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Solar X-ray and Extreme Ultraviolet Imager (X-EUVI)
loaded onto China’s Fengyun-3E Satellite
Bo Chen1✉, Guang-Xing Ding1 and Ling-Ping He1

Abstract
The solar X-ray and Extreme Ultraviolet Imager (X-EUVI), which was developed by CIOMP, is China’s first space-based
solar X-ray and Extreme Ultraviolet (EUV) imager; it has been loaded onto the Fengyun-3E Satellite, which is supported
by the China Meteorological Administration (CMA), for solar observation. It commenced working on July 11, 2021, and
was used to obtain the first X-ray and EUV images in China. X-EUVI employs an innovation dual band design to
monitor a much larger temperature range across the Sun, covering the 0.6–8.0 nm wavelength band of the X-ray
region and the 19.5 nm band of the EUV region.

Following the paper published in Light: Science & Appli-
cations (www.nature.com/articles/s41377-019-0157-7), the
same research team recently achieved another first for China.
The team at Changchun Institute of Optics, Fine

Mechanics and Physics, Chinese Academy of Sciences
(CIOMP), developed X-EUVI, China’s first space-based
solar X-ray and Extreme Ultraviolet (EUV) imager. This
imager has been loaded onto the Fengyun-3E Satellite.
Launched in July 2021, X-EUVI recorded China’s first
batch of solar images in the 19.5 nm and 0.6 nm to 8.0 nm

wavelength regions. The images officially released by the
CMA on September 2 2021 are shown in Fig. 1. This
represents a breakthrough for solar observation in the
X-ray and EUV regions in China, and images obtained
from the X-EUVI will play an important role in solar
research and space weather forecasting1–5.
The X-EUVI was developed by the research team in

CIOMP. After 5 years of research, the team achieved
breakthroughs in four key technologies and independently
developed an innovative dual band X-EUVI composed of
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Fig. 1 The solar images captured by X-EUVI. a image in the 19.5 nm region. b image in the 0.6–8.0 nm region
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an X-ray grazing incident optical system and an EUV
multilayer normal incident optical system6,7. The two
systems share a common optical axis and a common CCD
detector. The solar images in the X-ray and EUV bands
are focused onto a common CCD by an optical switching
assembly respectively. The innovative design enables
reduced space and weight for space applications.

X-EUVI is also equipped with a solar X-ray sensor and
EUV sensor, which works regularly to monitor the absolute
solar irradiance and calibrate solar X-ray and EUV images
for solar observation. In addition, X-EUVI has autotracking
and image stabilization functions, which can be used to
track the Sun in real time, rapidly compensate for pointing
deviation, and avoid image blurring caused by other device
disturbances to obtain high-quality images. The X-EUVI is
shown in Fig. 2.
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Fig. 2 The X-EUVI loaded onto the Fengyun-3E Satellite
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Spatial nonlinear optics for securing information
Wen Chen 1✉

Abstract
The high degrees of freedom of light, various optical structures and optical materials can be explored and applied to
develop optical encryption for securing information. An exciting optical image encryption approach has been
proposed based on spatial nonlinear optics.

With a rapid development of modern technologies, it
has been well recognized that information security plays
an important role in many applications, e.g., secured data
storage and communication. Securing information with
optical means has attracted much current attention, since
double random phase encoding1 was proposed. The
remarkable characteristics of optical encryption2–9, e.g.,
parallel processing and multi-dimensional capabilities,
have been continuously explored. For instance, parallel
processing can be realized by using optical devices, and
multiple-dimensional and multiple-parameter capabilities
of the light are explored and applied in optical image
encryption systems.
Various transform domains, optical materials and

optical imaging methods2–9 have been studied for optical
encryption, e.g., digital holography, computer-generated
hologram, diffractive imaging, and ghost imaging. These
designs, infrastructures and algorithms have greatly
enriched optical image encryption field, and make optical
encryption to be feasible and effective in practical appli-
cations. However, it has also been demonstrated and
verified that linearly optical image encryption systems
may be attacked, and security vulnerability could be
detected by using some properly-designed algorithms10,11,
e.g., chosen-ciphertext attack and known-plaintext attack.
Therefore, the breakthroughs need to be continuously
made in the field of optical encryption to achieve high
security and high applicability.

To overcome the challenges, Hou and Situ12 proposed
to apply spatial nonlinear optics for securing information.
Nonlinear characteristic is obtained for optical image
encryption in an optical setup using Sr0.61Ba0.39Nb2O6

(SBN:61) crystal12 as schematically shown in Fig. 1. To
encode an image, two statistically-independent random
phase patterns are embedded into phase-only spatial light
modulators, and the nonlinearity is generated by using
photorefractive crystal in the designed optical encoding
setup. The nonlinear Schrӧdinger transform has been
defined and applied in the proposed optical encryption
approach12.
Regarding misalignment toleration, robustness against

noise and effect of nonlinearity strength, the analysis has
been conducted in detail to show good performance of the
proposed nonlinear encryption approach12. It is also
demonstrated that owing to self-phase modulation effect
of photorefractive crystal, the proposed approach is
robust against known-plaintext attack. In addition, the
proposed nonlinear encryption approach can withstand
deep learning-based attacks, since plaintext-dependent
strategy is integrated into the designed optical encryption
system. The work in Ref. 12 sheds light on optical infor-
mation security based on spatial nonlinear optics.
In optical encryption, there are still some significant

challenges that deserve more attention and effort to
overcome, and high encoding capacity, high applicability
and high security are desired. Various optical para-
meters, optical structures and optical materials, e.g.,
metasurface, can be continuously designed and applied
to realize high-capacity and high-security nonlinearly
optical encryption. With the development of optical
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