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Abstract: This paper presents a method to calibrate alignment errors for a channeled
spectropolarimeter. A calibration model, including an alignment errors determination model
and an alignment errors compensation model, is derived firstly. To determine the exact
alignment errors of the high-order retarders and polarizer included in the spectropolarimeter,
an auxiliary high-order retarder and a reference beam are used. The auxiliary high-order
retarder does not affect the normal use of the spectropolarimeter and the polarization state of
the reference beam needs not to be controlled accurately. Based on the determination results,
the alignment errors are compensated by using a correction algorithm without any precise
mechanical adjustments. Simulation results show that the alignment errors can be determined
accurately and the errors of the reconstructed Stokes parameters due to the alignment errors
are reduced effectively by the presented method. Finally, experimental results are
summarized and analyzed to demonstrate the effectiveness of the calibration method.
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OCIS codes: (120.5410) Polarimetry; (120.6200) Spectrometers and spectroscopic instrumentation; (220.1140)
Alignment.
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1. Introduction

Spectropolarimetry quantifies the polarization state and spectral content of the light, which
plays an important role in many fields, such as remote sensing [1-3], biomedical optics [4,5],
and material characterization [6]. Several methods for polarization and spectral measurements
have been developed [7-9]. In these methods, Channeled spectropolarimetry, proposed by
Oka et al. [10] and Iannarilli et al. [11], is a more attractive approach. It can simultaneously
measure the spectra of the four Stokes parameters in a snapshot mode. Furthermore, this
method has a simple optical system and uses no mechanically movable components for
polarization control. On the basis of this snapshot concept, different types of
spectropolarimeters have been presented in recent publications [12—16].

In spite of the advantages, misalignments of the polarimetric spectral intensity modulation
(PSIM) module, which is the key component of the channeled spectropolarimeter, have
significant influences on the reconstructed Stokes parameters [17]. In addition, the
misalignments of the PSIM module, including two high-order retarders and a polarizer, are
inevitable in a practical application. Therefore, calibrating the alignment errors is a necessary
step when we use the channeled spectropolarimeter. Locke et al. [18] used a 3:1 ratio of
retarder thickness to qualitatively check the system alignment, which reduced the available
bandwidth at the same time. Mu et al. [17] used two linearly polarized beams oriented at
22.5° and 45° to calibrate the orientation errors of the fast axes of the high-order retarders.
However, they ignored the orientation error of the transmission axis of the polarizer used in
the spectropolarimeter. To the best of our knowledge, the problem of the misalignments of the
channeled spectropolarimeter cannot be well solved with the previous literatures.

To overcome this limitation, the paper presents a method to calibrate the alignment errors
for the channeled spectropolarimeter. We use an auxiliary high-order retarder and a reference
beam to determine the exact alignment errors. The auxiliary high-order retarder, removed
after determining the alignment errors, will not affect the normal use of the channeled
spectropolarimeter. For the reference beam, we need not to know its polarization state
accurately. We also develop an effective correction algorithm to compensate the alignment
errors based on the determination results. By the presented calibration method, the accuracy
of the reconstructed Stokes parameters can be improved obviously. In this paper, section 2
provides a brief review of the channeled spectropolarimetry. Section 3 derives a theoretical
model for calibrating the alignment errors. In sections 4 and 5, we summary and analyze our
simulation and experimental results, respectively. Conclusions are presented in section 6.

2. Principle of the channeled spectropolarimetry

We first briefly review the principle of the channeled spectropolarimetry. The optical
schematic of a channeled spectropolarimeter is depicted in Fig. 1. A polychromatic beam
passes through the PSIM module, i.e., the high-order retarders, R; and R, with thicknesses d,
and d,, and the polarizer, A, and then is launched into a spectrometer. The fast axes of R; and
R, intersect at an angle of 45°, and the transmission axis of A is aligned with the fast axis of
R, [10].
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Fig. 1. Schematic of a channeled spectropolarimeter.

The spectrum obtained by the spectrometer is expressed as

B(0)=(1/2)S,(0)+(1/4)|S,;(0)|cos{p,(0) — ¢,(0) +arg[ S, (0)]}
—(1/4)|S,5(0)|cos{g,(0) + ¢ (o) —arg[ Sy (o)} (1)
+(1/2)]8,(0)|cos {g, (0) +arg[ S, (0)]},

where S,,(0)=S,(0)+iS;(0), and S,(0),(k=0..3) denotes the Stokes parameter of the
incident target beam. ¢ is the wavenumber, arg means the operator to take the argument, and
¢ (o) and @,(0) are the phase retardations of R; and R,, respectively. Computing the

autocorrelation function of B(o) by the inverse Fourier transformation, seven channels

containing different Stokes components are obtained. If d; and d, are selected properly, the
seven channels are separated from one another over the # domain (where / is variable
conjugate to o under the Fourier transformation). The desired channels can be extracted by
using the frequency filtering technique and then performed Fourier transformations to
reconstruct the Stokes parameters of the incident target beam. Noteworthy is that this
reconstruction procedure is suitable only for a perfectly aligned spectropolarimeter. If the
orientations of the fast axes of R; and R, and the transmission axis of A deviate from their
ideal states, the errors of the obtained Stokes parameters will be introduced by using this
reconstruction model.

3. Derivation of calibration model

In this section, we derive a model for calibrating the alignment errors of the channeled
spectropolarimeter. A two-setup approach is adopted for the alignment errors calibration. The
first step involves determining the exact alignment errors, and the second step involves
compensating the alignment errors based on the determination results.

3.1 Alignment errors determination

We add an auxiliary high-order retarder in front of the PSIM module to quantify the
alignment errors of a channeled spectropolarimeter. The basic configuration for determining
the alignment errors is shown in Fig. 2. The high-order retarder Rz, with a thickness d;, is the
auxiliary component in determining the alignment errors. We use the slow axis of Rj as the x-
axis, the fast axis of R; as the y-axis and the optical axis as the z-axis to establish a right-
handed coordinate system. Theoretically, as described in section 2, the fast axes of R, and R,
are oriented at 0° and 45°, and the transmission axis of A is oriented at 0°, relative to the x-
axis, respectively. Realistically, alignment errors of the polarization elements are inevitably
introduced, and 6,, 6,, and ¢ indicate the alignment errors of R;, Ry, and A, respectively.
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To calibrate the alignment errors and measure the state of polarization of light accurately, the
thickness ratio of Ry, Ry, and R; is designed to be d: dp: d5=1: 2: 0.7.
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Fig. 2. Schematic of the configuration for determining the alignment errors of a channeled
spectropolarimeter. R; is marked with a dashed box means that it will be removed after
determining the alignment errors.

We firstly compute the Stokes vector of the reference light which passes through R; and
the PSIM module:

S (0) =M, (£)-My,[45°+6,,0;(0)]- My, [6,,¢{(0)]- M;[90°,¢(0)]-8°(0), (2)

where M,, M,;,, M;,, and M,, denote the Mueller matrices of A, R,, Ry, and R;,
respectively, and ¢;(0), ¢{(0), and ¢;(0) are the actual phase retardations of R,, R;, and

R1>

Rs, respectively. The spectrum obtained by the spectrometer is given by
B(o)= cos{p, (o) +arg[S/(0)]}

+(1/ 4T, |S/(0)| cos{p/(0) + ¢.(0) +arg S/ (0)]}

—(1/ 4T, [S/(0)| cos{g.(0) - ¢/(0) +arg[S(o)]}
cos{g.(0) - (o) +arg[S, (0)]}
cos{g.(0)+¢,(0) —arg[S., (0)]}
+(1/4) (4T, T, =T )|S.,(0)| cos{g(0) - ¢.(0) — arg[S., (0)]}
+ /8T, =T+ +T —T|

’
23

3

cos{g(0)+¢,(0) — ¢/(0)+arg[S,, (0)]}
—(1/8)(T 4T, 4T, =T +T =T )|S. (v)|cos{¢,(0)+¢/(0) - ¢/(0) — arg[S., (O)]},

where S,,(0)=S,(0)+iS;(0), and S,(0), (k=0..3) denotes the Stokes parameter of the

incident reference beam. @', (0)=270d ;An(0)+Ap,(0),(j =1,2,3), where An(0) is the

birefringence of the crystal. Ag, (o) denotes the additional phase retardation of R ; due to

external factors, and I',,(n =1...10) can be expressed as

{rl =p’d’f T,=adf T,=abd’f T,=bd’e T,=bd’ @

T,=bedf T,=bedf Ty=df T,=ad’f T, =bdf

where a=sin(26)), b=cos(26)), c=sin(26,), d=cos(26,), e=sin(2¢), and
f =cos(2¢). Because the alignment errors are typically small, a, ¢, and e can be regarded as
small quantities. Hence, when we deduce the expression for B’(c), we ignore the second
order small quantities such as a*, A, &, ac, ae, and ce.
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We can obtain the autocorrelation function of B’(0) by using the inverse Fourier

transformation:
C(h) = Co(h)+ Cl [h _(L] _Ls)] + Cl* [_h _(Ll - Ls)]
+C2 [h _(Lz _Ll)]+C; [_h _(Lz _Ll)]
+C3 [h _(Lz _Ls)]+C; [_h _(Lz _Ls)]
+C4[h_(L2+L3_L1)]+C:[_h_(L2+L3_L1)] (5)
+C5(h—L2)+C5*(—h—L2)
+C[h—(L,+ L, = L)]+ Co [~h— (L, + L, ~ Ly)]
+ C7 [h _(Lz +L3)]+ C; [_h _(Lz +L3)]
+Cy[h= (L +L)]+Cs[-h—(L,+L,)],
where
C,=F'[(1/2)S,(0)], (6)
C=F {(1/8)([,#T, ~T, ~T,)S5 (o) exp il (0) - ()]} }, (N
C,=FH{(=1/8)T,S,(0) exp {i[@}(0) — ¢ (0)]} }, (3
C,=F {1/ 8T8, (0) exp{i[p;(0) — @ (0)]}}, 9
C4:~7:_l {A/16)(I, -y + T+ =T +17,)S,,(0) eXp{i[(pz,(O')'f‘(p;(O')—(/?],(O')]}}, (10)
Cy = FH(1/HL,S,(0) explil @} (0)]} }, (11
C=F {(-1/16)(T, + T, +T,, =T, +T, =TS, (0) exp{i[¢/(0) + ¢, (o)~ ¢;(o)]}}, (12)
C, = F{(1/8)T85 (o) exp{il @, (o) + @ (0)]} }, (13)
Cy = F {1/ 8)T,S, (o) explil @ (o) + @, (0)]}}, (14)

and L, is the actual optical path difference (OPD) introduced by R, in the central
wavenumber [14]. The seventeen channels are separated from one another over the 4 axis if
dy, d,, and dj are selected properly. The desired channels, C,, C;, C4, Cs, Cs, C7, and Cg,
centered at h=L -L,, L,-L,, L,+L,-L, L,, L+L,—-L,, L,*L,, and L +L,,
respectively, are then filtered out by the frequency filtering technique and performed Fourier
transformations independently. We assume that 6, >0, &, >0, and £ <0, which indicate
that the fast axes of R; and R, deviate from their ideal states in a counterclockwise direction
while the transmission axis of A deviates from its ideal state in a clockwise direction. We
should mention that these conditions are dependent on the manufacturing tolerances of the
channeled spectropolarimeter. Then, we can determine the sign of the coefficient of each term
in Eq. (5), suchas (I',+I', -I', -T',) <0, I, >0, T, >0, (Ix-T'y+I,+I -, +T,)>0,
>0, and (I, +Iy+T,, - +T,-TI",)>0. To avoid the inconvenience that any term in
Eq. (5) may be zero, we should choose the reference beam with S, #0 and S, #0 or
S, # 0, however, we need not to know its polarization state accurately.

Using the Fourier transformations of the channels Cy, C;, C4, Cs, Cg, C;, and Cg, we can
calculate out that
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F(C). a
bs []-'(C)] 2wd’ (15)
F(C,) F(C), b+
sl eyt []-'(C W= b (16)
s EUC gy FLCD, _ (ad =bebe1) )
F(C,) F(C,) abd
p Z(G),  bale+ (e —do). s
F(C,) abd’ f

where abs stands for the operation of taking the absolute value. Meanwhile, a, b, ¢, d, e, and f
satisfy the following equations: a” +b° =1, ¢’ +d” =1, and e’ + f* =1. Substituting these
equations into Egs. (15)—(18) yields the determination results of b, ¢, and e, i.e.,

__ 9
Q+2N’ (19
Wb Wb /4
=—— —) = (=) =b*+1, 20
c 0 +\/( Q) ( Q) + (20)
J s e
O°b"(1-c")+(Qbc—H)
where
F (&) F(C) _ L)
O = abs| F(C. )] abs[}_(c7)] N = abs[}_(CS)] o)
W= abs[}—(cﬁ)]—abs[}-(c“)] H= abs[m]
F(&) F(G) F(G)
The alignment errors, 6, 6,, and &, are given by 6 =(1/2)arccos(b),

6, = (1/2)arcsin(c), and € = (1/2)arcsin(e), respectively.
3.2 Alignment errors compensation

Based on the determination results, we can adjust the states of the polarization elements with
precise mechanical devices. However, if an algorithm for correction, which can compensate
the alignment errors, is developed, the mechanical adjustments will no longer be required. In
the following, an effective correction algorithm will be presented.

When Rj is removed after determining the alignment errors, the Mueller matrix of the
target light launched into the spectrometer is
(0) =M, (6) M, [45°+6,,¢,(0)]-My,[6,,¢{(0)]-S(0). (23)

out

The spectrum measured by the spectrometer becomes
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B(o)=(1/2)S,(0)+(1/2)bd’ £ (bS,(0) + aS, (o)) cos[¢; (0)]
= (1/8)([Ts + T =Ty)[asS, (0) —bS,(0) —iS; (0)]exp{il ¢} (0) — ¢ (0)]}
= (1/8)(T + T =T)[aS,(0) = bS,(0) +iS;(0) exp{~i[p;(0) - ¢ (0)]}
+(1/ (T =T,)[=bS, (o) +iS;(0)]explig (0)] 24
+(1/4) T =T,)[=bS,(0) —iS; (o) exp[~ig; (0)]
+(1/8)(Is — T’ +T,)[aS, (0) - bS,(0) +iS;(0)]exp i[¢ (0) + ¢ (0)]}
+(1/8)(Ty —T +T)[aS,(0) - bS,(0) iS(0)]exp{-i[p;(0) + ¢(0)]}.

When we deduce the expression for B(o), we also ignore the terms containing the second
order small quantities. The inverse Fourier transformation of B(o) gives the autocorrelation:
A(h) = 4 (W) + A (h— L)+ 4 (=h—L,)
+A2[h_(L2 _L1)]+A;[_h_(142 _Ll)]

. (25)
+ A, (h—L,))+ A, (-h—L,)
+ A[h—(L, + L))+ A4, [-h—(L, + L)),
where
A, =F(1/2)S;(0)], (26)
A =F {1/ 4) (T, ~T)[-bS;(0)+iS;(0)]explig](0)]}, 27

A, =F H{-(1/8)(Ty +T —T,)[aS/(0) - bS;(0) —iS; (o) exp{ilp} (o) — ¢[(0)]} }, (28)
A, = F {1/ 9T, d[bS(0) +aS; (0)]explig; (0)]}, (29)

A, =F H{U/ 8T~ T +T,)[aS/(0) - bS;(0) +iS;(0)]exp i@} (0) + ¢{(0)]} }. (30)
We can find that there are nine channels included in A(#). Compared with the

autocorrelation function of the obtained spectrum given in [10], the autocorrelation function
here becomes more complicated due to the alignment errors of Ry, R,, and A. Especially, two
additional channels, centered at £Z,, are introduced. Considering the thickness ratio of R,

and R, is d): d, = 1: 2, the phase retardation ¢/(0) is approximately equal to the phase
retardation [@;(0)—¢/(0)]. As a result, the channels 4, and A4, are hardly separated from

each other over the / axis. To avoid channel aliasing, we choose the channels Ay, 43, and A4,
centered at /=0, L,, and L +L,, respectively, to reconstruct the Stokes parameters of the

target light. By filtering out the desired channels and performing Fourier transformations
independently, we can obtain the results:

F(4) =(1/2)8,(0), €3]
F(4y) = (1/4)dT y[bS, (0) + aS,(0)]explig; (0)], (32)
F(4,)=1/8)(Ty ~T +T,)[asS,(0) - bS,(0) +iS; (0)]exp{il ¢ (0) + ¢ (0)], (33)

Combining Egs. (31)—(33) and simplifying yields the reconstructed Stokes parameters of the
target light as follows: S,(0)=2F(4,), S,(0)=aE,(0)+bE,(0), S,(0)=aE,(0)—-bE,(0),
and §,(0) = E,(0). The variables, E (o), E,(0), and E,(0), are given by
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L 4F4)
E(0)= aT - explig )]’ (34)
E () = SReF(4) /r e)?) lii[(iz' ;a) (Y (35)
E.(0) = 8Im{F(4,) /r e)?) éi[(i; 120') QI 6)

where exp[ig;(0)] and exp{i[¢;(0)+¢/(0)]} are measured with the method named

“reference beam calibration technique” [15,19]. Using a 22.5° linearly polarized beam, the
phase terms can be given by

2\/5 ) F(A3,22,5° )
T, +I;) F4

>
0,22.5° )

explig;(0)] = (37

4\/5 ) ‘7:(‘44,22.5° )
(a-b)T T +Ty) F(

Since the alignment errors are considered in the presented demodulation model, the
reconstructed Stokes parameters based on it will be more accurate. Though the form of the
derived model becomes more complex, the added parts contain only the simple trigonometric
functions and four-arithmetic operations, which will not lead to difficulties in the
reconstruction of the Stokes parameters.

exp{il@(0) + ¢, (0)]} = : (3%)

0,22.5° )

4. Simulation analysis

The effectiveness and advantages of the presented method are firstly validated by simulations.
In the simulations, we use a 22.5° linearly polarized beam as the reference light to determine
the alignment errors and phase terms, and the wavenumber range is 11111cm™'~16667cm™.
The thicknesses of R;, Ry, and R; are 3.5mm, 7mm, and 2.45mm, respectively. The retarders
are made of quartz, whose birefringence in the selected waveband can be found in [8]. The

input alignment errors of Ry, R,, and A are 6,=0.5°, 6,=0.5°, and €=—0.5°, respectively.

Figure 3 shows the magnitude of the autocorrelation function C(4). The seventeen
channels are separated from one another over the % axis, which indicates that the thicknesses
of the retarders are selected properly. The channels C,, C,, Cs, Cy, Cs, Cg, C7, and Cg are
centered at 10.0¢m, 33.6um, 43.7um, 57.4um, 67.4um, 773um, 90.6um, and

100.7 um, respectively, which is consistent with the theoretical model calculation.

The alignment errors can then be calculated, which are shown in Fig. 4. Because the
alignment errors are independent of wavenumber, we can use the averages of the calculated
values in different wavenumbers as the final determination results. Table 1 shows the
averages and errors of the determination results of ,, 6,, and &. These results indicate that

we can determine the alignment errors accurately using the presented method, which lays the
foundation for compensating the errors in the next step. Furthermore, When determining the
alignment errors, we do not use the polarization state of the reference light and just need to
assure that the reference light provides S, #0 and S, #0 or S; #0. Compared with the

method presented by Mu et al. [17], which uses two linearly polarized beams oriented at 22.5°
and 45° to determine the alignment errors of the retarders, we can eliminate several error
sources and improve the efficiency in the progress of calibration. To validate the analysis, we
also determine the alignment errors with the reference light including the error of angle of
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polarization (AOP) in our simulations, and conclude that the input polarization state does not
influence the determination results of the alignment errors.

1Gl

|C| [arb. unif]

1 1 1
120 -90 -60 -30 0 30 60 90 120
Optical Path Difference fz [um)]

Fig. 3. Magnitude of the autocorrelation function of the obtained spectrum when determining
the alignment errors. The part in the dashed box is enlarged.
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Fig. 4. Determination results of the alignment errors of Ry, R, and A.

Table 1. Averages and Errors of the Determination Results of 91 , 92 ,and &

Parameter Input value (°) Calculated value (°) Error (°)
6, 0.5 0.497 -0.003
0, 0.5 0.511 0.011
& -0.5 —0.538 —0.038

The magnitude of the autocorrelation function A(%) is depicted in Fig. 5. We can find that
the channels 4, 43, and 4, are separated from one another, and the channels 4, and 4,, both
centered at about 33.64m, are mixed together. These results demonstrate that we cannot use

the channels 4; and A4, to reconstruct the Stokes parameters. Figure 6 shows the reconstructed
Stokes parameters under the input alignment errors. We use two methods to demodulate the
Stokes parameters, i.e., a traditional method [15,19] and the new method presented here. With
the traditional method, which neglects the misalignments of the PSIM module, the maximum
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deviations of S,/S,, S,/S,, and S, /S, are 6.44 x 107, 6.87 x 107, and 2.60 x 107",

respectively. Analysis suggests that the errors of the reconstructed Stokes parameters are
mainly introduced by the alignment errors. By using the presented correction algorithm, the
maximum deviations of S, /S,, S,/S,, and S, /S, are reduced to 1.23 x 107, 3.49 x 107,

and 8.62 x 107°, respectively. The errors of the reconstructed Stokes parameters are reduced
by one order of magnitude compared with the results obtained by the traditional method. That
is to say, the errors of the reconstructed results due to the misalignments can be compensated
effectively.
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Fig. 5. Magnitude of the autocorrelation function of the obtained spectrum when measuring the
target light.
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Fig. 6. Reconstructed normalized Stokes parameters. Theoretical values are

S /S =1/2,8,/5, =3/2 and 5. /8, =0.

The above results suggest that the alignment errors of R;, Ry, and A can be determined
accurately and compensated effectively without any precise mechanical adjustments. The
presented method can work well under the misalignment of 0.5°, which indicates that this
method achieves a high accuracy in the calibration of the alignment errors. In addition, the
calibration method needs not to accurately control the polarization state of the reference light
to determine the alignment errors. Therefore, the accuracy and efficiency of the calibration
procedure are improved.
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5. Experimental results

The experimental configuration for alignment errors calibration can be seen in Fig. 7, where
the channeled spectropolarimeter consists of the PSIM module and a spectrometer (FieldSpec
3, Analytical Spectral Devices). The thicknesses of R, R,, and Rj, the reference beam, the
target beam, and the wavenumber range are consistent with the simulation settings. A
stabilized tungsten halogen lamp, a collimator, and a rotatable polarizer, P, are used to
generate the reference and target beams.

5

e I 'Y _‘;..
Collimator . :
4 \ ]

Tungsten
halogen lamp

Fig. 7. Photograph of the experimental configuration. The polarizers, P and A, and the high-
order retarders, Ry, R,, and R, are installed in precision adjusting racks.

When conducting the experiments of determining the alignment errors, we change the
alignment errors of R; and R,, 6 and 6,, from 0.3° to 1.5°, and the alignment error of A, €,

from —0.3° to —1.5°, respectively. Meanwhile, the states of other experimental devices remain
unchanged. We provide the measured result at §,=6,=0.3" and £ =-0.3", shown in Fig. 8.

We find that the measured spectrum is modulated with the phase retardations of the three
high-order retarders. The inverse Fourier transformation gives the autocorrelation function of
the measured spectrum, i.e., the OPD spectrum. In Fig. 8(b), the desired channels are
separated from one another and their distributions are consistent with the simulation results,
which further validate the presented alignment errors determination model. However,
noteworthy is that the channels shift positions slightly over the /4 axis compared with the
simulation results, which may be caused by the thickness errors of the high-order retarders,
noise, stray light, and other environmental factors. Based on the alignment errors
determination model described in subsection 3.1, we can calculate the alignment errors from
the measurements.

The target light is measured after determining the alignment errors. Figure 9 gives the
Stokes parameters reconstructed from measurements under different alignment errors. If the
reconstructed Stokes parameters are insensitive to the alignment errors, the reconstructed
results for the stabilized target light will be constant. However, the errors of the reconstructed
Stokes parameters obtained using the traditional method, shown in Fig. 9(a), grow larger as
the alignment errors increase. Therefore, to improve demodulation accuracy, the alignment
errors of the polarization elements cannot be ignored. In Fig. 9(b), the alignment errors are
determined and compensated with the correction algorithm. It is clear that the reconstructed
Stokes parameters under different alignment errors are almost overlap each other by using the
presented calibration method. The residual errors of S, /S,, §,/S,, and S, /S, are less than

3.0x107,7.0 x 107, and 2.0 x 107, respectively. The results indicate that the reconstructed
Stokes parameters using the presented method, are almost unaffected by the alignment errors,
which also means that the manufacturing tolerances of the polarization elements used in the
channeled spectropolarimeter are loosened.
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Fig. 8. Measured result in the progress of determining the alignment errors. (a) measured
spectral intensity; (b) magnitude of the desired part of the measured spectrum’s autocorrelation

function.
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Fig. 9. Stokes parameters reconstructed from experimental measurements under variations of
the alignment errors using (a) the traditional method and (b) the presented method. Theoretical

reference values are S, /S, =1/2, S,/S§, = \/g /2, and S /S =0.

The experimental results show that by using the presented calibration method, the
accuracy of the reconstructed Stokes parameters under alignment errors can be improved. In
addition to the alignment errors due to machining and assembly, the states of the polarization
elements may be changed by vibration, stress, or other factors in an application. To maintain
the accuracy of the Stokes parameters reconstructed from the measurement, we can use the
presented method to calibrate the channeled spectropolarimeter termly, which has an
important significance for the application of the channeled spectropolarimeter.

6. Conclusion

In this paper, we present a method to calibrate the alignment errors for a channeled
spectropolarimeter. The calibration will not lead to difficulties in the reconstruction of the
Stokes parameters, though the form of the derived calibration model, including the alignment
errors determination model and alignment errors compensation model, looks like complex.
We can determine the alignment errors of the high-order retarders and polarizer used in the
spectropolarimeter with an auxiliary high-order retarder and a reference beam. The reference
beam just requires to provide that S, #0 and S, #0 or S, #0, and therefore the error of the

AOP of the reference light does not influence the determination results of the alignment
errors. Based on the determination results, we can compensate the alignment errors by using a
correction algorithm without any precise mechanical adjustments. Simulation and
experimental results suggest that the alignment errors of the high-order retarders and polarizer
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can be determined accurately and compensated effectively using the presented calibration
method. In this way, the accuracy of the reconstructed Stokes parameters is not affected by
the alignment errors and the manufacturing tolerances of the channeled spectropolarimeter are
loosened. Given these advantages, the presented method can be used to perform a fast and
accurate calibration for the channeled spectropolarimeter termly to improve the accuracy of
the reconstructed Stokes parameters.
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