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Abstract:

This paper studies the dual stripmap imaging program of the airborne SAR which carries a circular scanning an-

tenna system that has the ability to map both sides of the radar’s flight path. This imaging mode is developed from the circu-
lar-scanning mode, which effectively improves the image size and the imaging efficiency. The basic imaging procedure is firstly

analyzed, then the implementation as well as the rules of choosing the system parameters to fulfill the image resolution and the

seamless mosaicing requirements are presented, while considering the actual motion conditions of the radar platform. The

point-target simulation and live data processing results of one real system are given to show the validity of the proposed imaging

methodology.
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1 INTRODUCTION

Synthetic aperture radar (SAR) with the capabilities of
all-weather, day and night, and long distance imaging, is widely
used in the Earth’s surface mapping, resource exploration and
other fields. Achieving multi-mode high-resolution imaging is
one of SAR development directions. In the classic stripmap
mode, the spotlight mode and the scanning mode (Ian & Frank,
2007; Carrara & Goodman, 1995), the imaging area locates on
the single side of radar flight path. For the circular-scanning
SAR (Li et al., 2008; Li et al., 2002) (Fig.1), the both side of
the flight path can be illuminated synchronously by steering the
radar antenna to rotate continuously around with the vertical
axes pointing to the Earth surface. However, the circu-
lar-scanning SAR system does have insuperable disadvantages.
Firstly, with the scanning of radar beam, the increasing of
squint angle leads to a lower utilization rate of synthetic aper-
ture and thus a lower azimuth resolution. Secondly, the image
formation becomes difficult where the beam pointing the for-
ward or backward directions due to the serious coupling of the
range and azimuthal signals (Mao et al., 2008). Therefore, the
effective information of circular-scanning SAR image is mostly
concentrated at the broad sides of stripmap. The focused proc-
essing where the radar beam pointing to the forward or back-
ward not only costs actra hardware resources and computing
time, but also can not provide us the desirable results.

Received: 2009-06-05; Accepted: 2009-11-03

e o

Flight path

Imaging region

Fig. 1 Sketch map of circular scanning SAR

Thus, one kind of dual stripmap SAR imaging algorithm is
studied in this paper (Fig.2). This model is based on circu-
lar-scanning SAR system, which satisfies wide imaging area
and high resolution requirements as well as the improved im-
aging efficiency. By introducing additional geometric correc-
tion and image mosaic prosessing, it can achieve some new
capabilities rather than other systems. The model makes up for
the shortage of single stripmap SAR in some special stations. It
may improve the guidance precision of all kinds of airborne
weapons combined with a circular-scanning SAR. In this paper,
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the implementation steps and the design requirements of the
system parameters for dual stripmap SAR imaging are analyzed
detailedly. Finally, the simulation and live data processing results
are given to verify the validity of the imaging algorithm.

Left stripmap

First circle Second circle Third circle

Right stripmap

Fig.2 Sketch map of dual stripmap SAR

2 ANALYSIS OF DUAL STRIPMAP IMAGING
ALGORITHM

The processing block diagram of dual stripmap SAR imag-
ing is shown in Fig.3. As the platform moves, the radar antenna
system transmits signals while rotating with the vertical axis
with the same inclination angle, and then receives the echo. The
system processes the echo from both sides of platform and then
produces the subimages. Subimages are mosaicked after geo-
metric distortion correction into the sector image during the
circular scanning period. With the sector image generated and
mosaicked unceasingly, dual stripmap image is obtained.

2.1 Imaging geometry model

It is convenient for the following discussion by define t=0
when the radar beam points to the scene center (Point O), which
along with the instantaneous squint angel ¢ in the slant plane
and (1) in XOY determines the aperture center (Point C) of the

Geometric

Subi distorti Subimage Sector
Burst data ubimage | CISIOrIon = mosaicking image 1
correction

Sector image
mosaicing

antenna phase center (APC).
Dual stripmap
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Next scanning cycle

Fig.3 Processing block diagram of dual stripmap SAR Imaging

As depicted in Fig.4, the radar antenna rotates at a constant
rate by (. Provided that £, and /4 is the two-way azimuth and
range beamwidth respectively. The size of radar antenna foot-
print denoted approximately as the circular sector can be calcu-
lated as

ry=Htang

r, = H tan(¢ - %)

n=H tan(¢+%) &
~Pa
Pa sing

where H is the flying height, ¢ is the incidence angle, ¢, is the
center angle of the sector, ry is the central radius, r; and r, is
respectively the lower and upper limit radius. Furthermore, the

Beam footprint

Fig. 4 Circular-scanning SAR data collecting geometry

3-D instantaneous position of the APC, i.e.[x(t), y(t), z(t)], is
expressed as

X(t) = X(0) —v,t

y(®=y(0) (@)

z(t)=H
where t is the slow time in azimuth, [X(0), y(0), H] is the 3-D
position of the APC at the aperture center C. The 3-D instanta-
neous position of the point O, i.e. [Xu(t), Yor(t), Zof(t)], is ex-
pressed as

Xof (1) = X(t) + Iy cos (1)
Yot (1) = y(t) + Fy sin O(t) 3
Zof =0

where G(t)=6—t is the instantaneous scanning angle of ra-

dar antenna.

2.2 Subimage imaging

In this paper, the linear range Doppler (LRD) algorithm is
used, which meets the imaging requirements in high squint
mode and large flexibility of radar platform. LRD algorithm is
based on turntable imaging principle. Due to real-time and low
computational complexity, it is suitable for engineering appli-
cation.

The transmitted signal by the radar is
p(z) = m(r)cos[Zn%r + nTETZ} )

After demodulation, the baseband received radar echo signal
can be formulated by a 2-D function as
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2
S(t,r):G(t)m[r—zr—(t)jexp an(r—zr—(t)] exp[—j@r(t)} %)
c T c A
where
TT, . . . . .
TE [_E’E] is the range fast time, T is pulse duration, t is

the azimuth slow time, C is the light speed, G(t) is the beam

pattern, m(r) = rect(%) . After range compression, the signal is

s(t,r) = G(t)sinc{nB[r - imj}exp[—j‘z[ r(t)} (6)

r(t) consists of two part,
radar APC and turntable center after motion compensation,

the first part r, is the distance of

which is constant and has no effect on the imaging. ry(t) is the
rotational component, and also is very important for the imag-
ing. But in the forward squint imaging mode, I, is the instanta-
neous distance of radar APC and imaging center, which can be
expressed as Io(t). (Xp, ¥p) is the distance of objective point re-
lated to imaging center, which doesn’t change over time and
has nothing to do with the airborne movement. rq(t) is
translation component of the radar APC related to imaging area
center. Eq. (6) can be expressed:

s(t,7) = G(t)sinc{nB{T _z(%(t)w(t))}} 5

c

exp[—j“;"(ro(t)ﬂp(t»} o

So the signal after range compression and motion compensation

as

s(t,7) = G(t)sinc{nB{r b (t))}}exp[— jﬂ o (t)} ®)
c A

Finally, focused image is made.
The maximum radius of imaging region is limited as

200 , ,
lax < % , pis the image resolution. The LRD algorithm can

get fine focused image, which provides a guarantee for the
geometric distortion correction.

2.3 Geometric distortion correction

Due to the aforementioned geometric distortions, the fol-
lowing mosaicing processing is often unfeasible. The geometric
distortion correction has to be carried out on the basis of
point-by-point (Li et al., 2009; Ausherman & Kozma, 1984;
Franceschetti & Perna, 2006a, 2006b). In Fig.5, we can see the
imaging after geometric distortion correction for different squint
angles. From Fig.6, the procedure about geometric distortion
correction is described specifically as follows:

Step 1: The correction grid is firstly set in XOY paralleled to
the X and Y axis. The sampling interval of neighboring correction
points is AXx=Py and Ay=Py, where Py and Py are equal to the
2-D pixel spacing in the resultant image.

Step 2: Calculate the 2-D position for each correction point
in the subimage

Step 3: 2-D interpolation is employed in the real subimage
domain to finish the correction. Fortunately, the removal of

(2)

()

Fig. 5 Imaging after geometric distortion correction for different squint angles

(a) Before the geometric distortion correction; (b) After the geometric distortion correction

(The squint angles correspond for 85°, 46° and 2°, respectively.)
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Fig. 6 Signal processing flowchart of the proposed system

phase term effectively reduces the computation burden.

3 DESIGN OF SYSTEM PARAMETER

The dual stripmap image aforementioned is obtained
through a high-quality seamless mosaicing processing. To
achieve this aim, the system parameters designment must be
considered. The image resolution is firstly analyzed, because it
is one of the most important system parameters. Then, other
system performance parameters are discussed.

3.1 Range resolution and azimuth resolution

Since the sector image in the dual stripmap mode is mo-
saicked by many subimages, the resolution of subimage deter-
mines the resolution of sector image.

The radar transmits linear frequency modulation signal and
realizes high resolution by pulse compression. The range reso-
lution of subimage depends on the signal bandwidth, that is

-
2B
where C is velocity of light and B is the signal bandwidth.

Pr )

It has been presented that the spotlight SAR image forma-
tion process can be beneficially extended to the stripmap mode
followed with image mosaicing. So the azimuth resolution depends
on the corner and squint angle from Eq. (10) and Eq. (11). The
relationship of subimage azimuth resolution and squint angle is
expressed in Fig.7. According to Fig.7, € closes to 0°, the azi-
muth resolution is good, and vice versa.

A
= 10
Pa 2A8cos b (10)
and
vysing
AQ =%
\CO| sub
(11)
vy -CO
& =arccos———
[vy [x|CO|
where
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A is the wavelength;

6, is the squint angle;

A@is the angle through which the target is viewed during the
coherent processing;

Vy is the velocity of the platform;

|CO| is the distance between the APC and the imaging scene

center;

N . . .
Tab = sub g the sub-aperture time, N, is the number of
PRF
the pulses in subimaging, PRF is pulse repetition rate;

Therefore, subimage azimuth resolution ranges from ﬁ

A
o — 2~
2A8cosb,

max

, Gnax 1s the maximum squint angle of sector

imaging area relative to airborne platform.

20_ /

/

Azimuth resolution/m
=
I
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Fig. 7 Relationship curve of azimuth resolution angle

3.2 Antenna scanning speed and effective scanning
angle

Effective angle is the central angle of sector imaging region
in circular-scanning mode. If system parameters are designed
illogically, the dual stripmap image will be discontinuous. On
the one hand, the rotation rate and effective angle should be
designed according with the resolution requirement to realize
the seamless mosaicing between subimages.

If the dual stripmap image does not have the scene interrupt,
radar movement distance Lg in a circular-scanning time should
not be longer than the length of the imaging area S. When Lg
equals to S, the repeated part in a dual stripmap image mosaicked
by two sector images is the smallest. S should be the maximum
distance between the X coordinate of the lower limit radius of
sector imaging region. [Xy(t), Y (t), O] is the 3-D position of
ground projection of the lower limit radius.

{Xrl(t) = X(t) + r(t)cos G, (t) a2
Yr1(t) = y(©) + r(t)sin &, (t)
In Fig.8, S=Xy—Xa, S=V(tp—ta)+2ricose, L=V, T, t —t, =T x 186:)0 )

If the stripmap images have non-mosaicing gap, the following
condition should be met:

Beam footprint

Sector imaging
region

Beam footprint

Fig. 8 Formation of imaging region according to and squint the sys-
tem parameters

rlsin,ﬁ’évxxM

(13)

4 SIMULATION AND LIVE DATA PROCESSING
RESULTS

In this part, to validate this new image mode, simulation re-
sults were given in Fig. 9. The main simulation parameters are
listed in Table 1. Real data processing results and optical image
that are taken from the same scene also evaluate the perform-
ance of dual stripmap imaging algorithm. Fig.10 shows some
subimages before the image mosaicing.

Fig. 11 is the processing result of real data collected by an
airborne circular-scanning SAR system. Fig.12 is the optical
image of the same area. The Fig.9 and Fig.11 have correct
geometric distribution, non-mosaicing slit and natural imaging
transition. Comparing the two images, it can be concluded that
the image formation algorithm can be used for general dual
stripmap constellations and offers the high performance for the

mosaicing procedure.

Fig. 9 Point objectives simulation result



686 Journal of Remote Sensing & & F3R 2010, 14(4)

Table 1 System parameters

Parameter Value
Center frequency X band
Imaging height 5000m
Azimuth beamwidth 3.8°
Range beamwidth 20°
Signal bandwidth 60MHz
Sensor velocity 140m/s
PRF 3000Hz
Antenna rotation rate 50°/s
Effective angle 60°
Image resolution 3mx3m

Fig. 12 Optical image of the same area

5 CONCLUSION

The dual stripmap imaging mode is based on circular scan-
ning imaging mode, which is a newly developed imaging mode.
It has complex process flow. According to the system parameters
proposed by this paper, the dual stripmap image is obtained by
mosaicing sector images after geometric distortion correction.
An evaluation using point-target simulation and the processing
results of live SAR data are provided. Their performances suc-
cessfully demonstrate the validity of the proposed method.
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