following the model Braaf et al. used in [33], we modeled the system transmission and 
detected signal using the Jones calculus. In single input PS-OCT, the signal intensity 

( ) ( ) ( ) T
I ,k I k I k⊥ =  


 of a single scattering sample detected by two orthogonal polarization 

channels can be expressed as a function in terms of wavenumber k . 
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( )
( )

ref ref sam sam ref sam sam ref

ref ref sam sam ref sam sam ref

I k E E E E E E E E

I k E E E E E E E E

∗ ∗ ∗ ∗
⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥

∗ ∗ ∗ ∗

        
= + + +        
                        

 (2) 

where 
T

ref ref refE E E⊥ =  


, 
T

sam sam samE E E⊥ =  


 represent the Jones vectors of the light 

returned from the reference arm and sample arm, respectively. Subscript ⊥  and   denote the 

vertical and horizontal detection channel, respectively. Superscript *  represents complex 
conjugate, and superscript T  denotes matrix transpose. 

In practice, the DC term 
T* *

ref ref ref refE E E E⊥ ⊥     and 
T* *

sam sam sam samE E E E⊥ ⊥     are 

subtracted as the background. The complex electrical field interference vector could be 
obtained by Hilbert transform ( ) as follows. 

 ( ) ( ) ( )( )ref sam ref samE I Ik E E E E k i k
Τ∗ ∗

⊥ ⊥ = = + ⋅  

  
  (3) 

Usually, the polarization dependent attenuation can be ignored, so the attenuation factors 
regarding the optical loss and sample reflectivity can be simply described as scalars ref ( )c k  

and sam ( )c k . The optical path length traveled from the reference reflector and the sample back 

to the spectrometer were refz , samz , respectively. The reference signal detected on the 

spectrometer can be expressed as: 

 ( ) ( )
( ) ( ) ( ) ( ) ref

2

ref in ref
2

1
cos sin 20 2E E

0 1
sin 2 sin

2

ikzk
k k c k S k e

k

φ φη
η φ φ

⊥

 
  

= ⋅ ⋅ ⋅ ⋅ ⋅  
  
  



 
 (4) 

where ( )kη⊥ , ( )kη  are the quantum efficiency of vertical and horizontal polarization 

channels, respectively, φ  is the polarizer orientation with respect to the horizontal direction, 

and ( )S k  defines source power spectral density. 
T( )( ) 1 i k

inE k e Ψ =  


 is the Jones vector 

defining the input polarization state after the QWP. For an ideal QWP, Ψ  should be equal to 
/ 2π  over the spectrum, but in practice k-dependent deviation of Ψ  from / 2π  should be 

considered. The detected sample arm signal can be expressed as Eq. (5). 

 ( ) ( )
( ) ( ) ( ) ( ) ( ) sam

sam insam sam

0
E E

0
ikzk

k k k c k S k e
k

η
η

⊥ 
= ⋅ ⋅ ⋅ ⋅ ⋅ 
 

J


 
 (5) 

Combining Eq. (2)-(5), the complex electrical field E( )k


 could be described in Eq. (6) as 

the product of the input electrical field, a diagonal matrix which depicts the overall effects of 
the reference and the spectrometers’ efficiency, and a Jones transmission matrix of the sample 
which is the objective of measurement. Note that sam refz z zΔ = Δ − Δ  is the OPD between the 

sample arm and reference arm. For simplicity, ( )R k⊥  and ( )R k  represent the combined 

effects of quantum efficiency ( )kη⊥ , ( )kη , and orientation of polarizer on the orthogonal 

polarization channels. To simplify the analysis, we omit the power spectral density S(k). 

 ( ) ( )
( )

( )
( ) insam

0
E E

0
ik zE k R k

k e
E k R k

⊥ ⊥ Δ   
= = ⋅ ⋅ ⋅   
   

J
 

 
 (6) 

In practice, the OPD dependent roll-offs of the two custom-made spectrometers might be 
different due to slight mismatch in the collimation or focal length of the camera lens. 
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Therefore, the actual electrical field E( )k


 should consider another diagonal matrix for the 

roll-off effect. In summary, for the single input state PS-OCT, the detected complex electrical 
field is shown in Eq. (7) where ( )zβ Δ  is the spectrometer roll-off coefficient. 

 ( ) ( )
( )

( )
( ) insam

0
E E

0
ik zE k R z

k e
E k R z

β
β

⊥ ⊥ ⊥ Δ   ⋅ Δ 
= = ⋅ ⋅ ⋅   ⋅ Δ   

J
  

 
 (7) 

3.2. Polarization distortion calibration 

Following the above modeling, the polarization distortion consists of two parts: the phase 
distortion mainly caused by the imperfection of QWP, and the roll-off difference between two 
orthogonal polarization channels. In this section, we calibrated the detected phase Ψ(k) to be 
π/2 independent of k with a static mirror as the sample. The unbalanced roll-off coefficient 

( )zβ⊥ Δ , ( )zβ Δ  which depended on zΔ  was compensated using the interferograms obtained 

with different OPD. The electrical field detected from a specular surface can be expressed by 
Eq. (8), in which we assume that the k-dependent R⊥  and R  can be negligible because the 

spectral responses of the two cameras generally are the same. Therefore, the overall response 
difference was compensated by a vector factor indexed in the depth domain. 

 ( ) ( )
( )

( )
( ) ( )surf

10 1
E

0 2
ik z

i k

E k R z
k e

E k R z e

β
β

⊥ ⊥ ⊥ Δ
Ψ

    ⋅ Δ 
= = ⋅ ⋅ ⋅    ⋅ Δ       


 (8) 

The detected phase was compensated to the theoretical value by adding the offset point to 
point (Fig. 2(a)). At the same time, the amplitude roll-off ratio curve was fitted at a series of 
the reference mirror positions within 0.8 mm from the DC (Fig. 2(b)). Hence, the amplitude 
response of the two detection channels can be calibrated to be identical. To validate the 
polarization distortion calibration, we transformed the detected Jones vectors recorded with a 
specular sample and different reference mirror positions into Stokes vectors and plotted them 
on the Poincare sphere. The reference mirror was moved by a step of 100 µm over a series 
OPDs to 1200 µm. After polarization distortion correction, all the polarization states gathered 

around [ ]T
0 0 1 , while the uncorrected spread out into an irregular line and deviates from 

[ ]T
0 0 1  (Fig. 2(c)), which demonstrates that the illumination polarization states were 

calibrated to be circular polarization at all depths. 
We further validated our system performance by measuring the transmission axis of a 

linear polarizer (LPNIRE100-B, Thorlabs Inc.), and the retardation of a QWP (AQWP10M-
980, Thorlabs Inc.). The retardation and optic axis reasoning are introduced in the next 
section. First, a linear polarizer was inserted in the sample arm and rotated by 10 degrees for 
each measurement. The measured transmission axis orientation of the linear polarizer is 
shown in Fig. 2(d). Then, the polarizer was replaced by a QWP, and the above rotation steps 
were repeated. The method to retrieve the retardation of the QWP is explicitly explained in 
section 4. The double-pass cumulative retardance of the QWP with different optic axis 
orientations is shown in Fig. 2(e). The average and standard deviation of the measured 
cumulative retardation of the QWP were 171.48° and 5.48°, respectively. These results 
agreed well with the theoretical expectations, indicating the high reliability of the calibrated 
system. 

                                                                                              Vol. 27, No. 5 | 4 Mar 2019 | OPTICS EXPRESS 6915 



Fig. 2
QWP
obtain
PSF p
polari
(blue 
asteris
measu
retard

4. Extractio

4.1. Jones m

For non-depo
1− ⋅ ⋅J = R D P

sample with R
retardation m

and retardatio

considered to
of QWP so th

 saJ

When the 
complex field

 

After the
transformed s
The depth-re

retardance be

the light sourc

2. Polarization dis
. (a). Measured ph
ned by point to poi
peak ratios betw
ization states from

points) distortion
sk points are the
urements, and the
dation of QWP whe

n of sample 

matrix modelin

olarizing tissu

⋅P R , where R

[cosθ −R =
matrix, respectiv

on matrix can

o be linearly d
hat the sample J

1
am

−= ⋅ ⋅R P R

system is wel
d (Eq. (8)) can b

E


e Fourier tran
sample Jones m
esolved inform

etween ordinary

ce). 

stortion compensa
hase difference ve
int subtraction bet

ween two spectrom
m the sample mirror
n correction. (d). 
e measured data, 
e red dashed lin
en placed at differ

polarization 

ng of accumul

es, the Jones 

R  is a rotation 

] [sin , sinθ θ−
vely [10]. Diat

n be expressed

ependent on k
Jones matrix ca

(
/ 2 2

/ 2

cosi

i i

e

e e

δ

δ δ

θ
−


=
 −

ll calibrated fo
be rewritten as

( ) ( )E k R z=


nsform, depth
matrix with a d
mation is sho

y and extraord

ation process and 
ersus the k-space in
tween the measure
meters at differen
r with a series of O
The measured o
the blue line is

ne is the theoreti
rent orientations. 

parameters

lative birefring

matrix of the

matrix definin

] T
cosθ −  , an

ttenuation in b

d as ie δP =

k  considering t
an be written a

)
/ 2 2

/ 2

sin

cos sin

ie δ

δ

θ θ

θ θ

−+

ollowing the pr
s 

[sam

1
J 1

2
⋅ ⋅ ⋅

 information 
delta function w
own in Eq. (

dinary beams, 

measurement of 
index, the compen
ed values and theo
nt imaging depth
OPDs, with (red p
orientation of line
s the linear-least-
ical relation. (e). 

gence measu

e sample J  c

ng the optic ax

nd D , P  are d

biological tissu

0 , 0 ie δ−    
the wavelength

as Eq. (9) [38].

( )/ 2 / 2

/2 2cos

i i

i

e e

e

δ δ

δ θ

−

−

−

+

rocedures desc

] 2i k zi e
Τ − ⋅ ⋅Δ⋅

could be th
which defines t
(11), where δ
and 0k  is the 

a polarizer and a
nsated values were
oretical values. (b)
hs. (c). Measured
oints) and without

ear polarizer. The
-square fit of the

Measured phase

urement 

can be decom

xis orientation 

diattenuation m

ue is usually n
T
  where δ  

th-dependent re
 

)
/ 2 2

cos sin

sinie δ

θ θ

θ



+ 

 

cribed above, m

he convolution
the depth-displ

0( )z n k zδ = Δ ⋅ ⋅
center wavenu

 

a 
e 
. 
d 
t 
e 
e 
e 

mposed as 

θ  of the 

matrix and 

negligible, 

could be 

etardance 

(9) 

measured 

(10) 

n of the 
lacement. 
z  is the 

umber of 

                                                                                              Vol. 27, No. 5 | 4 Mar 2019 | OPTICS EXPRESS 6916 



 
( )
( )

( ) ( ) ( ) ( )( ) ( ) ( )( )
( ) ( )( ) ( ) ( )( ) ( )( )

cos sin sin 2 sin cos 2

2 sin cos 2 sin sin 2 cos
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δ δ θ δ θ

δ θ δ θ δ
⊥

 − ⋅ + ⋅ ⋅ 
 = ⋅ 
 ⋅ + ⋅ ⋅ +   

(11) 

Furthermore, after we convert the Jones vector into the Stokes vector, a more simplified 
version of the depth-resolved information is shown as Eq. (12), where ΔΦ  is the phase 
difference between the two orthogonal polarization channels. 
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The intensity depth profile, retardation, optic axis, and DOPU could be calculated by Eq. 
(13). Of note, we used full Stokes averaging to reject speckle noise [8,35,39]. Compared with 
other complex averaging methods [40,41], Stokes averaging is more intuitive and 
coincidently makes retardation and optic axis calculation in the designed model more concise. 
In this paper, a 3D Gaussian kernel including pixels within 40 µm is defined for the Stokes 
averaging. Namely, the resolution of accumulative retardation and optic axis measurement in 
this paper is 40 µm. 
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5. Results 

5.1. Simulations 

To evaluate the influence of QWP’s wavelength-dependent retardance (AQWP10M-980, 
Thorlabs Inc.) on the measurement of retardation and optic axis, we simulated a phantom with 
two scattering layers. Meanwhile, we demonstrated the performance of the correction method 
for correcting the imperfection of QWP. The first layer has homogeneous retardation and 
optic axis orientation, while the second layer is a non-birefringent scattering sample. The 
thickness of each layer is 280 μm. To compare the performance of the correction method 
under different amount of birefringence, we performed the simulation twice and set the 
retardance of the first layer to be 0.15 rad and 1.5 rad, respectively. Gaussian noise 
corresponding to average signal-to-noise ratio (SNR) of 20 dB was added to the 
interferogram. The simulated bandwidth was set to be consistent with the actual system (760-
920 nm). In the simulation, the wavelength-dependent birefringence properties of the QWP 
was set based on the data provided by the manufacturer (Thorlabs Inc.) and other optical 
elements were assumed ideal. The retardation and optic axis reasoning were performed 
according to the description in section 3. The area chosen for analysis was the second non-
birefringent layer. The width of lateral and axial averaging kernel with Gaussian shape were 
10 A-lines and 16 μm, respectively. The area of interest (AOI) was chosen from the second 
non-birefringent layer, from depth 350 μm to 380 μm. For a comprehensive evaluation, each 
sample was imaged six times at different orientation. For each sample orientation angle, 5000 
points within the AOI were evaluated. 
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the eye, thus exposing the retina directly to the air. The scanned area centered at the optic 
nerve head and spanned to the macular area. Note that swine retina does not have fovea shape 
at the center of the macular area, which is different from that of human [44]. Figure 5(a) 
shows the cross-sectional intensity image of the retinal structure, where layer structures such 
as the retinal nerve fiber layer (RNFL) and the retinal pigment epithelium (RPE) can be 
clearly visualized. Figure 5(e) shows the DOPU contrast of retina. The low DOPU value at 
the RPE indicates strong depolarizing effects and can be used to differentiate RPE and 
choroid for the diagnosis of drusen [21,45]. Figure 5(b) shows that the accumulative 
retardation increases gradually along depth within the RNFL, especially on the right side of 
the image. The birefringence distribution in the retina is better visualized in Fig. 5(c) after 
differentiation on accumulative retardation image Fig. 5(b), from where highly birefringent 
RNFL can be easily distinguished. In contrast, in the uncorrected retardation images Fig. 5(g), 
the birefringence distribution does not accord well with the RNFL, especially in the area 
indicated by the white arrows. While in the uncorrected optic axis image, the change of the 
measured optic axis is more toneless than the corrected one, the difference will be more 
evident in the en face image shown in Fig. 6. 

Figure 6 shows a set of cross-sectional images and en face projections of the optic nerve 
head area of the swine retina, where the RNFL is much thicker than the macular area. The en 
face projections were obtained by averaging the corresponding results along depth within the 
RNFL. Fiber structures are clearly seen in the en face intensity projection in Fig. 6(f). The 
accumulative retardation at the lower boundary of RNFL is mapped as an en face image 
illustrated in Fig. 6(g). Figures 6(h)-6(i) demonstrate en face projections of optic axis with 
and without the polarization distortion calibration: the calibrated optic axis image (Fig. 6(i)) 
reveals the radial pattern of the nerve fiber orientation, while the uncorrected one (Fig. 6(h)) 
shows an indistinct pattern. 

 

Fig. 6. Birefringence imaging of swine retina near the optical nerve head. (a) Intensity image, 
scale bar: vertical 100 µm, horizontal 500 µm. (b) Accumulative retardation with polarization 
distortion correction. (c). Differential retardance with polarization distortion correction. (d) 
Accumulative optic axis image. (e) DOPU image. (f). Intensity projection, scale bar 400 um. 
(g) The en face projection accumulative retardation at the bottom of the retinal nerve fiber 
layer. (h). En face projection of optic axis without polarization distortion correction. (i). En 
face image of optic axis after polarization distortion correction 
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The light beam is manipulated to be circularly polarized before entering the beamsplitter, thus 
precluding the back-reflected and back-scattered light from passing QWP again, which 
provides a convenience for the calibration of the imperfection of QWP. In the reference arm, 
the QWP at 22.5° is replaced by a more economical linear polarizer at 45°. The requirement 
on the orientation of the linear polarizer is less strict than a QWP since a polarizer ensures 
identical phase inherently for the horizontal and vertical components of the reference light so 
that only the amplitude responses of the two detection channels needs compensation. 
Compared with the traditional single-input PS-OCT system, our customized system 
theoretically has lower polarization distortion caused by polarizing components. In the sample 
arm, the double pass through the imperfect QWP exacerbates the defect of wavelength-
dependent characterization. In the reference arm, double pass through the imperfect QWP 
cannot ensure identical reference light beam for the orthogonal polarization detections, 
especially the phase. These modifications also provide convenience in the correction of the 
polarization distortion induced by the roll-off difference of the two spectrometers. 

In conclusion, we introduced a single input PS-OCT system with high resolution and 
presented self-consistent fabrication and detailed calibration procedures. We investigated the 
effect of polarization distortion induced by the imperfection of QWP on the measurement of 
birefringence. And we developed a polarization distortion correction method based on the 
Jones matrix modeling of the PS-OCT system. Correspondingly, an algorithm for retardation, 
optic axis, and DOPU reasoning was formed. To demonstrate the performance of the 
polarization distortion correction method, we performed a numerical simulation. Moreover, 
images of the swine retina and rat esophagus demonstrated the capability of resolving the 
birefringence property of real tissues. 
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