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1 Introduction

Today, the research and application of Artifi-
cial Intelligence (AI) has become a major area of
scientific and technological development. Develop-
ing Al is a major strategy for enhancing national
core competitiveness and maintaining national se-
curity.

The Massachusetts Institute of Technology
(MIT) has not established a new college for dec-
ades. However, in October 2018, MIT announced
a new facility, the Schwarzman College of Com-
puting!’, and the construction of the Stata Sci-
ence Center (see Fig. 1) for computer science, Al,
data science, and related intersections. Its pur-
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pose is to harness the powerful role of Al and big
data computing in science and technology of the
future. From Fig. 2, the SCR-615B radar built by
MIT during World War II is on display in the
Stata Science Center lobby. The MIT president
also published an article in this year’s MIT news-
letter’? emphasizing the competition and chal-
lenges brought by Al

In 2016, the United States (U.S.) White
House released three important reports titled Pre-
paring for the Future of Artificial Intelligence,
National Artificial Intelligence Research and De-
velopment Strategic Plan, and Artificial Intelli-
gence, and Automation and Economic Report,
which promoted the establishment of a Machine
Learning and Artificial Intelligence (MLAT) sub-
committee that would actively plan for the fu-
ture development of AIP. In January 2018, the
United States Department of Defense released a
new version of the National Defense Strategy re-
port, stating that the development of advanced
computing, big data analysis, and robotics are im-
portant factors affecting national security. In
June 2018, the U.S. Defense Advanced Research
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Fig. 2 SCR-615B radar displayed in the hall

Projects Agency (DARPA) discussed for the first
time the preliminary details of the U.S. Electron-
ic Revival Plan. The implementation of this Elec-
tronic Revival Plan will accelerate the develop-
ment of Al hardware. In September of the same
year, DARPA announced its commitment to
building a system based on common sense, con-
textual awareness, and higher energy efficiency!".
In February 2019, U.S. President Trump signed
an executive order titled To Maintain U.S. Artifi-
cial Intelligence Leadership, which aims to main-
tain U.S. global leadership in Al. On February 12,
2019, the U.S. Department of Defense website
published a Summary of the 2018 Department of
Defense Artificial Intelligence Strategy—Harness-

ing Al to Advance Our Security and Prosperity,
which clarified the U.S. military’s strategic initi-
atives and key areas for deploying AI’). The U.S.
Department of Defense plans to use DARPA’s
Next Generation Artificial Intelligence (AI Next)
and Artificial Intelligence Exploration (AIE)
projects as benchmarks for exploring and apply-
ing Al technologies to enhance military strength.
The AI Next project, which was announced in
September 2018, is based on the two generations
of AI technology that were led by DARPA over
the past 60 years. It emphasizes the environment-
ally adaptive capability of AI. The main areas of
this project are to explore new technologies that
promote the Department of Defense’s automation
of key business processes, improve the robustness
and reliability of Al systems, enhance the secur-
ity and flexibility of machine learning and Al
technologies, reduce power consumption and
avoid inefficient data collection and performance,
and create the next generation of Al algorithms
and applications®. The AIE program will focus on
Third Wave applications and theories of AI and
aim to adapt machines to changing conditions. It
will streamline proposals, contracts, and funding
processes. The goal is to accelerate the research
and development of AI platforms to help the U.S.
maintain its technical advantages in the field of
AlL

In March 2017, France released its Artificial
Intelligence Strategy, built a new Al center, and
developed data storage and processing platforms,
automatic learning technology platforms, and net-
work security platforms!”. The German Brain Sci-
ence strategy focuses on robotics and digitization.
In 2012, the Max Planck Institute for Scientific
Research in Germany cooperated with the U.S. in
computational neurosciencel®l. Japan also at-
taches great importance to the development of Al
technology. In 2017, the Japanese government is-
sued the Next Generation Artificial Intelligence
Promotion Strategy to clarify its focus on Al de-
velopment and to promote the extension of Al
technology to strong AI and super Al levels”.

China released the New Generation Artificial
Intelligence Development Plan in July 2017 and
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formulated a three-step goal for the national Al
strategy. By 2030, China’s AI theory, technology,
and applications will generally reach world-lead-
ing levels and become the world’s major Al innov-
ation center!'. Currently, China is showing very
strong scientific research mobilization in the re-
search and application of Al. For example, in Au-
gust 2017, the National Natural Science Founda-
tion of China (NSFC) released Guidelines for
Emergency Management of Basic Research in Ar-
tificial Intelligence, which outlines plans to fund
research in 25 research directions in three founda-
tional aspects of the Al frontier, including intelli-
gent autonomous movement bodies, intelligent de-
cision-making theory, and key technologies of
complex manufacturing processes!''). We believe
that, driven by innovation, China will achieve sig-
nificant development in the research, application,
and industrial fields of AI and Al technology, oc-
cupying an important territory in the world of Al

In this paper, we propose the development of
AT technology in the field of space remote sens-
ing and target recognition. In 2017, we hosted the
Institute of Electrical and Electronics Engineers’
(IEEE) Remote Sensing Intelligent Processing
Conference’” and published some papers in the
IEEE Transactions on Geoscience and Remote
Sensing/Geoscience and Remote Sensing
Letters!"* %, We have also published several dis-
cussions in the Science & Technology Review!'"!*),
highlighting concepts regarding physical intelli-
gence and microwave vision. Here we focus on
Synthetic Aperture Radar (SAR) target monitor-
ing and information perception and discuss the re-
search on Al information technology against the
physical background of the interaction between
electromagnetic waves and targets, i.e., the use of
this physical intelligence to develop microwave
visions that can perceive target information on
the electromagnetic spectrum that cannot be re-
cognized by the human eye.

2  Multisource Multimode SAR Informa-
tion Perception

In the 1950s, SAR images were only single-
mode RCS grayscale images used for monitoring

military targets. Later, in the 1970s, the develop-

ment and application of this technology began to
make great strides in civilian fields of study, such
as ocean wind fields, terrestrial hydrology, vegeta-
tion, snow, precipitation, drought, the monitor-
ing and evaluation of natural disasters, and the
identification of surface changes, to name a few.
Various applications have various needs, and the
theoretical and technical issues associated with
different scientific connotations have strongly pro-
moted the comprehensive development of SAR
technology. Since the beginning of the 21st cen-
tury, SAR satellite technologies have developed
rapidly, with the realization of full polarization,
interference, and high- resolution to produce a
multisource multimode full-polarization high-res-
olution SAR (hereinafter referred to as mul-
timode SAR) information technology (see Fig. 3).

With the improvement in spatial resolution to
meters and decimeters, the perception of mul-
timode SAR remote sensing information has pro-
duced a field of science and technology that has
great significance for civilian and national de-
fense technology. SAR in the 21st century pro-
motes the research and application of Automatic
Target Recognition (ATR). Based on the pres-
ence or absence of a one-dimensional to a two-di-
mensional object map, three-dimensional object
feature recognition is achieved, along with identi-
fication of multi-dimensional object morphology.

However, SAR information perception and
target feature inversion and reconstruction are
not accomplished by human vision. The interac-
tion between electromagnetic waves and complex
targets and their image-scattering mechanisms
provide the physical basis for SAR imaging. We
have studied the theoretical parameter modeling,
numerical simulation, and physical and numeric-
al characteristics in the frequency, spatial, time,
and polarization domains, and have developed po-
larized SAR parametric simulation software, tech-
niques for scattering and imaging calculations,
and target classification, recognition, and feature
reconstruction.

Multimode SAR remote sensing produces a
many series of images with multiple temporal and

physical characteristics and rich and multiple
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Fig. 3 Overview of SAR development in various countries

types of complex data. Driven by remote sensing
big data, remote sensing application technology
has progressed in a broad range of areas.
However, most of these are limited to traditional
data statistical analysis and image processing
technologies, which cannot meet the needs of mul-
timode SAR technology and applications. In par-
ticular, it is difficult to realize the automatic re-
cognition of various types of targets in the sky,
land, and sea, as well as the perception and inver-
sion reconstruction of fine-scale multi-dimension-

al information.
3 Big Data-driven AI Technology

In recent years, Al technology has attracted
considerable attention from science and industry.
Based on the recognition of local structure-fea-
tures-whole target in the eye-retina-brain V1-V4
area, a simple perception rule was established to
obtain visual perception ability. Using the meth-
od of computational neuroscience and driven by
the fitting of big data, multi-layer convolution
networks are constructed from the local structure
and feature-vector space for large overall network
calculations to realize the ability to perceive in-
ternal information, which is the basic idea of Al

and deep learning.

Similarly, we must determine how to develop
a new smart brain-like function suitable for the
perception of SAR information from electromag-
netic wave image scattering, which differs from
computer vision processing that is usually based
on optical vision. To do so, it is necessary to con-
struct an intelligent information technology that
can perceive SAR information from the mi-
crowave spectrum. We call this the electromag-
netic Al-new scientific technology, i.e., from op-
tical vision by the human brain to humanoid
brain electromagnetic waves—microwave vision,
which is driven by remote sensing big data under
the guidance of the physics mechanism of multi-
source multimode full-polarimetric high-resolu-
tion SAR.

Fig. 4 and Fig. 5 illustrate the physical basis
of multimode SAR as a forward problem of elec-
tromagnetic-wave-scattering modeling simulation
and an inverse problem of multi-dimensional in-
formation inversion and reconstruction. Al deep
learning based on a brain-like computing neural
algorithm is driven by various types of big data
constrained by the physical background of mul-
timode SAR remote sensing for processing percep-

tions of Al information for application in various
fields.
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4 Microwave Vision to Realize ATR
Based on Physical Intelligence

Based on the SAR image-scattering mechan-
ism, we developed a brain-like intelligent func-
tion for processing this type of big data to per-
ceive SAR information. This is like seeing mi-
crowaves, i.e., microwave vision. Eventually, this
technology will be able to perform automatic in-
terpretations online and produce easy-to-accept
visual representations and visual semantics.
Known as microwave consciousness, this techno-

logy plays an important role in the technical

methods of visual semantics, reasoning, decision-
making, interactive detection, identification, in-
terference, confrontation, and the attack of SAR
scattered radiation fields.

In Fig. 6, we propose a combined forward and
inverse theory for the creation of electromagnetic-
wave-scattering and brain-like Al research to gen-
erate a new intelligent algorithm. This cross-dis-
cipline electromagnetic ATl (EM AI) has import-
ant applications in Earth remote sensing, ATR,
electronic countermeasures, and satellite naviga-

tion communications. Therefore, this proposal
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represents remote sensing-communication-naviga-
tion technology in electromagnetic space.

We have recently edited a book series titled
Spaceborne Microwave Remote Sensing?’!,
whereby 14 monographs will be published by
Science Press in the next two years, eight mono-
graphs of which deal with the acquisition of SAR
information (Fig. 7). These include the monograph
Intelligent Interpretation of Radar Image Inform-
ation, written by our laboratory team?!. Based on
the background and research status of SAR im-
age interpretation, this monograph summarizes
our laboratory’s latest research progress using
deep learning intelligent technology in SAR ATR
and polarized SAR feature classification, and
provides sample data and program code for relev-
ant chapters.

Some of the research conducted at our labor-
atory on intelligent information perception can be
summarized as follows:

e We proposed an intelligent recognition al-
gorithm for SAR targets!'”. The full convo-
lutional network we proposed reduces the
number of independent parameters by re-
moving fully connected layers. It achieved a
classification accuracy of 99% for a 10-class
task when applied to the SAR target classi-
fication dataset MSTAR??. In addition, an
end-to-end target detection—discrimination—
recognition method for SAR images was im-
plemented. Furthermore, we proposed a fast-
detection algorithm for surface ship targets,
established an SAR image ship target data
set, and performed a ship target classifica-

tion experiment based on transfer learning.

22 IR AT S LA S

Book Serles o Space-B. Microwave B Sensl

=P o os ok R

Fig. 7 Spaceborne microwave remote sensing research

and application series

e We proposed a deep-learning training net-
work algorithm in a complex domain!'%,
whereby we can train a Convolutional
Neural Network (CNN) of a polarized SAR
surface classification with complex multi-di-
mensional images in a polarized coherence
matrix. This algorithm achieved state-of-
the-art accuracy of 95% for a 15-class task
on the Flevoland benchmark dataset?.

e We proposed a CNN using few samples for
target ATR, which has good network gener-
alization ability. We also studied the target
recognition and classification ability of
CNN feature-vector distribution under the
condition of no samples!'!l. Zero-sample
learning is important for SAR ATR be-
cause training samples are not always suit-
able for all targets and scenarios. In this pa-
per, we proposed a new generation-based

deep neural network framework, the key as-
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pect of which is a generative deconvolution-
al neural network, called a generator that
automatically constructs a continuous SAR
target feature space composed of direction-
invariant features and direction angles while
learning the target hierarchical representa-
tion. This framework is then used as a ref-
erence for designing and initializing the in-
terpreter CNN, which is antisymmetric to
the generator network. The interpreter net-
work is then trained to map any input SAR
image to the target feature space.

e We proposed a deep neural network struc-
ture for CNN processing to despeckle SAR-
image noise®). This process uses a CNN to
extract image features and reconstruct a
discrete RCS Probability Density Function
(PDF). The network is trained by a mixed
loss function that measures the distance
between the actual and estimated SAR im-
age intensity PDFs, which is obtained by
the convolution between the reconstructed
RCS PDF and the prior speckled PDF. The
network can be trained using either simu-
lated or real SAR images. Experimental res-
ults on both simulated SAR images and real
NASA/JPL AIRSAR images confirm the ef-
fectiveness of the proposed noise-despeck-
ling deep neural network.

e Lastly, we proposed a colorized CNN pro-
cessing method from single-polarized SAR
images to polarized SAR images for scene
analysis and processing*!. This paper pro-
posed a deep neural network that converts
a single-polarized SAR image into a fully
polarized SAR image. This network has two
parts, a feature extraction network and a
feature translation network that is used to
match spatial and polarized features. Using
this method, the polarization covariance
matrix of each pixel can be reconstructed.
The resulting fully polarized SAR image is
very close to the real fully polarized SAR
image not only visually but also in real
PolSAR applications.

In addition, part of the work of our laborat-

ory is to do the SAR-AI-ATR identification

of: base on domestic and foreign SAR data in-
cluding China’s GF-3 SAR data. do the SAR-AI-
ATR identification of ground vehicles, airport air-
craft, and sea surface ships. In addition, we pro-
posed a CNN method for the inversion of forest
tree heights by interferometric SAR, i.e., INSAR,
and a method for constructing the reciprocal gen-
eration of optical images and microwave radar im-
ages by the contrast training of optical and mi-
crowave images. The above work can be found in
related monographs/!.

5 Conclusion

Data is not synonymous with information.
Big data is just material and a driver, and differ-
ent data have different scientific connotations.
Therefore, the use of simple and direct statistics
in the analysis of big data cannot realize the per-
ception of connotative information, especially in
the imaging of multi-dimensional vectorized com-
plex data of multimode microwave SAR, which is
difficult to intuitively perceive by the human eye.
In this paper, we proposed the use of Al driven
by big data under the guidance of physics to re-
trieve information and develop new AI models
and algorithms to meet the needs of SAR remote
sensing physics and applications. Interdisciplin-
ary Al research is very important. The realiza-
tion of new EM Al technology will drive the de-
velopment of multiple industries and applications.

At present, research on multimode remote
sensing intelligent information and target recogni-
tion is still in the exploratory stage, and further
research is needed to continue to develop new
theories, methods, and applications of microwave
vision.
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