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Spaceborne SAR Attitude Steering Method
for Smart Imaging mode

Wei Yang, Xiao-CongMa, Wei Liu, Jie Chen*

The current spaceborne synthetic aperture radar (SAR) systems are

operated to illuminate the scene along the satellite gflydirection
However, in many cases, the interested areas are not paralled to th
flying direction, so an innovative smart imaging mode isuaed,
which can be employed for illuminating scene along a givettibn.
In this paper, a novel three-axis attitude steering mathpposed for
smart imaging mode. First, mathematical model of the attitudersiee
is built by considering the restrictive conditions of zeroppler
centroid requirement and the position of interested area. Tdren,
iterative optimization algorithm is designed to calculate tireetaxis
steering angles. Finally, experiment results using the isatedol kit
(STK) tool validate the proposed methods well, especialthé case of
coastline imaging.

Introduction: Statef-the-art spaceborne SAR systems have the
capability of operating in different imaging modes, such agstap,
ScanSAR, spotlight, Terrain Observation by ProgvesScans (TOPS),
and sliding spotlight [1-2]. However, all of the aging modes
illuminate the scene along the satellite flyingediion. It means that if
the interested area is not along the flying dimtctimore SAR
observations from different satellite orbits afeliént times are required
which will take a long time to cover the interestega The ScanSAR
or TOPS mode can be employed to mitigate this prolidgrenlarging
the range-swath coverage, but at the cost of résnl{3]. Therefore,
the smart imaging mode is required, which can beleyed for
illuminating the scene along a given direction piementing three-
axis attitude steeringn current spaceborne SAR systems, the main
purpose of attitude steering is to minimize the plep centroid
frequency, such as the one-axis (yaw) steering rdettii the circular
orbit assumption [4], and the two-axis (yaw andlpjitsteering method
by taking the eccentricity into consideration [5].

In this letter a novel attitude steering methizproposed for the smart
imaging mode with three-axis (yaw, pitch and rafeering. The
mathematical model of attitude steering is firstivded by considering
the restrictive conditiomof zero Doppler centroid requirement and the
position of interested area, followed by the optiation algorithm for
three-axis steering; finally, experiments are penfed to validate the
proposed method.

Steering Model: There are two conditions for reafizthe smart
imaging mode. The first one is that the sensor Ishdluminate the

scene along a required direction determined by dbetrol points

located in the interested area. Since the satglliddform is discretely
steered, we can obtaiN anteanabeam-pointing footprints on the
surface during the wholeobservation timeWe define the sum of
distances between the footprints and the linegediary thatgoes

through the control points as follows:

D(ey,ap,ar):idk(ay,ep,er) @)

where d, is the distance between thettk-footprint and the linear
trajectory N is the total number of steering footprint}, and 6, are

theyaw steering angleand pitch steering angle, respectively, is the
roll steering angle, given by

6 =At-w -k )
where At is the time interval of attitude steerjng, is the angular rate.
For illuminating the scene along the required dioe; the minimum
value of D(ey,ep,e,) should be satisfied.

The second condition is the requirement of zero fddap centroid
which has significant benefits for image formati@. The Doppler
centroid is given by

2R(6,.6,.6,)-R(6,.6,6,)
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where A is the wavelengthR= R— Rr with the position vector of
satellite Rs and that of antenna-beam-pointing footpriRt , R' is

the derivative ofR , and R is the modulus ofR .
So, the problem is transformeito a joint parameter estimation
problem formulated as follows

(6,6, 9,):(9:13 D(6,.0, 6, @

Optimized Algorithm Theoretically the problem in (% has infinite
number of solutions. However, a special solutiogii®en by adopting

the following 6, [5]

gp = aco M (5)
1/1+ € + 2ecosf
where e is the eccentricity, ang? is the true anomaly(5) hasan

explicit physical meaning, which is used to accordate the effecon
Doppler centroid caused by the elliptical orbit.

Analysing (1) and (3), the key point is to calcal® by

Ri(6,.6,.0.)=AA[0 R " +R(6,6,0,) (6)
with matricesA and A given by
COS(Hy) 0 - Sir(Hy) 1 0 0

A=| 0 1 0 |0 co$6,-6) - sif6,-6,)| (7)
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where ¢, is the elevation angleQ is the right ascension of ascending
node (RAAN), ¢ is the Greenwich hour angled is the orbit

inclination angle ®@ is the argument of perigee.
Then, dimension-reduced operation is employed byividg the
relationship of yaw steering angle and roll steggangle as follows:

a-sin’6,+a,-sing,+ 3= 0 9)
with &, a, and a, given by
a=(|R]

8, =2:(|R{sing,—¢|R| sim, cos, cos,)-(¢[R| ods cas i) (11)
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where 6, =6,-6, =0,—At-w,-k, £ is the earths rotation velocity.

Since the yaw steering angle can be representetthebyoll steering
angle, the problem is further transforméuto searching for the
optimum solution ofw, . Because there is no analytical solution for (4),

an optimization method, based on the idea of the esetipl similarity
detection algorithm (SSDA) [7is proposed to find the optimum value.
The basic idea of SSDA is based on the accumuletest analysis

which corresponds th(Hy,ep,H,) in this letter. As for a wrong value
for w, , the accumulated err@® increases rapidly wittk , resulting in
exceeding the threshold valug, only by adding a few values f, .
So, it is not neeetl to calculate all the values af , which improves

processig efficiency significantly. On the contrary, the accumulated
error increases slowly w.r.t the optimum valueepf.



Algorithm Implementation: The SSDA algorithm (désacan be found
in [7]) is applied to obtain the optimum resdrhe flow chart is shown
in Fig. 1, and the det&iti steps are given below:

Step 1: Determine the iteration stg, and the threshold valuB, .
Step 2: Start the iteration with the initializatiohiteration indexk and
@, .
Step 3: Givenk, calculate the correspondirgy, ¢, and 6, by (2), (5)
and (9), respectively.

Step 4: Substituting 6, , Hp and Qy into (6), calculate Ry , the
caresponding distance, and theaccumulated erro® .

Step 5: Compar® with D, : if © is larger thanD,, return to Stef2
to start a new iteration by modifyings, with o =, +Aw®, ;
otherwise, compard with N :if k is smaller thanN , return to Step
3 to continue the iteration by changihg with k=k+1; otherwise

calculateD, (6,.6,.6,) .

Step 6: Compar®, (,.6,.6,) with D_,(6,.6,.6,): if D(6,.6,.6,)
is larger, return to Step 2; otherwise, end thaiien.

< Initialize: Aw, andD, >

<
iy
o, =0, +Aw,

< Initialize: i , k andw, >
¢ i=i+1

Calculate:
< Calculatey, 4, aney> k:f) . ( alculate:D, (Gyﬂpﬂr) )
i Yes @I
( Calculate:R; d, an@)

No
©>D,

Yes < End >

Fig. 1 Flow chart of the proposed method.

Experimental results and discussipiibe proposed methasd validated
in combination with the STK tool, with parametasidd in TABLE |I.
TABLE | Experimental paramete

Parameters Values
Eccentricity 0.0011
Right ascension of ascending noded 50.0
Orbit inclination angledeg 97
Argument of perigeedeg 90
Semi-major axis /km 700.323
Interval of attitude steeringg 0.1
Iteration stepdeds 1.0e-3
Elevation fleg 30

The coastline of Hainan province, China, is setbetethe experimental
scene, as shown in Fig. Since the coastline is sinuous and not in
parallel to the flying direction, it is hard toutinate the coastline in
one time using the existing imaging modes, as roeat at the
beginning.
Using the smart imaging mode by the proposed dé#isteering method
first, two linear trajectories are used to fit $iauous coastline, which
are determined by the given control points P2, and RB; then, the
smart imaging mode is performed for each linegedtary by three-
axis steering. The performance comparison restétstzown in TABLE
Il

TABLE Il Performance comparison results

Mode Resolutiodrm  Observation Times Roll rate/ deg/s
Stripmap 3 3 0
Scan or TOPS 15 1 0
Smart 3 1 -0.067/0.634

Theilluminating trajectories by the stripmap mode dhe smart mode
are illustrated in Fig. 2(a) using the STK toaind the three-axis
steering results corresponding to smart mode aersim Fig. 2(b)~(d).
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Fig. 2 Experimental results: Jalluminating trajectories by stripmap
mode (green color), and smart mode (blue color); yébw steering
results; (c) pitch steering results; (d) roll stegresults.

Conclusions A novel attitude steering method has been proposed fo
operating in the smart imaging mode, which overcothe limitation of
illuminating direction and improves the flexibilitpf observation
without resolution losBased on the required illuminating directiarda
zero Doppler centroid, the three-axis steering rhodas firsty
provided In order to obtain the required solutjoa dimension-
reduction operation was employed by deriving tHati@nship between
the yaw and roll steering angles. Then, the ide8IIDA algorithm was
applied to estimate the three-axis steering an@l®gperimental results
have shown that the proposed method can solverthtéepn effectively.
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