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Abstract—Previous work developed a data model and corre-
sponding imaging operation for multistatic polarimetric radar
with stationary transmitters and receivers and moving targets.
This paper extends the model to an airborne multistatic polari-
metric radar scenario and considers multiple moving transmit-
ting and receiving platforms in addition to moving targets. The
formulation results in an expression for the received data that
may be coherently combined across receivers, represented in a
global coordinate system.

I. INTRODUCTION

Multistatic radar with distributed transmitters and/or re-
ceivers is capable of examining a target from multiple spatial
angles, possibly utilizing different waveforms and different
frequencies. Similarly, polarimetric radar can examine a target
with multiple transmit and/or receive polarizations, yielding
the potential to reconstruct the full scattering matrix of the
target. The scattering response of a target varies with aspect
angle, frequency, and polarization and therefore multistatic
polarimetric radar offers the potential to gain more information
about a target relative to single-polarization monostatic radar.

Related work within the area of multistatic radar data
modeling, detection, and imaging includes adaptive processing
for distributed aperture radar [1], [2], signal processing for
multistatic radar [3], multistatic imaging of a stationary scene
in a multipath environment [4], scalar mathematical modeling
and imaging of multistatic radar data [5]–[7], and polarimetric
modeling and imaging of multistatic radar data [8]. Additional
work in polarimetric radar data modeling with moving plat-
forms has considered stationary targets with monostatic active
sensors [9] and multistatic passive sensors [10]. This work
addresses multistatic polarimetric radar data modeling for an
airborne moving target indicator (MTI) scenario.

Prior work developed a vector radar data model and corre-
sponding imaging operations for multistatic polarimetric radar
with stationary transmitters and receivers and distributions
of non-interacting moving targets [8]. This work extends
[8] by formulating a full vector data model for multistatic
polarimetric radar with moving platforms and moving targets.
Specifically this work outlines the formulation of the data
model and results in an expression for data obtained at each
receiver that can be coherently processed across receivers,
represented in a global coordinate system.

II. MULTISTATIC SCENARIO

The multistatic scene consists of M transmitters indexed
m = 1, . . . ,M at position γT,m(s), N and receivers indexed

n = 1, . . . , N at position γR,n(s), where s is a coarse
time variable. The coarse time variable is used to define the
positions and velocities of transmitters and receivers relative
to the start of the interval of time during which data from
the bistatic pairs is coherently processed. The model assumes
that for the application of multistatic MTI and consistent
radar parameters, the positions and velocities of transmitters
and receivers can be defined once for the time interval of
coherently processed data. The moving target of interest is
located at position xa and has velocity va.

All antennas in the scene are modeled as long thin dipoles
of length 2L and diameter 2α. The data model utilizes a
target-centered backscatter alignment (BSA) convention global
coordinate system relating the mth transmitter at time s, nth

receiver at time s, and target. Each bistatic pair associated with
a target requires a unique coordinate system.

III. DATA MODEL

As in previous work, the electric field radiated from the
mth transmitter, denoted Et

m, is obtained by taking the far-
field portion of the frequency-domain electric field that arises
from the potential formulation of Maxwell’s equations and the
Green’s function solution to the wave equation. This far-field
portion is

Et
m(rT,m, ω, s) =− iωµ0

eik|rT,m|

4π|rT,m|
· (r̂T,m × (r̂T,m × F (kr̂T,m, ω))) (1)

where

FT,m(kr̂T,m, ω) =

∫
e−ikr̂T,m·r′

T,mJ(r′, ω)dr′T,m (2)

denotes the radiation vector, the spatial Fourier transform of
the frequency-domain current density J , and

rT,m = x− γT,m(s) (3)

where x is a location in space. As in [8], the frequency-
domain transmit waveform is included in the expression for
the radiation vector FT,m within the current density term. It is
possible that the transmit waveforms of the M transmitters will
not be synchronized in time or share the same pulse repetition
frequency, number of pulses, or pulse width. In this model it
is assumed that the interval of time for which the data from
all bistatic pairs will be coherently processed begins at time
s. Additionally, Sm(ω, s) defines the Fourier transform of a



time-domain signal that is transmitted from the mth transmit-
ter, begins at time s, and extends in time for the duration
of the common coherent processing interval among the M
transmitters. Coherent processing requires accurate position
and frequency information for all sensors in the system. If
these conditions cannot be met, then the data obtained at each
of the distributed receivers may be noncoherently processed
as discussed in [8].

The scattered electric field at position x from a moving
target at location xa is given by

Er
m (x, ω, s) =

eik|xa−x|

4π|xa − x|
[S]xa

Et
m

(
raT,m, ω, s

)
=iωµ0

eik(|ra
T,m|+|xa−x|)

(4π)2|raT,m||xa − x|
FT,m(ψT,m)

· ([S]xa p̂T,m) (4)

where
raT,m = xa − γT,m(s)

is the vector from the mth transmitter at time s to the ath target,
[S]xa

is the BSA convention scattering matrix of the ath target,
FT,m is the scalar radiation pattern of the mth transmitting
antenna, ψT,m is the angle between the vector defining the
antenna orientation and the vector from the antenna to the
target, and p̂T,m is the unit vector containing the horizontal
and vertical components of the antenna polarization in the
basis of the antenna.

The open circuit received voltage at the nth receiver due to
the ath target is

V r
mn(ω, s,xa,va) = E

r
m (γR,n(s), ω, s) ·(HR,n(ψR,n, ω)p̂R,n)

(5)
where HR,n is the scalar reception pattern of the nth receiving
antenna, ψR,n is the angle between the vector defining the
antenna orientation and the vector from the antenna to the
target, and p̂R,n is the unit vector containing the horizontal
and vertical components of the antenna polarization in the
basis of the antenna. [11], [12].

The motion of the moving target, transmitters, and receivers
included in expression (5) is modeled as in [8] by taking the
inverse Fourier transform of the scattered electric field Er

m

at position γR,n(s) to obtain an expression of the scattered
electric field in terms of a fast-time variable t, substituting
appropriate terms to account for the velocities of the movers in
the scene, and taking the Fourier transform of the expression
to again obtain a frequency-domain scattered electric field.
This primarily results in a Doppler shift βaωm where ωm is
the carrier frequency of the waveform transmitted by the mth

transmitter,

βa =
(va − vT,m(s)) · r̂aT,m + (va − vR,n(s)) · r̂aR,n

c0
, (6)

raR,n = xa − γR,n(s),

va is the velocity of the ath target, and vT,m(s) and vR,n(s)
are the velocities of the mth transmitter and nth receiver at
time s, respectively.

It is assumed that the signals received at the nth receiver and
originating from the m transmitters cannot be separated. The
total time-domain data obtained at the nth receiver correspond-
ing to the signal radiated from all transmitters and scattered
by a distribution of point-like targets ps(xa,va) is written in
terms of the time-domain received voltage as

dn(t) =

∫ ∑
m

vr
mn(t,xa,va)ps(xa,va) dxadva (7)

where the time-domain received voltage vr
mn is the inverse

Fourier transform of (5). Although the data model utilizes a
target-centered coordinate system to define angles and relative
positions of transmitters, receivers, and a target of interest,
the expression for the total received data is represented in a
global scene-centered coordinate system by defining positions
relative to a chosen origin, requiring only a simple distance-
and angle-preserving translation.

IV. CONCLUSION

This work develops a data model for multistatic polarimetric
radar with moving platforms and moving targets, consistent
with an airborne MTI scenario.
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