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Chapter

Spaceborne Video Synthetic
Aperture Radar (SAR): A New
Microwave Remote Sensing Mode
Jian Liang and Liang An

Abstract

The transient information like a ‘picture’ can be obtained by the traditional micro-
wave remote sensing system. It will bring some shortcomings for detection of the
moving targets and long-time monitoring of the variational scene over the region of
interest. As a new imaging mode, more and more scholars and agencies have focused
on the video Synthetic Aperture Radar (SAR) due to it can provide continuous sur-
veillance over the region of interest. The spaceborne video SAR has the corresponding
advantages over the spaceborne SAR image system and the optical video system. The
working principles, imaging algorithm, and application method of spaceborne video
SAR have been proposed in this chapter. First of all, a theoretical System of
spaceborne video SAR has been constructed. The operation and application mode
have also been defined. Some key performances have been discussed. To meet the
demand for video SAR applications, one imaging algorithm has been proposed for
dealing with the spaceborne video SAR data. Experiments on simulated data show that
the algorithm was effective.

Keywords: video SAR, working principles, imaging algorithm, moving target
detection, parameter estimation

1. Introduction

Video SAR (synthetic aperture radar) is a new imaging mode that can provide
continuous surveillance over a region of interest [1]. Compared with traditional SAR
imaging, the SAR image stream of spaceborne video SAR is acquired by rapid imaging
in a short time. Due to its dynamic information acquisition ability, video SAR is more
suitable for the observation of moving targets and time-varying scenes [2–8]. The
main work and contributions of this chapter are summarized as follows.

1.A theoretical system of spaceborne video SAR has been constructed. Based on the
traditional spaceborne SAR system, the concept of spaceborne video SAR was
introduced. The operation and application mode have also been defined. Some
key performances, such as resolution, duration of the different operation times,
and division method of the raw data have been discussed.
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2.To meet the demand for video SAR applications, such as high accuracy and
efficient computation. One imaging algorithm has been proposed for dealing
with the spaceborne video SAR data. The image formation algorithms can avoid
the duplication of processing, to improve the computation efficiency. Finally,
experiments on simulated data show that the proposed algorithms were
effective.

This chapter has broken through some key technologies in the construction and
application of spaceborne video SAR system. The research result can be used as advice
to build a spaceborne video SAR system.

2. The theory of spaceborne video SAR

2.1 SAR imaging

Synthetic aperture radar is a two-dimensional high-resolution imaging radar,
whose high resolution in the range direction is achieved by transmitting LFM signal
followed by matched filtering. The azimuth high resolution is achieved by using the
relative motion between the radar and the target to form an equivalent large aperture
[9, 10].

2.2 Spaceborne video SAR

Broadly speaking, video is generally defined as a number of linked images played
continuously at a certain frequency, which forms a moving image.

Narrowly defined video is generally used in movies or television, and refers to
continuous image changes of more than 24 frames per second, according to the
principle of visual transient, the human eye cannot distinguish a single static picture,
looks like a smooth continuous visual effect, such a continuous picture is also called
video.

The U.S. Defense Advanced Research Projects Agency (DARPA) has made a pre-
liminary definition of video SAR: the technology that can reflect a series of SAR
images of continuous changes of a target or scene displayed at a fixed frame rate is
called video SAR [6].

2.2.1 The operating mode of spaceborne video SAR

In the application of spaceborne video SAR, multiple SAR imaging of the same
scene is mainly realized, while the effective observation time is increased as much as
possible. For airborne platforms, circular-track SAR is generally used to realize long-
time observation of the scene, while for spaceborne platforms, the observation time
can be effectively extended through reasonable orbit design to realize video observa-
tion.

1.GEO Video SAR

GEO SAR satellites can form a near-circular satellite trajectory to the earth through
orbit design, providing the possibility of GEO circular-track video SAR, which can
effectively extend the observation time while realizing the gaze on fixed scenes.
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For geosynchronous orbit satellites, circular-track SAR for video imaging can be
achieved by making the sub-satellite point trajectory circular. The design method is to
control the north–south drift of the satellite to be equal to the east–west drift, the
north–south drift is determined by the orbit inclination, while the east–west drift is
determined by the eccentricity, and the ascending node determines the longitude of
the circle track center. Thus, the circle-trace video observation can be realized by a
reasonable orbit design. The sub-satellite point trajectory in the process of GEO
circular-track video observation was shown in Figure 1.

2.Spotlight video SAR

To prolong the video SAR imaging time, the low-orbit satellite video SAR can work in
the large-angle staring spotlight mode, in which the satellite uses the azimuth
direction large-angle sweep capability to achieve a long time observation of the
observation scene, and the conventional spotlight SAR improves the azimuthal
resolution by extending the observation time, while the video SAR can achieve
multiple imaging by reducing the azimuth resolution of a single image frame. Video
imaging can be achieved by reasonably segmenting the echo data throughout the
imaging time, and the geometric schematic of its imaging mode was shown in
Figure 2.

3.Sliding spotlight video SAR

In order to increase the azimuthal width of the video imaging scene, the video SAR
can also operate in sliding spotlight SAR, and the geometric schematic of its imaging

Figure 1.
GEOSAR satellite circular trajectory video SAR subsatellite point.
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mode was shown in Figure 3, in which the satellite uses its agile maneuvering
capability to perform sliding beam imaging of the observed scene, and then performs
attitude maneuvering after the first image is completed to complete the second frame
of video imaging, and repeats the imaging until it is beyond the satellite’s attitude
maneuvering capability or observable range, thus forming a video SAR image.

2.2.2 The applications of spaceborne video SAR

The spaceborne video SAR is actually a sequence of SAR images of the same target
area with high update frequency, and the applications based on video SAR images
mainly include the following aspects [11–13].

1.Multi-aspect observation of target

For the spaceborne video SAR, different video frames have different observation
aspects of the target, so different video frames can achieve multi-aspect observation of

Figure 2.
The geometric schematic of spotlight video SAR.

Figure 3.
The geometric schematic of sliding spotlight video SAR.
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the target, and the SAR images of the target under different observation aspects can
fully describe the characteristic information of the target, which is of great
significance to the target identification and confirmation.

2.Suppressing the coherent speckle of SAR images.

Coherence speckle refers to the subechoes of multiple scattering points superimposed
or eliminated with the same phase in certain resolution units, which makes dotted
bright or dark areas appear in SAR images. The traditional coherent speckle
suppression method uses multi-look processing to achieve the non-coherent
superposition of multi-look images. The effective suppression of coherent speckle can
also be achieved in video SAR products by non-coherent superposition of multi-frame
images.

3.Continuous monitoring of scenarios and targets [14–18]

The existing SAR moving target detection technology does not achieve continuous
video monitoring of hotspot areas, and the ATI or DPCA-based moving target
detection has the problems of minimum detection speed and blind speed, and the
estimation of target motion parameters also has the problem of ambiguity, which
brings greater challenges to the localization and imaging of moving targets. Video SAR
effectively extends the information in the time dimension, and the detection of
moving targets and estimation of motion parameters can be achieved by using the
change information between frames. The video SAR products after locating and
imaging moving targets can intuitively display the motion information such as
position, velocity, and motion trend of moving targets in stationary scenes.

2.2.3 Analysis of imaging duration of spaceborne video SAR

The imaging duration of the spaceborne video SAR is mainly constrained by the
following factors, and the minimum value of the video imaging duration determined
by these factors is the imaging duration of the spaceborne video SAR.

1.Incidence angle constraint

The variation of the incidence angle affects the ground range resolution, and the
incidence angle also affects the radar observation distance. In general, the
backscattering cross section decreases with the increase of the incidence angle. From
the perspective of energy return, the incidence angle should be chosen as small as
possible within the applicable range of scattering theory, but from the perspective of
application requirements, different application requirements require different
incidence angles. The difficulty of system implementation will increase after the
incidence angle is extended. Considering these factors, the constraint of incidence
angle needs to be satisfied in the process of spaceborne video SAR imaging.

2.The beam azimuth sweeping capability constraint

The imaging duration of spaceborne video SAR is also constrained by the beam
sweeping capability of the satellite. For phased-array antennas, the antenna gain
decreases seriously during the large-angle sweeping process, and the dispersion effect
will occur at the same time, resulting in the degradation of imaging quality, while the
reflector antenna has the characteristics of stable antenna pattern and high gain
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during the large-angle sweeping process. For the reflector antenna, the azimuth
sweeping capability is mainly limited by the maneuverability of the agile platform.
The sweeping capability determines the duration of the video imaging, and the larger
the sweeping angle, the longer the video imaging time within the incidence angle
meets the observation requirements.

3.Squint angle constraint

The coupling between range and azimuth direction is serious in the process of SAR
imaging processing when the squint angle is large, which brings difficulties to the
imaging processing, and the existing imaging processing algorithm has the maximum
squint angle limitation if a good focusing effect is to be achieved. Therefore, the
requirement of squint angle during imaging processing is also one of the constraints
on the duration of video SAR imaging.

3. Image formation algorithm of spaceborne video SAR

The main two modes of video SAR implementation by LEO satellites are spotlight
and sliding spotlight. Since there is no overlap of data between adjacent frames in
sliding spotlight mode, the imaging algorithm in this mode is the same as the traditional
imaging algorithm in sliding spotlight mode. In contrast, for the spotlight mode, there is
overlap between adjacent video frames, and to avoid repeated operations of overlapping
data, the imaging algorithm applicable to spaceborne video SAR needs to be studied. In
this section, a video SAR imaging algorithm is proposed for the key technical problems
to be solved in the process of video SAR imaging, and the simulation is verified.

3.1 Echo data segmentation method

Typically, the spaceborne radar is operated in the spotlight mode for an extended
period of time while taking video. The conventional spotlight SAR imaging mode
achieves the high azimuth resolution through lengthening the synthetic time, while in
the video mode the spotlight raw data was divided into pieces to form the video frames.
The image geometrical mode of spaceborne video SAR based on equivalent squint range
mode was shown in Figure 4, in which Ls is the distance the radar moves throughout
the video imaging progress. β is the largest synthetic angle, ls is the distance the radar
moves of a video frame. θi is the synthetic angle of a video frame, while θci is the squint
angle of the video frame. The equivalent velocity of the radar is vr.

The Doppler bandwidth of the ith video frame can be expressed as follows.

Bai ¼ fdb � fda (1)

Where fda and fdb are the Doppler frequency at the start and end time of the ith
video frame.

fda ¼ �
2vr cos θci �

θi
2

� �

λ
(2)

fdb ¼ �
2vr cos θci þ

θi
2

� �

λ
(3)
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The Doppler bandwidth of the ith video frame can be presented as follows.

Bai ¼ fdb � fda≈
2vrθi sinφci

λ
(4)

The azimuth resolution can be expressed as follows.

ρai ¼
vg
Bai

¼
λvg

2vrθi sinφci

(5)

Then the distance the radar moves of the ith video frame can be derived as
follows.

Li ¼
λvgR0

2vrρai sin
3φci

¼
λvg R2

0 þ v2r t
2
i

� �3=2

2vrρaiR
2
0

(6)

Where ti is the middle time of the ith video frame.
In video SAR the synthetic aperture time to achieve the desired azimuth resolution

typically exceed the frame period. As a result, there can be a significant overlap in the
collected phase history used to form consecutive images in the video. Figure 5

Figure 4.
The image geometrical mode of spaceborne video SAR.

Figure 5.
The overlap between adjacent frames of video SAR.
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illustrates the overlap between adjacent frames of video SAR, where Li is the synthetic
aperture length of the ith video frame, CL is the overlap length of the adjacent frames.
ΔL is the distance between adjacent frames.

The overlap length of the adjacent frames can be presented as follows.

CL ¼
Li

2
þ

Li�1

2
� ΔL

� �

¼
Li þ Li�1ð Þ

2
� ΔL (7)

Then the overlap rate can be expressed as follows.

αi ¼
1

2
þ
λvg R2

0 þ v2r ti � Tfð Þ2
� �3=2

� 2Tfv
2
rR

2
0ρai

2λvg R2
0 þ v2r t

2
i

� �3=2
(8)

3.2 Spaceborne video SAR imaging based on BP algorithm

In the spaceborne video SAR system, the low-orbit satellite works in the spotlight
mode, the video imaging is realized through the reasonable segmentation of the echo
data, and the key technical problems to be solved in the spaceborne video SAR
imaging mainly include as follows [19–26].

1.Large squint angle problem of some data frames

Since the LEO satellite works in the spotlight mode, some data frames have large
squint angles, and there are serious range-azimuth coupling and range cell migration,
which will lead to serious degradation of image quality by the traditional
approximation method.

2.Data overlap of adjacent video frames

From the above analysis, it can be seen that in the spaceborne video SAR, since the
synthetic aperture time is larger than the frame period, there is a large overlap of data
between adjacent frames, and processing each frame individually will lead to repeated
operations of overlapping data between adjacent frames, which will greatly reduce the
operation efficiency.

3.Real-time problem

The spaceborne video SAR imaging needs to provide real-time or quasi-real-time
video frame images, which requires the algorithm to have high computing efficiency,
and the possibility of parallel computing needs to be explored based on the application
of advanced computing hardware equipment.

A fast BP (Back-Projection) algorithm, which can be implemented in parallel, is
proposed to address the imaging characteristics of space-based video SAR and the
key technical problems to be solved. As an accurate time-domain algorithm, the
BP algorithm avoids the geometric approximation, so it can well solve the problems
of imaging under a complex distance model and the serious coupling between
range and azimuth direction in the case of large squint angle in spaceborne video
SAR [27].
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In the application of the BP algorithm, the azimuth resolution increases with the
increase of coherent cumulative pulse number, so the spaceborne video SAR imaging
based on the BP algorithm can effectively avoid the repetitive operation of
overlapping data of adjacent frames. The current frame can be imaged with the
operation result of overlapping data of the previous frame, thus effectively improving
the operation efficiency. At the same time, the sub-aperture division can further
improve the operation speed of the BP algorithm, and the sub-aperture based
processing can also realize parallel computing, which can effectively ensure the
real-time or quasi-real-time output of video SAR images.

The process of spaceborne video SAR imaging based on the BP algorithm is
shown in Figure 6, firstly, the echo signal is divided into several sub-apertures, and
in order to achieve avoiding repeated operations through sub-aperture superposition,
the frame period is required to be an integer multiple of the sub-aperture length,
if the synthetic aperture length of a single video frame is L, and it is divided into N
sub-apertures, the length of each sub-aperture is Lsub ¼ L=N. The imaging of each
sub-aperture can be calculated in parallel to the image of each sub-aperture can be
computed in parallel to generate a low-resolution image, and finally, the full-
resolution image of a single frame can be obtained by sub-aperture synthesis.

The range pulse compression signal in a single sub-aperture is as follows.

sBM ijð Þ τ, ηð Þ ¼ sB0 ijð Þ τ, ηð Þ⊗ s ∗B0 ijð Þ Τc ijð Þ � τ
� �

, η
� 	

(9)

Where τ is the range time, η is the azimuth time, Τc ijð Þ is the time delay of the

reference point, since the echo time delay is difficult to coincide with the sampling
point, the distance to the pulse compressed signal should be interpolated, and the
interpolated signal is as follows.

SBUM ijð Þ t, ηð Þ ¼
X

t�nΔτj j≤Ns

sBM ijð Þ nΔτ, ηð Þhw t� nΔτð Þ (10)

Where τ ¼ nΔτ is the sampling point before interpolation, 2Ns is the length of
interpolation kernel, hw tð Þ is the interpolation kernel function after window sharpen-
ing. Since the processed echo data has been demodulated, the echo phase compensa-
tion is needed to achieve coherent accumulation, and the result after the echo phase
compensation is as follows.

SBCUM ijð Þ t, ηð Þ ¼ SBUM ijð Þ t, ηð Þ exp j2πf ct
� �

(11)

Figure 6.
Flow diagram of one frame SAR image formation.
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The time delay between the target point and each radar position within the sub-
aperture is as follows.

tij nΔηð Þ ¼ Rbi ijð Þ nΔηð Þ=c (12)

Where η ¼ nΔη is the azimuth sampling point, then the imaging result of the target
Pij in the kth sub-aperture is as follows.

f kB ijð Þ αi, δj
� �

¼
X

S

n¼R

SBCUM ijð Þ tij nΔηð Þ, nΔη
� 	

(13)

Where RΔη is the starting time of the kth sub-aperture echo data, and SΔη is the
end time of the kth sub-aperture echo data, At this point, the low-resolution imaging

result for the kth sub-aperture f kB α, δð Þ is obtained by traversing each grid in the scene.
In the imaging process, the sub-apertures are calculated in parallel, which can

effectively improve the computing efficiency. Finally, the low-resolution images of
sub-apertures are coherently added to obtain the full-resolution image of the ith video
frame as follows.

Fi α, δð Þ ¼
X

N

k¼1

f kB α, δð Þ (14)

3.3 Simulation

To validate the video SAR algorithm, a point target simulation is carried out based
on the parameters in Table 1.

The scene size is 2� 2km. There are 25 point targets in the simulated scene, the
initial moment is arranged uniformly by 5 � 5, the first and fifth columns and the first
and fifth rows of the point targets are stationary, and the coordinates of the target in
the center of the scene are assumed to be (0, 0). The motion parameters of the
remaining targets are shown in Table 2.

Parameters Values

Earth Radius (km) 6378

Orbital Eccentricity 0

Orbital Inclination (°) 20

Orbital Height (km) 567

Longitude of Ascending Node (°) 300

Radar Center Frequency (GHz) 9.6

Transmitted Pulse Duration (us) 30

Transmitted Signal Bandwidth (MHz) 150

Azimuth Resolution (m) 1

Video Frame Rate (Hz) 5

Table 1.
Parameters for simulation.
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目标 坐标 vr/(km�h�1) ar/(km�h�2) va/(km�h�1) aa/(km�h�2)

S 2, 2ð Þ �0:5, 0:5ð Þ �15 0 0 0

S 2, 3ð Þ 0, 0:5ð Þ �10 0 0 0

S 2, 4ð Þ 0:5, 0:5ð Þ 0 0 0 50

S 3, 2ð Þ �0:5, 0ð Þ 0 0 120 0

S 3, 3ð Þ 0, 0ð Þ 0 0 200 0

S 3, 4ð Þ 0:5, 0ð Þ 0 �5 0 0

S 4, 2ð Þ �0:5,�0:5ð Þ 15 0 120 0

S 4, 3ð Þ 0,�0:5ð Þ 10 0 200 0

S 4, 4ð Þ 0:5,�0:5ð Þ 0 �5 0 50

Table 2.
Motion parameters of moving targets.

Figure 7.
Image formation result of spaceborne video SAR. (a) Stationary target imaging results (b) The first frame of the
video SAR (c) The 10th frame of the video SAR (d) The 18th frame of the video SAR.
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The results of spaceborne video SAR simulation are shown in Figure 7 with a frame
rate of 5 Hz, where Figure 7(a) shows the imaging results of 25 points when the target
is stationary in the initial state, and it can be seen that the target achieves a good
focusing effect at each point when the target is stationary. Figure 7(b) shows the
imaging results of the 1st frame of the spaceborne video SAR, and the comparison of
the imaging results of S 2, 2ð Þ, S 2, 3ð Þ and S 2, 4ð Þ show that the larger the velocity in the
range direction, the larger the offset of the azimuth direction of the target, and the
velocity in the range direction and the acceleration in the azimuth direction have less
influence on the azimuth spreading of the target. The comparison of the imaging
results of S 3, 2ð Þ, S 3, 3ð Þ and S 3, 4ð Þ show that the larger the azimuth velocity of the
target, the more serious the azimuth spread of the target, and the range acceleration is
also the main cause of the azimuth spread of the target. From the imaging results of
S 4, 2ð Þ, S 4, 3ð Þ and S 4, 4ð Þ, it can be seen that when the target has both azimuth
velocity, range velocity and range acceleration, the azimuth image of the target is both
shifted and defocused. Figure 7(c) and (d) show the imaging results of frame 10 and
frame 18 of the spaceborne video SAR respectively. From the imaging results of S 2, 4ð Þ,
S 3, 4ð Þ and S 4, 4ð Þ, it can be seen that the azimuth velocity and range velocity of the
three targets gradually become larger and the azimuth spreading and shifting become
larger as the time increases. It can be seen that the imaging results of spaceborne video
SAR correctly reflect the motion information of the targets, which can provide the
basis for the subsequent motion target detection, motion parameter estimation and
repositioning and imaging of the moving targets based on SAR video.

4. Conclusions

In this chapter, a general definition of spaceborne video SAR is given first, and
three operating modes and possible application directions of spaceborne video SAR
are proposed for the demand of long-time observation. The imaging duration of
spaceborne video SAR is mainly affected by the incidence angle, azimuth sweeping
capability and the maximum squint angle allowed by the imaging process. The analy-
sis shows that for low-orbit satellites, the angle of incidence is the main factor limiting
the duration of video SAR. Then a parallel computable video SAR imaging algorithm
based on sub-aperture division is proposed for the three types of key technical prob-
lems to be solved in spaceborne video SAR imaging, and computer simulation is
conducted to verify the results. The simulation results show that the video imaging
results correctly reflect the motion of the target and can provide the basis for the
motion target detection, parameter estimation, and repositioning and imaging based
on SAR video. The research results of this chapter can provide suggestions and refer-
ences for the construction and application of future spaceborne video SAR systems.
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