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Comment on “Efficient full-path optical calculation
of scalar and vector diffraction using the Bluestein
method”
Yifeng Shao1 and H. Paul Urbach1

The calculation of light diffraction is of great impor-
tance for many essential optical applications, including
optical lithography, optical tweezers, and super-resolution
imaging, and is a research topic that has been extensively
studied over the past few decades. Because both scalar and
vector diffraction can be formulated as Fourier trans-
forms, the standard method is to use the fast Fourier
transform (FFT) algorithm. However, the use of the FFT
requires a fixed sampling relation between the dis-
cretization of the input field and that of the output field.
For the vectorial case, this requirement often causes a
significant waste of computational resources, which hin-
ders real-time applications.
Recently, Hu et al.1 proposed a method for calculating

scalar and vector diffraction that is both efficient and
flexible in choosing the sampling grid. The proposed
method is based on the Bluestein method. In particular, the
authors calculated the discrete Fourier transform (DFT)
with input array length M and output array length N using
the chirp z-transform (CZT) algorithm instead of the FFT
algorithm. The Bluestein method is a crucial step in the
development of the CZT algorithm, as it reformulates the
DFT as a convolution and hence enables the efficient cal-
culation of the DFT. For further details, please refer to Eq.
(11) in the original paper of the CZT algorithm2.
The proposed method is, however, not novel. In fact, an

identical approach was proposed in 2006 by Leutenegger
et al.3. The core formula, Eq. (12), in the paper by Hu
et al.1 resembles Eq. (18) in ref. 3 except for an exchange
of the indices M and N. The use of the CZT algorithm
remains valid as long as the diffraction is described by the

Fourier transform. Paper3 considers the calculation of a
focus field with a high NA, while the discussions in the
paper by Hu et al.1 do not go beyond this scope.
Note that the paper by Hu et al.1 does cite paper3 as

reference 15 in the Introduction when mentioning the FFT
algorithm: “Fast Fourier transform (FFT)-based algorithms
have been developed to perform fast calculations of light
diffraction [15,16,17,18,19]”. However, although the main
content of paper3 (reference 15) is related to the CZT
algorithm, this information is neglected in ref. 1.
Paper3 has been cited more than 150 times since its

publication in 2006. Actually, calculating light diffraction
using the CZT transform has become the new standard in
many imaging and focusing models.
The authors claimed that the original article consists of

three main parts: scalar diffraction, vector diffraction, and
full-path propagation. Among these three parts, the scalar
case is trivial, and the vector case has been excessively
studied in the literature. We agree with the reviewers that
the demonstrated calculation of the full-path propagation
is new. However, the authors did not propose any novel
method that enables this calculation. We doubt that the
authors can develop a complete research article for pub-
lication in the Light journal based solely on the topic of
full-path propagation.
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Reply to Comments on “Efficient full-path optical
calculation of scalar and vector diffraction using
the Bluestein method”
Yanlei Hu1,2, Zhongyu Wang1, Xuewen Wang3, Shengyun Ji1, Chenchu Zhang4, Jiawen Li1, Wulin Zhu1, Dong Wu1 and
Jiaru Chu1

Dear Editor,
In ref. 1, we present an efficient full-path optical calcula-

tion by using the Bluestein method. A real optical apparatus
for laser processing, imaging, or optical tweezing normally
involves diverse optical lenses with different physical and
numerical apertures (NA). In such applications, the optical
path is usually tortuous and long. To assist in the design,
evaluation, and alignment of optical instruments, it is
advantageous to retrieve the optical field in an arbitrary
position along the entire optical path, which is termed the
full-path calculation in our paper, with sufficient accuracy
and efficiency. In particular, high flexibility is required to
accommodate the mismatch between optical apertures of
different components in the optical path. We present a full-
path optical calculation method by adopting the Bluestein
method to address this realistic demand.
The Bluestein method was first developed by Bluestein

when working with chirp filtering by converting a discrete
Fourier transform (DFT) for non-power-of-two signals into
an efficient convolution2,3. Soon afterward, this approach
was further extended by Rabiner et al. into the chirp-z
transform (CZT) algorithm as a generalization of DFT4,5.
Since then, the Bluestein method (CZT algorithm) has
emerged as an important mathematical tool for fast Fourier
transforms (FFTs). The Bluestein-based CZT algorithm has
been employed in different scenarios of optical calculations

since it was established. For example, in 1984, the chirp-z
transform was first implemented by Glaser et al.6 in an
incoherent optical two-dimensional Fourier transform. In
2002, Bakx7 adopted the CZT algorithm for the computa-
tion of DVD disk readout signals. Restrepo and Garcia-
Sucerquia utilized the unprocessed Bluestein transform for
magnified reconstruction of digitally recorded holograms8.
All of these works were developed by using Bluestein’s FFT
method to solve specific issues in optical calculations. We
are sorry that these related works have not been noticed by
us until recently. We thank the enthusiastic readers for
bringing these to our attention.
It is claimed in the commentary that Eq. 12 in ref. 1

resembles Eq. 18 in ref. 9. Actually, the formula in both
papers originates from Rabiner’s original paper (Eqs. 4
and 7 in ref. 4, which is cited as ref. 23). The same formula
can also be seen in ref. 7 as Eq. 12. As Bluestein and
Rabiner et al. laid the mathematical foundation for the
efficient computation of the Fourier transform, the
method can be used as long as the calculation can be
formulated by the Fourier transform.
We are grateful to Dr. Y. Shao and Prof. H. P. Urbach for

pointing out that ref. 159 utilized the CZT algorithm to
compute the FFT for focus field calculations. We sincerely
apologize for the inaccurate description of the references,
and this issue will be described in the last paragraph as an
author correction. We are also sorry for the lack of the
introduction on the application of the Bluestein method
in optical calculations. The CZT algorithm is introduced
in section 3.5 in ref. 9 for the generalization of the FFT.
We greatly appreciate the elegant work by Leutenegger
et al. However, the frame of our paper for full-path
optical calculations is beyond the scope of ref. 9. The
paper by Leutenegger et al. considered only the vector
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diffraction scenario focused by a high NA lens. Full-path
light propagation through numerous lenses and elements
in complex optical systems are not covered.
In our work1, the full-path calculation method for light

propagation by interconnecting scalar and vector dif-
fraction is presented. Scalar diffraction and vector dif-
fraction are both computed by the Bluestein method in
two dimensions. The efficiency and flexibility of the
Bluestein method are fully exploited to realize dynamic
aperture matching during light propagation, thus making
efficient full-path calculations feasible for realistic imple-
mentation. The performance of this method is system-
atically investigated, and its capacity in evaluating realistic
optical instruments is demonstrated numerically and
experimentally. Therefore, the full-path calculation is the
main contribution of this work as discussed in the last two
paragraphs in the introduction section.
For some other issues, a series of modifications and

optimizations are made to the Bluestein method to retrieve
correct phase patterns and to achieve maximized compu-
tational efficiency. The codes can be found in the GitHub
repositories, as indicated in the supplementary information.
To investigate the accuracy and efficiency conveniently, the
most representative examples, such as the point spread
function of converging spherical light and focused optical
vortex, which have been the “Drosophila” in optical calcu-
lations, are chosen in the paper to facilitate a comparison
with the results obtained by other methods (e.g., refs. 13 and
17 in the original paper). Unconventional three-dimensional
FT (3D-FT) can be derived (refs. 16 and 17) and is also able
to be implemented by CZT to directly calculate the volu-
metric optical field. In comparison, fast two-dimensional
(2D) computation is applied in our method because planar
optical field information is required for efficient full-path
light calculations. In scalar diffraction, although the polar-
ization of the light is ignored and the paraxial condition is
assumed during propagation, the nonparaxial light field
with complex polarization can be handled by dividing the
light into two orthogonal polarization components that
propagate independently and then analyzed using the
Rayleigh–Sommerfeld diffraction integral, which can also
be computed using the Bluestein’s FFT method. In vector
diffraction, the calculation of the electromagnetic compo-
nents (intensity, phase, and polarization) along three
orthogonal directions is conveniently obtained by introdu-
cing the polarization transform matrix.
Since the application of Bluestein’s method in the optical

calculation is inaccurately described in the introduction
section, the authors have made the following corrections.
On page 2, “Fast Fourier transform (FFT)-based algorithms
have been developed to perform fast calculations of light
diffraction15–19. However, these methods can generate only
the light field distribution within a fixed region of interest

(ROI) and sampling numbers (i.e., resolution) determined
by the intrinsic characteristic of the Fourier transform (FT),
lacking flexibility in computing the desired local distribu-
tion with variable sampling intervals” should be changed to
“Fourier transform (FT) and Bluestein-based algorithms
have been developed to perform fast calculations of light
diffraction15–19”. Among them, the original fast Fourier
transform (FFT) methods can generate only the light field
distribution within a fixed region of interest (ROI) and
sampling numbers (i.e., resolution) determined by the
intrinsic characteristic of the method; hence, these
approaches lack flexibility in computing the desired local
distribution with variable sampling intervals. Bluestein’s
FFT method is emerging as a promising approach for
optical computations of the focus field, whose efficiency and
flexibility can be fully exploited for universal implementa-
tions to make the statement more accurate. In addition, on
page 3, ref. 15 should be cited again in front of Eq. 10.
We apologize for any inconvenience this may have

caused.
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Direct quantification of topological protection in
symmetry-protected photonic edge states at
telecom wavelengths
Sonakshi Arora 1, Thomas Bauer 1, René Barczyk 2, Ewold Verhagen2 and L. Kuipers1

Abstract
Topological on-chip photonics based on tailored photonic crystals (PhCs) that emulate quantum valley-Hall effects has
recently gained widespread interest owing to its promise of robust unidirectional transport of classical and quantum
information. We present a direct quantitative evaluation of topological photonic edge eigenstates and their transport
properties in the telecom wavelength range using phase-resolved near-field optical microscopy. Experimentally
visualizing the detailed sub-wavelength structure of these modes propagating along the interface between two
topologically non-trivial mirror-symmetric lattices allows us to map their dispersion relation and differentiate between
the contributions of several higher-order Bloch harmonics. Selective probing of forward- and backward-propagating
modes as defined by their phase velocities enables direct quantification of topological robustness. Studying near-field
propagation in controlled defects allows us to extract upper limits of topological protection in on-chip photonic
systems in comparison with conventional PhC waveguides. We find that protected edge states are two orders of
magnitude more robust than modes of conventional PhC waveguides. This direct experimental quantification of
topological robustness comprises a crucial step toward the application of topologically protected guiding in
integrated photonics, allowing for unprecedented error-free photonic quantum networks.

Introduction
The emergence of photonic topological insulators

(PTIs) has led to promising theoretical and experimental
approaches for topology-protected light–matter interac-
tions1 and the integration of robust quantum devices2.
Topologically protected photonic edge states offer robust
energy transport with unprecedented guiding capabilities,
providing a cornerstone for the efficient distribution of
classical and quantum information in dense networks3.
Usually, realizing nanophotonic systems with low back-
scattering at sharp bends is a great design challenge owing
to the need to strike a balance between high bandwidth,

low reflectance, and modest footprint. The promise of
topologically protected photonic states supporting
unhindered transport around defects and sharp corners
without the need for optimization is thus especially
interesting for on-chip applications. In addition to Chern-
type PTIs that break time-reversal symmetry3–6, a time-
reversal invariant realization of lossless optical transport
was introduced theoretically on a dielectric photonic
crystal (PhC) platform at telecom frequencies7,8. Although
the existence of these states has been evidenced in the
linear9,10 and nonlinear regimes11 and topological
robustness has been inferred by high transmission12,13,
quantifying their defining quality of scattering-free pro-
pagation has remained elusive. Potential interference
effects and out-of-plane scattering losses at local disorder
render this quantification challenging.
Here, we report a rigorous robustness evaluation of

valley photonic edge eigenstates at telecom wavelengths.
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