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PREFACE

The substantial progress made during the last two decades in radio electronics,
space science, and computer technology has turned remote sensing into one of the
most effective tools for exploring, monitoring and assessing the natural environme-
nt and resourves, and for understanding the changes of global physical, chemical,
and biological systems. Growing pressures on the environment from human acti-
vity and its sensitivity to climatic and biological changes make the development of
remote sensing science more urgent than ever. One of the key issues is how to
understand the overall information provided by remote sensing data, net only
empirically or qualitatively, but quantitatively,

Interactions between electromagnetic waves (visible light, infrared, millimeter
wave, and microwave) and the target—environment in passive and active remote se-
nsing provide us with rich data. To fully understand these data, we must study
and understand the interaction mechanism, and develop the quantitative mathema-
tical-physical models and numerical approaches. Natural targets and environment in
remote sensing (atmosphere, cloud and precipitation, soil, vegetation canopy, snow
ice, ocean etc.) may be seen as a random medium containing discrete scatterers,
or as a continuous random medium with dielectric fluctuation. The dielectric
properties, scatterer size, shape, orientation and distribution, multi-layer structures,
smooth or rough boundary surface and so on consist of the characteristic paramete-
rs of random media modeling. By studying the mathematical physics of electro-
magnetic scattering, thermal emission and transmission in random media, and de-
veloping numerical approaches, we can obtain the polarized bistatic and back-scat-
tering coefficients in active remote sensing and the polarized brightness temperature
in passive remote sensing, and then establish quantitatively their functional depen-
dences on the dielectric, geometric and other characteristic parameters of target and
environment. Remote sensing theory provides a reliable theoretical basis ‘and gui-
dance not only for data prediction and analysis, parameter retrievals, but also for
improving and developing new remote sensors and novel approaches. The theory
and method of remote sensing are also applicable to the biological diagonosis, ma-
terial determination, inversion of the earth’s internal properties, pattern recognition
in complex background, environmental clutter in the electronic antagonism, and
some other cross disciplines.

Remote sensing theory covers the vector radiative transfer of random media,
analytic wave theory of random media, scattering from randomly rough surface,
and applications in active and passive remote sensing of atmosphere, cloud and
precipi tation, the earth terrain such as vegetation canopy, forest, snow, sea ice, ocean
and so on. This book, starting from the basic principles of electromagnetic wave
scattering, thermal emission and transmission, summarizes the author’s 10 years of
research in the remote sensing area, as well as the work of colleagues around the
world. This book intends to make the readers to well understand the theories,
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approaches, and progress in remote sensing theory,

Chapter 1 gives the scattering amplitute functions of a single particle, which
may have different shape and size. It is preparative knowledge for Chapter 2,

In Chapter 2, we discuss the vector radiative transfer (VRT) equation of four
Stokes parameters. The analytic formulations of the scattering, absorption, exti-
nction coefficients, and the phase matrix in the VRT equation for discrete scattere-
rs (spherical Rayleigh, Mie, or nonspherical) and continuous random media are
derived. The correlation function and correlation length of random media are di-
scussed.

In Chapter 3, we discuss several approaches to the VRT equation, e.g. the
iterative method, discrete-ordinate method and eigenanalysis approach. Fourier tra-
nsformation method, etc. and applications in active and passive remote sensing
of atmospheric precipitation and vegetation canopy. The rule of choosing para-
meters, and comparision with the experimental data are also illustrated. Using
iterative method and the Mueller matrix, complete polarimetric scattering is discu-
ssed. Numerical results are applied to the backscattering study of vegetation ca-
nopy.

In Chapter 4, we discuss the coupled VRT equations for multi-layer of ra-
ndom media and apply them to the thermal emission from crops and forestry in
passive remote sensing. When the scatterers are nonuniformly distributed in the
transverse direction, we have to deal with the multi-dimensional VRT equation.
We develop a numerical approach to solve a two-dimensional VRT equation and
apply this method to the passive remote sensing of atmospheric precipitation and
vegetation canopy.

In Chapter 5, from the basic Maxwell equations, analytic wave theory of ra-
ndom media is discussed. By using the mean dyadic Green’s function ( DGF) of
stratified media, the first moment of scattering field (Dyson equation), i.e. the
mean field, and the second moment (Bethe-Salpeter equaton), i.e. scattering inten-
sity, are derived. The bistatic and backscattering coefficients are then obtained,
and are applied to the active remote sensing of vegetation canopy. Meanwhile, empl-
oying the fluctuation-dissipation theorem for dissipative media, we study the thermal
emission from moistured soil. As the basis of the analytic wave theory, the ren-
ormalized method of wave equation, the Feynman diagrams of the Dyson equation
and Bethe-Salpeter equation, and approximations are introduced.

If dielectric fluctuation is strong, we should study the strong fluctuation the-
ory. In Chapter 6, we illusirate the basis and approach of strong fluctuation the-
ory. By using the distorted Born approximation, we obtain the bistatic and back-
scattering coefficients and apply them to the active remote sensing of snowpack,
which is a strongly-fluctuated random medium. Furthermore, the VRT equation
for a layer of strongly fluctuating, nonisotropic continuous random medium is de-
rived. The limitation behavior of the DGF and delta function of singularity are
discussed. The theory is then applied to the passive remote sensing of snow and
sea ice. ‘Then, carrying on to the second-order distorted Born approximation, ba-
ckscattering enhancement due to the constructive interference from the boundaries
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is explained.

As the fractional volume of scatterers becomes larger (than 0.1), the assumpti-
on of independent scattering in the VRT equation will not be valid. Coherence
of scattering should be taken into account. Chapter 7 is used to discuss the mo-
dified VRT equation for a layer of densely-distributed random scatterers (DVRT).
Making use of the Dyson equation in quasicrystalline approximation with coherent
potential (QCA-CP) and the Bethe-Salpeter equation in the ladder approximation,
and using the pair distribution function, the DVRT equation is derived. Some
results of the DVRT equation are discussed. Employing the surface models and
numerical approaches, an improvement to RADTRAN code for space-borne remote
sensing is reviewed. A simulation system is then completed.

Another important topic of random media is the scattering theory from rando-
mly rough surfaces. The land surface, ocean surface driven by wind, and so on
are rough surfaces. In Chapter 8, we first discuss the Kirchhoff approximation
(KA) and geometric optics solution for large-scale rough surface, and KA solutio-
ns for quasi-periodic and skewed randomly rough surfaces. Then, after introduci-
ng the solutions of small perturbation approximation (SPA) for small-scale rough
surface, we focus on the two-scale model, which combines KA and SPA. Then,
we develop an approach to the VRT equation of random scatterers with two-scale
rough boundary, and apply them to the sea surface with foam and white caps dri-
ven by strong wind. A quantitative relation between back-scattering and wind field
is then obtained. Finally, we derive second-order scattering from rough surface,
and discuss analytic and numerical results to illustrate the angular back-scattering

enhancement from rough surfaces.
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