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Abstract
Although Fourier transformation (FT) is the most commonly used method to retrieve the phase and
amplitude information of a spectral interferogram, its accuracy is usually degraded due to effects
such as fringe truncation, uneven distribution of fringes, noise and fringe density, etc. In this work,
we propose an improved FT based method to process the spectral interferogram. By using a
Gaussian envelope and a self-designed flat-top cap window function, significant improvements in
accuracy and robustness can be achieved compared to the conventional FT method. Besides, by
analyzing the correlation between the fringe density and the data processing error, the optimal
configuration in an actual spectral interferometry experiment can be screened out. At last, we have
applied the proposed method on the actual spectral interferograms obtained in our laser-induced
shock wave loading experiment for effectiveness demonstration, and the results show a dramatical
reduction of the measurement error compared to the traditional FT method.

Keywords: spectral interferometry, phase and amplitude retrieval, improved Fourier
transformation based method

(Some figures may appear in colour only in the online journal)

1. Introduction

Spectral interferometry (SI) is a linear optical measurement
technique, in which two beams interfere in the spectral
domain and create a 2D spectral interferogram [1–3]. With an
appropriate process, the phase and amplitude information of
the two interference beams in both spatial domain and spec-
tral domain can be retrieved from the interferogram. Thus, the
SI has been widely used in research fields that are relevant to
phase and amplitude measurement, such as the chromatic
dispersion measurement [3–6], characterizations of ultrashort
pulses [7–10], ultrafast dynamic process measurement
experiments [11–14], etc.

In a practical SI experiment, a Mach–Zehnder inter-
ferometer is often adopted and the spectral interferogram will
be recorded on an imaging spectrometer. According to the
different ways of the two beams entering the imaging

spectrometer, the SI can be divided into two types, which are
named as the time-delayed spectral interferometer and the
crossed-beam spectral interferometer, respectively [3, 15]. For
a time-delayed SI, the two beams enter the imaging spectro-
meter collinearly with a temporal delay and the formed
fringes perpendicular to the spectral axis. While in a crossed-
beam SI, two beams will simultaneously enter the imaging
spectrometer with a slight crossing angle and the fringes are
parallel to the spectral axis. Fourier transformation (FT) is the
most commonly used method to retrieve the phase and
amplitude information of the spectral interferogram, which
possesses both a relative high data processing speed and a
satisfactory precision [11, 16]. In the practice on reducing the
measurement error, compared to the comprehensive efforts on
how to get a perfect interferogram, the errors introduced by
the data processing method are rarely studied, although it has
been noticed that the data processing can significantly
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influence the final measurement results. Börzsönyi et al pro-
posed a phase surface mapping method to retrieve the phase
map from the interferogram, and gave a detailed error analysis
about the wavelength calibration, bandwidth of the light
source, noise, curved wave front, etc [3]. According to their
conclusion, both the FT method and the modified cosine fitting
method can provide the same absolute accuracy in their phase
dispersion measurement, while the latter can achieve a higher
measurement accuracy when the pulses propagation follow
Gaussian laws. Considering the much higher data processing
speed, the FT method is still the best choice in the inter-
ferogram process for many practical SI experiments. Dorrer
et al carried out the error evaluation of the FT algorithm with
the consideration of issues such as the spectral calibration error,
spectral resolution or the sample frequency [17, 18]. However,
the other issues, such as the fringe truncation, uneven dis-
tribution of fringes, the noise and the fringe density, can also
significantly affect the measurement accuracy.

In this work, we proposed an improved method based on
the FT method to retrieve the phase and amplitude more
accurately from the spectral interferogram with our shock wave
loading experiment as an applied case. In the improved
method, a Gaussian envelope is added on the fringes and a self-
designed flat-top cap window function is utilized to isolate the
+1st order AC term of their frequency spectrum. With a series
of numerical simulations, the proposed method is demonstrated
to be robust and can dramatically reduce the data processing
error. In addition, we analysed the correlation between the data
processing error and the fringe density, and suggested the
optimal fringe density setting in an SI experiment. In the end,
to show the robustness and effectiveness of the proposed
method practically, we have carried out a comparison with the
traditional FT method on the interferograms achieved in a
laser-induced shock wave loading experiment.

2. Experiment configuration and theory

2.1. Experiment configuration and spectral interferograms

Without losing generality, a laser-induced shock wave load-
ing experiment has been selected as a showcase of spectral
interferogram application. In such an experiment, a femtose-
cond laser (Spectra-Physics, SOL-ACE35F1K-HP) is adopted
as the light source, which is customized and can directly
output linear chirped pulses with pulse width of about 200 ps
and single pulse energy of 7 mJ. Then the chirped pulses are
split into three beams: the pump beam, the probe beam and
the reference beam. The sample is a 1 um thick aluminium
film that is vapor deposited on a glass cover slip substrate of
0.3 mm in thickness. The pump beam possesses about 80% of
the total energy and is focused onto the sample to generate a
steady shock wave [19, 20], which will be detected by the
probe beam as shown in figure 1. Figure 1(a) is the prototype
of our measurement system and figure 1(b) is the schematic
diagram of the pump-probe optical path.

When the probe beam and the reference beam enter the
imaging spectrometer (Horiba, iHR550) simultaneously with

a slight crossing angle, a crossed-beam spectral interferogram
will be created on the 2D CCD detector (Horiba, Syncerity-
1024×256). Assuming both the probe beam and the refer-
ence beam are plain waves, the interferogram can be
expressed as
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where x, ω denote the space domain and spectral domain,
respectively, I(x, ω), Ip(x, ω), Ir(x, ω) are the intensity dis-
tribution in the x and ω domain of the interferogram, the probe
beam and the reference beam, respectively, jε(x, ω) and
Aε(x, ω) are the phase shift and the amplitude change of the
dynamic perturbation caused by the shock wave loading, α is
the crossing angle between the two beams, and x0 is the
position at which the phases of the two beams are equal.

The first two terms on the right side of equation (1)
change moderately versus x, which can be called the direct
current (DC) term, while the last term of equation (1) is a
cosine function versus x and can be called the alternating
current (AC) term. To obtain the dynamic perturbation signal
jε(x, ω) and Aε(x, ω), we need measure two interferograms
with and without the shock wave loadings, respectively. Then
we should extract their phase and amplitude independently
and subtract them from each other [21]. Figure 2(a) shows the
crossed-beam spectral interferogram achieved in our shock
wave loading experiment. In the interferogram, the width in x
domain is 6 mm and the bandwidth in ω domain is 32 nm,
which corresponds to 250 and 1024 pixels of the detector,
respectively. Figure 2(b) shows the middle column fringe of
the interferogram in figure 2(a). Figure 2(c) shows the phase
shift map caused by the Al thin film surface motion, which is
achieved by subtracting the two phase-maps extracted from
the interferograms with and without the shock wave loadings.
According to the linear relationship of the chirped pulse
between its spectrum and time, the spectrum axis in
figure 2(c) can also be regarded as the time evolution. In our
experiment, the spectrum bandwidth 32 nm is linearly map-
ped to about 140 ps. Figure 2(d) shows different columns in
figure 2(c) that correspond to the shock wave profile in the
space domain at different moments. We can see that the shock
wave profiles are similar to a part of the parabolas.

2.2. Method

Since the interferogram in figure 2(a) contains all the issues
we have mentioned above, such as the fringe truncation, the
fringe’s uneven distribution and the noise, how to retrieve its
phase and amplitude accurately and robustly is of great
importance. For the interferogram shown in figure 2(a), the
FT method will deal with each column pixels of the 2D
detector independently. Thus, we can only take one column
fringe in the interferogram as an example to review the FT
method. According to equation (1), one column fringe at a
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fixed spectrum ω0 can be written as
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Restricted by the limited dimension of the detector, a data
truncation often occurs in the two sides of the fringe, as
shown in figure 2(b). Then the measured fringe I(x) in
equation (2) can be regarded as a multiplication of an infinite
periodic fringe Iinf(x) and a rectangular window Rect(x):

( ) ( ) · ( ) ( )=I x I x xRect . 3inf

To retrieve the phase and amplitude of the AC term of the
fringe I(x), the FT method mainly consists of the following
steps. Firstly, an FFT will be performed on the fringe to

translate it from the x domain to the k domain:

( )
( ) { ( )} { ( ) · ( )} ( ) ( )= = = Ä 

4
I k I x I x x I k kRect Rect ,inf inf

where  is the FFT symbol, Iinf(k) and Rect(k) are the
corresponding FFT in k domain of Iinf(x) and Rect(x),
respectively, andÄ is the convolution symbol. The profile of I
(k) in equation (4) will contain three peaks I0(k), I+1(k),
I−1(k), which correspond to the DC term and the ±1st order
AC terms of the fringe I(x), respectively.

Then, add a window function Wind(k) on I(k) to isolate
the +1st order AC term I+1(k) in the k domain:

( ) ( ) · ( ) ( )=+I k I k kWind . 51

At last, perform an inverse FFT on I+1(k) and translate it
from the k domain back to the x domain. Then we can retrieve

Figure 1. The laser-induced shock wave loading experiment system. (a) The prototype of the measurement system, (b) the schematic diagram
of the pump-probe optical path. NPBS, non-polarized beam splitter; P, polarizer; BS, beam splitter; M, mirror; L, lens.

Figure 2. (a) The crossed-beam spectral interferogram obtained in a shock wave loading experiment, (b) the middle column fringe of the
interferogram shown in (a), (c) the phase shift map induced by the shock wave, (d) different columns in (c) which correspond to shock wave
profiles in the space domain at different moments.
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the +1st order AC term I+1(x) of the fringe in the x domain:
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where - 1 is the inverse FFT symbol and Wind(x) is the
corresponding inverse FFT in the x domain of Wind(k). The
retrieved I+1(x) in equation (6) is a group of complex values,
whose real part and imaginary part are the phase and ampl-
itude to be measured, respectively. By repeating the above
steps on all the column fringes in the interferogram, the entire
corresponding 2D phase map and amplitude map can be
obtained.

It can be observed in the derivations that the fringe
truncation introduces a Rect(k) to equation (4). According to
the digital signal processing theory, the existence of Rect(k)
will cause a spectrum leakage for I(k), that is, the +1st order
AC term I+1(k) will be significantly widened. This will result
in an overlap between I+1(k) and I0(k) and make it difficult to
separate them from each other clearly. In this case, if the
function Wind(k) in equation (5) is designed as a rectangular
window, another data truncation of I+1(k) in the k domain will
be introduced. After performing an inverse FFT on I+1(k) in
equation (6), a Gibbs effect will be induced by the steep
boundary of the rectangular window, which will be exhibited
as the periodic oscillation errors in the retrieved phase and
amplitude. Thus, the accuracy of data process based on the FT
method is significantly affected by the fringe truncation and
the window function Wind(k) selection. To overcome the
overlap of I+1(k) and I0(k) introduced by the fringe truncation,
we propose a data processing method which consists of a
Gaussian envelope applied on the fringe and a specifically
designed flat-top cap window to extract the +1st order AC
term I+1(k) in the k domain.

After adding a Gaussian envelope on the fringe I(x) in
equation (3), it can be expressed as:

( ) ( ) · ( ) ( )=I x I x Gau x , 7Gau

where Gau(x) denotes the Gaussian envelope. Since the fringe
with a Gaussian profile IGau(x) has no data truncation on its
two sides, its I+1(k) is not widened when the FFT is per-
formed. Therefore, overlap of I+1(k) and I0(k) can be avoided,
and a more accurate measurement result can be expected.
After all the processes on the data, the true values can be
obtained by dividing the Gaussian envelope Gau(x) from the
retrieved amplitude.

To reduce the Gibbs effect caused by the steep boundary
of the rectangular window, a flat-top cap window with a
slowly varying boundary can be used for isolating I+1(k) in
equation (5) instead of using the rectangular window. We
specifically construct a flat-top cap window function as
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where km is the maximum value of I(k), k1 is the center
position of I+1(k), w is the window width and is often set to be
about k1/2 to 2k1/3, and τ is a constant which determines the
boundary profile of Wind(k).

2.3. Resolution reduction caused by the window function

The window function Wind(k) can be regarded as a band-pass
filter that filters out not only the DC term I0(k) but also the
high frequency components of the fringes. When applying an
inverse FFT on I+1(k) to translate it back to x domain, the
resolution of the retrieved I+1(x) will be reduced. Corre-
spondingly, the resolution of the retrieved phase and ampl-
itude in the x domain will decrease as well. Assuming the
maximum frequency components of I(k) are km, while the left
boundary and the right boundary of Wind(k) are kwl and kwr,
respectively, the resolution of the retrieved phase and ampl-
itude of I+1(x) can be expressed as

· ( )d d¢ =x
k

k
x, 9wr

m

where δx is the initial resolution in the x domain determined
by the pixels of the detector, while d¢x is the resolution of the
retrieved phase and amplitude. According to equation (9), to
achieve the highest resolution, kwr should be equal to km. In
practice, kwl is usually selected as the middle position
between I+1(k) and I0(k), while kwr is often set to be sym-
metrical about I+1(k) with its left boundary kwl, to filter the
high frequency noise. For the interferogram with a lower
noise level, the kwr can be appropriately set as a large value to
improve the measurement resolution.

In the show case of laser-induced shock wave loading
experiment used in this work, a chirped pulse is adopted as
the light sources to obtain the time-resolved dynamic process
in a single shot. The time resolution is usually determined by
the principle of least uncertainty and the spectrum resolution
[15, 16, 22]:

{ } ( )d t t
dl
l
t=

D
t max , , 100 c c

where τc and τ0 are the pulse width of the chirped pulse and
its corresponding limited Gaussian pulse, δλ is the spectrum
resolution determined by the detector, Δλ is the spectral
range detected by the detector. For the crossed-beam SI in our
shock wave loading experiment, its time resolution can also
be expressed by equation (10). However, for a time-delayed
SI, a resolution reduction will occur in the spectrum domain
since the periodic fringes distribute along the spectral axis. In
this situation, we think the resolution reduction in the spec-
trum domain should also be taken into consideration, which
has always been ignored before. Then its time resolution in
equation (10) can be rewritten as follows:
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3. Results and discussions

3.1. Demonstration of improved FT method

3.1.1. Error due to fringe truncation. According to the
previous section, the fringe truncation can cause a deviation
between the retrieved phase and amplitude and their real
values. To show the error induced by the fringe truncation, we
have applied the traditional FT method and the proposed
method on a simulated fringe, respectively. In the simulation,
the two beams of the interferometer are assumed to be
identical to ideal plane waves, with the wavelength fixed as
800 nm. The cross angle between the two beams is set as 0.12
degrees. The detector is set as 6 mm in width and consists of
250 pixels. All these simulation parameters are the same as
the configurations in our actual shock wave loading
experiment.

Without shock wave loadings, the phase and amplitude
of the perturbation will be zero, and then an ideal uniformly
interference fringe is generated according to equation (2), as
shown in figure 3(a). Firstly, the traditional FT method is
applied as a baseline. Figure 3(b) shows the frequency
spectrum of the fringe in the k domain after performing an
FFT. It can be observed that the bottom of I+1(k) is obviously
widened due to the fringe truncation and has an overlap with
I0(k). To further show the error of the retrieved phase and
amplitude caused by the fringe truncation, both a rectangular
window and a Hanning window have been used, respectively,
whose profiles are shown in figure 3(b). The retrieved phase
and amplitude with these two windows are shown in

figures 3(c) and (d), and their corresponding data processing
errors are shown in figures 3(e) and (f), respectively. It can be
found that the fringe truncation can cause an oscillation in the
retrieved phase and amplitude when using a rectangular
window to extract I+1(k). Benefitting from the slowly varying
boundary, the Hanning window can be useful in eliminating
the data truncation effect in the k domain and can achieve a
more satisfactory result.

However, a Hanning window is not a suitable choice for
the window Wind(k) selection to isolate I+1(k) because of two
reasons. The first reason is that it can cause a relatively large
data processing error due to the unevenly distributed fringes.
To show such an effect, a strong perturbation is added on the
interference fringe whose phase and amplitude both have
quasi-parabola profiles, as shown in figures 4(a) and (b),
which are similar to the measurement result achieved in our
shock wave experiment shown in figure 2(c). Then a
nonuniform fringe is generated according to equation (2), as
shown in figure 4(c). Figure 4(d) is the frequency spectrum of
the fringe in the k domain, and we can observe that a strong
perturbation can significantly widen the I+1(k). When using a
Hanning window to isolate I+1(k), its amplitude will be
distorted and consequently result in a relatively big error in
the retrieved phase and amplitude, as shown in figures 4(e)
and (f). The second reason is that a Hanning window can
cause a significant resolution reduction in the retrieved phase
and amplitude. Compared to a rectangular window or a flat-
top cap window, a Hanning window has the narrowest
equivalent FWHM when occupying the same number of

Figure 3. Data processing error caused by the fringe truncation. (a) An ideal uniformly interference fringe, (b) the frequency spectrum of the
fringe and the profiles of the rectangular window and the Hanning window, (c), (d) the retrieved phase and amplitude with a rectangle
window and a Hanning window respectively, (e), (f) the corresponding data processing error of the retrieved phase and amplitude,
respectively. Data are vertically offset for clarity in (e) and (f).
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pixels, therefore it can lead to a more significant reduction in
the resolution of the retrieved data.

Then we applied the improved method proposed in
section 2.2 on the simulated fringe and the results are shown
in figure 5. Figure 5(a) is the nonuniform fringe and the fringe
profile with a Gaussian envelope added on it. The frequency

spectrum profiles and the self-designed flat-top cap window
are shown in figure 5(b), from which we can find that the
overlap of I+1(k) and I0(k) almost disappear after adding a
Gaussian envelope on the initial fringe. Figures 5(c) and (d)
are the measurement error of the phase and amplitude. It can
be observed that both the Gaussian envelope and the flat-top

Figure 4. Data processing error for uneven distributed fringe with rectangle window and Hanning window respectively, (a), (b) the phase
and amplitude of the perturbation whose profiles are both similar to a part of parabolas, (c) fringe profile with the perturbation signal,
(d) frequency spectrum of the fringe and the profiles of the rectangular window and the Hanning window, (e), (f) data processing error of the
retrieved phase and amplitude. Data are vertically offset for clarity in (e) and (f).

Figure 5. Data processing error with the improved FT method. (a) Fringes profile before and after adding a Gaussian envelope on it,
(b) frequency spectrum of the fringes in k domain and the self-designed flat-top cap window, (c), (d) data processing error of the retrieved
phase and amplitude. Traditional-FT: the traditional FT method with a rectangle window; FT-Gau: only adding a Gaussian envelope on the
initial fringe; FT-ftc: only using a flat-top cap window to isolate I+1(k); Improved-FT: simultaneously using a Gaussian envelope and a
flat-top cap window. Data are vertically offset for clarity in (c) and (d).
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cap window can dramatically reduce the oscillation of the
retrieved phase and amplitude. When they are used
simultaneously, the two edges of the retrieved data can
achieve smaller oscillation widths, demonstrating the effec-
tiveness and robustness of the proposed method in improving
the measurement accuracy.

3.1.2. Robustness to noise. To evaluate the noise’s influence
on the data processing error, a series of fringes with different
noise levels have been created in the simulations, in which a
simple parametric noise model is used to describe the total
effect of the detector noise and the light source noise [23–25]:

( ) ( )s e e= +I I, 12noise
2

0 1

where ( )s Inoise
2 is the variance of the noise, ε0 is the light

intensity independent coefficient, and ε1 is the coefficient
linear to the light intensity. Assuming Imax is the maximum
value of the fringe intensity, the noise RMS can be regarded
as equal to σnoise(Imax). Here, we simply assume the ε0, ε1 in
equation (12) meet a relation ε0:(ε1Imax)=2:8, then three

different noise levels are generated whose RMS are 0.1%,
1.0% and 5%, respectively.

Injecting the noises of above three different levels into
the simulated nonuniform fringe, the data processing error of
the conventional method and the improved method are shown
in figure 6. It can be observed that when the noise RMS is
0.1% or 1.0%, the proposed method can significantly reduce
the data processing error. While the noise RMS is as large as
5%, the advantages of the proposed method vanish. More
noise RMS have been generated to evaluate the data
processing error of the proposed method and the results are
shown in figure 7. It can be predicted that the proposed
method will show significant effectiveness and robustness
when the RMS noise level is no more than 2%, which could
be a limit of the proposed method that needs to be addressed
in future work. However, for the measurement with a
relatively high noise level, the proposed method still works
and can only achieve the similar measurement accuracy as
conventional methods with the price of makes making the
data processing a little complicated.

Figure 6. Data processing errors of the improved FT method under different noise levels. (a) Noise RMS 0.1%, (b) noise RMS 1.0% and (c)
noise RMS 5.0%. Traditional-FT: the traditional FT method; Improved-FT: the improved FT method. Data are vertically offset for clarity.

Figure 7. Data processing errors of the retrieved phase (a) and amplitude (b) versus different noise levels. Traditional-FT: the traditional FT
method; Improved-FT: the improved FT method.
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3.1.3. Influence of fringe density. In an SI experiment, the
fringes recorded by the detector consists of a series of
discrete pixels. When using the FT method to deal with the
interferogram, we should avoid the overlap of the DC term
I0(k) and the AC term I+1(k) in k domain to reduce the
measurement error. In another word, the less pixels
occupied by each period fringe the better. According to
the Nyquist sampling law, one period fringe should have
more than two pixels. However, each period fringe should
occupy no less than five to six pixels in practice due to the
noise. Figure 8 shows the correlation between the data
processing error and the fringe density. In the simulation,
the total pixels of the fringes are set to be 250 and
500 pixels respectively and the noise RMS are both set to be
1%. It can be seen that too few or too many pixels of one
period fringe may both increase the measurement error,
because a high fringe density is more sensitive to the noise,
while a low fringe density may lead to an excessive overlap
between I+1(k) and I0(k). By observing the simulation
results in figure 8, the optimal pixels number for fringes
with 250 pixels and 500 pixels at 1% noise RMS are simply
estimated about 6–10 and 8–14, respectively. The analysis
in this section can help to set an optimal fringe density in
the practical SI experiment. It also can be found that the
proposed method shows a better performance than the
traditional method no matter what the fringe density is,
which demonstrates the effectiveness and robust of the
proposed method as well. On the other hand, since fringes
with more pixels can occupy more periods, it is usually
expected to reduce the spectrum leakage and obtain a better
measurement accuracy. However, due to the existence of
noise in the measurement system, increasing the number of
pixels may not significantly improve the measurement
accuracy at optimal fringe density. As shown in figure 8,
when the same data processing method is used, the

minimum measurement error of the two fringes with
different pixel numbers are almost at the same level.

3.2. Error evaluation for a practical experiment

To reduce the measurement error in our shock wave loading
experiment, we have adjusted the interferogram to the optimal
fringe density of about eight pixels per fringe period
according to the simulation results in figure 8(a). The inter-
ferogram and its middle column fringe are shown in
figures 2(a) and (b). According to the intensity ratio between
the signal and the noise in frequency domain, one can
inversely evaluate the noise level of a practical measured
fringe [26]. Based on this principle, the noise RMS of the
interferogram shown as figure 2(a) is roughly estimated to be
about 0.8%~1.0%. According to the simulation results in
figures 7(a) and (b), the measurement error RMSs of the
retrieved phase and amplitude with the 1.0% noise RMS
correspond to about 0.01 rad and 0.9%, respectively.

In order to demonstrate the effectiveness of the proposed
method, a comparison with the traditional FT method has
been carried out on the analysis of practical interferograms
achieved in a shock wave loading experiment. Since the true
values of the retrieved phase and amplitude of an actual
spectral interferogram are unknown, it is nearly impossible to
evaluate the absolute accuracy of the data processing method.
In our demonstration, we showed the effectiveness of the
proposed method indirectly, by using the precision. In the
shock wave loading experiment, the dynamic phase shift and
amplitude change are defined as the difference and ratio of the
phase-maps and amplitude-maps extracted from the dynamic
interferogram (with shock wave loaded) and the static inter-
ferogram (without shock wave loaded), respectively.

Then we applied the traditional FT method and our
improved FT method on the dynamic and static inter-
ferograms, respectively. Here, the dynamic interferogram is

Figure 8. Data processing errors of the retrieved phase and amplitude versus the fringe’s density at 1% noise RMS. (a) 250pixels,
(b) 500pixels. Traditional-FT: the traditional FT method; Improved-FT: the improved FT method.
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selected as the same one shown in figure 2(a). Figure 9(a)
shows the phases extracted from two column fringes using
different methods. One column fringe is selected from the
dynamic interferogram and the other is from the static one. To
show the detailed difference of the phases retrieved by dif-
ferent methods, we have plotted their gradient in the x
domain, as shown in figure 9(b). According to the enlarged
details shown in figure 9(b), the gradient achieved by the
proposed method has smaller fluctuations, indicating the
phases retrieved with the proposed method is smoother and
have better measurement accuracy. Figure 9(c) shows the
dynamic phase shift caused by the shock wave, obtained by
subtracting the dynamic phase from the static phase in
figure 9(a). The zoom-in subfigure in figure 9(c) shows that
the proposed method can dramatically reduce the measure-
ment error. It can be seen that the fluctuation of the phase
retrieved with the proposed method is no more than 0.03 rad
in a wide range in space domain, which agrees to the esti-
mation we made in the first paragraph of this section.
Figure 10 is the retrieved amplitudes using different methods.
By comparing the amplitudes retrieved from the unshocked
area, the proposed method shows a better performance com-
pared to the traditional FT method, indicating its validity.
However, due to the inevitable amplitude fluctuations of the
laser pulses in space domain, the retrieved amplitudes have
larger oscillations than the simulated results. Besides, since
the dynamic amplitude change is achieved from two inter-
ferograms, the light spot drift and intensity fluctuation among
laser pulses can significantly affect the results and lead to
much bigger measurement error than the simulated results.

The objective of our shock wave loading experiment is to
achieve the shocked dynamic parameters, such as the shock
wave velocity and the particle velocity, which can be derived
from the dynamic phase shift and amplitude change [27, 28].
However, the measurement errors of the dynamic parameters

Figure 9. The comparison of the retrieved phases between the traditional FT method and our improved FT method when performed on actual
spectral interferograms obtained in the shock wave loading experiment. (a) The retrieved phases. ‘Static’ denotes the phase retrieved from
one column fringe of the interferogram without shock wave loading, ‘Dynamic’ denotes the phase retrieved from the interferogram with
shock wave loading, ‘Traditional-FT’ means the phases are retrieved with the traditional FT method, ‘Improved-FT’ means our proposed
improved FT method, (b) the gradient of the phases in (a) in space domain, (c) the dynamic phase shift caused by the shock wave, obtained
by subtracting the two phases in (a). Data in (a) and (b) are vertically offset for clarity.

Figure 10. The comparison of the retrieved amplitude between the
traditional FT method and our improved FT method when performed
on actual spectral interferograms obtained in the shock wave loading
experiment. (a) The retrieved amplitude. ‘Static’ denotes the phase
retrieved from one column fringe of the interferogram without shock
wave loading, ‘Dynamic’ denotes the phase retrieved from the
interferogram with shock wave loading, ‘Traditional-FT’ means the
phases are retrieved with the traditional FT method, ‘Improved-FT’
means our proposed improved FT method, (b) the dynamic
amplitude change caused by the shock wave, obtained by dividing
the static amplitude from the dynamic one in (a). Data in (a) are
vertically offset for clarity.
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are not evaluated here, since the main purpose of this work is
focused on how to retrieve phase and amplitude more accu-
rately from interferograms with the proposed method only.

4. Conclusions

In this work, we proposed an improved FT method to extract
the phase and amplitude from a spectral interferogram, with
the fringe truncation, uneven distribution and noise being
taken into consideration. Numerical simulations show the
proposed method is more robust and can dramatically
improve the measurement accuracy. The analysis on the
correlation between the measurement error and the fringe
density is also helpful on searching the optimal fringe density
selection in a practical SI experiment. When performing the
proposed method on the actual interferograms obtained in our
laser-induced shock wave loading experiment, results show it
can significantly reduce the measurement error, indicating the
feasibility and effectiveness of the proposed method.
Although the analysis in this work are all based on the
beam-crossed SI, the proposed method and other relevant
conclusions can also be used in the time-delayed spectral
interferogram. Because the basic principle of the Fourier
transformation method is the same whether utilized to deal
with column fringes or row fringes.
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