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measured poloidal phase distributed in a spiral pattern in
the spatiotemporal domain is well consistent with the
theoretical predictions.

As the obtained dynamic scaler optical hopfions manifest
as spatiotemporally structured pulses propagating in space-
time, they may provide a photonic platform for studying
particle-like topological states, and may find promising
potential applications in light-matter interactions with
spatiotemporal mode excitation, and in optical commu-
nications as high-dimensional information carriers.
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Fig. 1 Schematic of the Hopf fibration and scalar hopfion by
spatiotemporal beam shaping. The equiphase lines in a scalar
hopfion present the topological features of the Hopf fibration
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AI-powered drone-based automated inspection
of FAST
Lijun Wang1✉

Abstract
Automated optical inspection of FAST is realized by exploiting advances in drone technology and deep-learning
techniques. The AI-powered drone-based automated inspection is time-efficient and reliable, which guarantees the
stable operation of FAST.

The Five-hundred-meter Aperture Spherical radio
Telescope (FAST), also known as the “China Sky Eye”,
is the world’s largest single-dish radio telescope1. Its
optical geometry is outlined in Fig. 1a. The reflector is a
partial sphere of radius R= 300 m. The planar partial
spherical cap of the reflector has a diameter of 519.6 m,
1.7 times larger than that of the former largest radio
telescope. The large reflecting surface makes FAST the
world’s most sensitive radio telescope. It was used by
astronomers to observe, for the first time, fast radio
bursts in the Milky Way and to identify more than 500
new pulsars, four times the total number of pulsars
identified by other telescopes worldwide. More inter-
esting and exotic objects may yet be discovered using
FAST.
However, each coin has two sides. A larger reflecting

surface is more prone to external damage due to envir-
onmental factors. The FAST reflector comprises a total of
4450 spliced trilateral panels, made of aluminum with
uniform perforations to reduce weight and wind impact.
Falling objects (e.g., during extreme events such as rock-
falls, severe windstorms, and hailstorms) may cause severe
dents and holes in the panels. Such defects adversely
impact the study of small-wavelength radio waves, which
demands a perfect dish surface. Any irregularity in the
parabola scatters these small waves away from the focus,
causing information loss.

The rapid detection of surface defects for timely repair
is hence critical for maintaining the normal operation of
FAST. This is traditionally done by direct visual inspec-
tion. Skilled inspectors climb up the reflector and visually
examine the entire surface, searching for and replacing
any panels showing dents and holes. However, this pro-
cedure has several limitations. Firstly, there is danger
involved in accessing hard-to-reach places high above the
ground. Secondly, it is labor- and time-consuming to
scrutinize all the thousands of panels. Thirdly, the pro-
cedure relies heavily on the inspectors’ expertize and is
prone to human-based errors and inconsistencies.
The remedy to the shortcomings of manual inspection

at FAST is automated inspection. A recent publication in
Light: Advanced Manufacturing by Li et al.2 made the first
step towards automating the inspection of FAST by
integrating deep-learning techniques with drone tech-
nology. As a first step, the research team integrated
deep-learning techniques with the use of drones to
automatically detect defects on the reflector surface.
Specifically, they began by manually controlling a drone
equipped with a high-resolution RGB camera to fly over
the surface along a predetermined route (Fig. 1b). During
the flight, the camera captured and recorded videos of the
surface condition. One benefit of the advanced flight
stability of drones is that the recorded videos can capture
much information on surface details. Moreover, thanks to
the GPS device and the RTK module onboard the drone
platform, every video frame can be tagged with the cor-
responding drone location with centimeter-level accuracy.
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The physical locations of the panels that appear in each
frame can thus be determined.
Previous works involving defect detection using aerial

imagery were primarily designed to detect large defects
and were not reliable for detecting very small defects3–8.
In contrast, this work aims to inspect the large surface of
FAST from on high. The surface defects in drone imagery
exhibit large-scale variation and high inter-class similarity
(Fig. 1c). To tackle the above challenges, the research
team introduced a simple yet effective cross-fusion
operation for deep detectors, which aggregates multi-
level features in a point-wise selective manner to help
detect defects of various scales and types (Fig. 1d). The
cross-fusion method is lightweight and computationally
efficient, particularly valuable features for onboard drone
applications. Future work will implement the algorithm
on embedded hardware platforms to process captured
videos onboard the drone, and to make the inspection
system more autonomous and robust.
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Fig. 1 Visualization results. a FAST’s optical geometry. b Automated optical inspection at FAST. c Illustration of surface defects (dent and hole).
d Results of defect detection
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Light People: Prof. Sir John Pendry, father of
metamaterials, spoke about the future of meta
Chenzi Guo1✉ and Yu Luo2✉

Editorial
When consulting with the Marconi company in 1995, Prof. Sir John Pendry uncovered exotic structures that gave
negative permittivity and negative permeability, respectively. In 1999, Prof. Pendry introduced split ring resonators
(SRRs), and later in 2000, Prof. David Smith and Prof. Sheldon Schultz experimentally showed that periodic array of
SRRs and continuous wires previously proposed by Prof. Pendry could exhibit simultaneously negative values of
effective permeability and permittivity at the same frequency. Shortly after, Prof. Pendry revealed that a slab of material
with simultaneous negative permittivity and permeability could challenge the Abbé diffraction limit on traditional
lenses and focus all Fourier components of a point object onto a perfect image, leading to a “perfect lens”. The vision
of a perfect lens attracted extensive research interest and opened a new field which was later widely known as
metamaterials. Now two decades on, the explosion of metamaterials has revolutionized numerous researches in
physics, materials science, chemistry, and engineering. To shed light on the research direction of metamaterials,
Light: Science & Applications invited Sir John Pendry, father and living legend of metamaterials, to speak about the
future of metamaterials. The original interview can be accessed in Supplementary video.

Professor Sir John Pendry is a condensed matter the-
orist at Imperial College, London. He received his Ph.D.
from the University of Cambridge in 1969 and worked at
Bell Labs from 1972–1973. He has held his professorship
in the Blackett Laboratory of Imperial College, London,
since 1981. Shortly after, he became the head of the
Physics Department and Dean of Faculty of Natural Sci-
ences. He is currently the Chair in Theoretical Solid State
Physics. Prof Pendry is a Fellow of the Royal Society, the
National Academy of Sciences of United States, American
Academy of Arts and Sciences, the Institute of Physics
(IOP), the Optical Society of America (Optica), American
Physical Society (APS), etc. In 2004, he was knighted in
the British Honours for his services to science.
Professor Pendry is one of the most highly cited British

Scientists. He is recognized worldwide for his pioneering
work on the structure of surfaces and their interaction
with electrons and photons. He has also worked exten-
sively on transport in disordered systems, where he pro-
duced a complete theory of the statistics of transport in
one-dimensional systems. He founded the field of
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