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Intelligent Photonic Processing System: Concept and

Research Progress

48 P37 /Z0U Weiwen, SA3Z /MA Bowen, 483k /XU Shaofu

(EER@EAS, 58 200240)
(Shanghai Jiao Tong University, Shanghai 200240, China)

B2 BB 7B SANERSE (IPS) R, ZAKEIBATLERR (AD WA IPS. X5
HED Al HY IPS UMY IPS, Al Lit” B89 IPS ISMEMEDET / HZ2RGFISSIIBIAE
HSIEN AR IPS ERUARSRE . IRAERELY ATEIIRSS: ALY IPS EEMANIER
EIRNEHEI, DY EEEN iﬂﬁéﬁﬁﬁb o DM IPS VERFMHNIHRE, HRE S ERRAREOHR
GAITLE

X813 IPS; REZY; ATERE; JFHENG; MENSEsTS

Abstract: An intelligent photonic processing system (IPS) is proposed, including artificial in—
telligence (Al)-powered IPS, IPS with photonics—facilitated Al, and Neuromorphic IPS. The
Al-powered IPS aims to combine Al with existed photonic/optical systems for better signal
processing performance. The IPS with photonics—facilitated Al focuses on the computing ac—
celerator with high speed and low power consumption. The neuromorphic IPS features adap—
tation and decision—making abilities. For each version of IPS, several representative works are
reviewed and some prospects for the future development are provided.

Keywords: IPS; deep learning; artificial intelligence; optical neural network; neuromorphic
photonics
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BE: THBEPIMBRRRESETOEK, 766 EREEMERT, ERNTABSHEN
REzENSRER. JNYEREIFN—TPAIF 400 ~ 800 THz USRS REEKRA,
61 6G MBPIBERZNED. Mestt. REK, BIKZRMA. RIENMNSRETE 5 T
HINWST TIGEEIEHE, HNE SN REIBOI AN RAIEE,
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Abstract: Frequency band resources in wireless communication are already very tight, and it is
difficult for traditional wireless communication to reach full high-speed coverage in 6G com-
plex communication environment. Visible light communication (VLC), as a high—speed com-
munication technique taking advantage of unlicensed spectrum of 400-800 THz, will take an
important role in 6G. In this paper, the recent research in VLC including devices, rate, special
scene applications, heterogeneous networking and high—speed optical interconnection is dis—
cussed, as well as the challenges and the prospects.

Keywords: visible light communication; 6G; optical interconnection
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Abstract: Radiofrequency (RF) frontends and links are the key modules for microwave systems
like radar, communication, and electronic warfare. The requirements of new-generation intelli—
gent RF system on broad bandwidth, multi-band spectra and reconfigurability bring new chal-
lenges to the development of RF frontends and links. Both RF frontends and RF links assisted
by the microwave photonics can provide a very promising solution to address above challenges
with advantages of broadband, low loss and immunity to electromagnetic interference. In this
paper, a comprehensive overview to the intelligent microwave photonic RF frontends and links is
presented, focusing on reconfigurable, multi—channel/channelized transceiver frontends and mi-
crowave links featuring large dynamic range, high phase stability and multi-service convergence.
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Abstract: To solve the problems of poor environmental disturbances resistance and difficult po—
larization adjustment of passive mode—-locked fiber lasers (MLFL) based on nonlinear polarization
rotation (NPR), automatic MLFL based on different algorithms and hardware have been proposed
successively and made great breakthroughs. Among them, the simple traversal algorithm is
widely used in the verification of automatic mode—locked schemes. Machine learning algorithms
can achieve efficient automatic mode—locked in the simulation. The optimization algorithm has
become the hotspot of research on automatic mode—locking due to its efficient target search.
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Abstract: The research background, the concept of system chip, the evolution of chip architec—
ture, the design case of vision system chip and the future development direction are introduced.
Smart vision system chip is a typical edge computing vision system chip that can perform image
acquisition, computational vision and deep learning processing. It can mimic or exceed human
vision system in its function and performance, and can be widely applied into real-time tracking
of moving objects, image recognition, intelligent transportation, virtual reality, robot, automatic
product quality detection of production lines and various intelligent toys.
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Silicon—Based Integrated LIDAR Technology

EET% /WANG Pengfei, F'3##k /LUO Guangzhen, & & /PAN Jiaoging
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(Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China)
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Abstract: The working principles of silicon—based phased array LIDAR and silicon—-based op—
tical switch array LiIDAR are discussed, and the development of these two silicon—based all—
solid—state LIiDAR is reviewed. Among them, the research on silicon—based phased array
LiDAR started earlier and has achieved remarkable results, but the control circuit of large—array
silicon—based phased array LIDAR is complex and difficult to implement. Because of its sim-
ple working mode and low technical threshold, the silicon—based optical switch array LiDAR
has developed rapidly, so the performance gap with the silicon—based phased array LIDAR is
smaller and smaller.

Keywords: LIDAR,; silicon—based; optical phased array; optical switch array
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Abstract: In this paper, silicon-based photonic single— and multi—-dimensional multiplexing
and processing are comprehensively reviewed. The development of intelligent silicon—-based
photonic integrated devices is also reviewed. Intelligent silicon-based multi-dimensional mul-
tiplexing and processing chips can fully develop and make use of multiple physical dimension
resources of photons and take the distinct advantages of silicon-based photonic integrated
circuits. It is expected to provide the key optoelectronic supporting technigues and chips for
addressing the capacity crunch and energy consumption crisis of optical communications.
Consequently, intelligent silicon—-based multi—-dimensional multiplexing and processing chips
provide the potential chip—level integrated solutions for realizing the sustainable development
of optical communications and other related applications.

Keywords: silicon photonics; optical communications; photonic integrated circuits; multi—di—
mensional multiplexing and processing; artificial intelligence; neural network
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Abstract: Reconfigurable silicon photonic devices and chips are key technologies for intelligent
optical communication systems. The small size, low energy consumption, low cost, and high
flexibility bring new development opportunities for new-generation optical communication ap—
plications. We have reviewed and discussed a series of novel thermally—reconfigurable silicon
photonic integrated devices and circuits, including reconfigurable optical filter and optical switch—
es, featuring the advantages of easy design and fabrication, which have been widely applied in
optical interconnects, quantum photonics and microwave photonics.

Keywords: silicon; reconfigurable; thermal—optic effect; photonic integrated circuit
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Abstract: In view of the shortcomings of using thermo—-optic or free—carrier plasma dispersion effect to achieve refractive index modulation
of silicon waveguide, such as small tuning range, high power consumption and volatility, a method based on phase change materials
is proposed. Phase change materials have at least two stable states. The refractive index has a large change upon phase change, and
moreover, maintaining the state does not require an external voltage, exhibiting non—volatile characteristics. Therefore, the hybrid integration
of silicon and phase change materials can effectively overcome the physical limitations of current silicon photonic devices, and can be applied
to high—density, low—power, large—scale integrated optical switch fabrics.
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Abstract: With the development of 5G technologies and the improvement of users’

service requirements, 5G application scenarios are becoming more and more diversified,
and 5G network construction is facing great challenges and opportunities. In addition, the
introduction of key massive multiple—input multiple—output (MIMO) technology increases
the complexity of scenario and parameter planning. 5G wireless network planning needs
to fully consider scenario—based characteristics, provide diversified and differentiated
solutions, and enhance the market competitiveness of 5G networks. In response to the
current problems, we propose an integrated planning scheme for macro station, deep
coverage and indoor distribution to improve the overall network performance. Furthermore,
in order to improve the accuracy of 5G network planning, the significance and methods of
precise antenna broadcast weight parameter planning based on big data under the massive

MIMO technology are discussed.

Keywords: massive MIMO; antenna pattern; network planning; scenario
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