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Abstract—Triangular trihedral corner reflector (CR) has been
widely used as point target for synthetic aperture radar (SAR)
calibration and image quality assessment. The additional “tip” of the
triangular plate does not contribute to the reflector’s theoretical RCS
and if it interacts with a perfectly reflecting ground plane, it will yield
an increase of RCS at the radar bore-sight and decrease the accuracy of
SAR calibration and image quality assessment. Regarding this
problem, two types of CRs were manufactured. One was the hexagonal
trihedral CR. It is a self-illuminating CR with relatively small plate
edge length, while large edge length usually introduces unexpected
edge diffraction error. The other was the triangular trihedral CR with
extended bottom plate which considers the effect of ‘tip” into the total
RCS. In order to assess the performance of the two types of new CRs,
flight campaign over the National Calibration and Validation Site for
High Resolution Remote Sensors was carried out. Six hexagonal
trihedral CRs and two bottom-extended trihedral CRs, as well as
several traditional triangular trihedral CRs, were deployed.
KOMPSAT-5 X-band SAR image was acquired for the performance
analysis of the hexagonal trihedral CRs. C-band airborne SAR images
were acquired for the performance analysis of the bottom-extended
trihedral CRs. The analysis results showed that the impulse response
function of both the hexagonal trihedral CRs and bottom-extended
trihedral CRs were much closer to the ideal sinc-function than the
traditional triangular trihedral CRs. The flight campaign results
validated the advantages of new types of CRs and they might be useful
in the future SAR calibration mission.

Keywords—Synthetic Aperture Radar, calibration, corner
reflector, KOMPSAT-5.

1. INTRODUCTION

YNTHETIC Aperture Radar (SAR) calibration is
becoming much important than ever before due to the
increasing image resolution and demand of quantitative remote
sensing applications [1]. The trihedral CR is one of the most
important  types of reference targets for SAR
radiometric/geometric  calibration and image quality
assessment [2], [3].
The geometry of the reflection plate of the trihedral CR is
traditionally chosen to be triangular. The additional “tip” of the
triangular plate has no contribution to the reflector’s theoretical
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radar cross-section (RCS) and thus if it interacts with a
perfectly reflecting ground plane, it will influence the
backscatterering signal of the CR and make the SAR calibration
and image quality assessment approach unreliable [4].

For this problem, some advanced CRs were developed. On
the one hand, the concept of self-illuminating CR was proposed
[4], where self-illuminating means that all the rays that enter the
reflector’s cavity experience the triple reflection on the panel
and return to the radar. Furthermore, since the unexpected plate
edge diffraction is proportional to the plate edge length, the
panel geometry was assumed as polygon, and optimum
hexagonal panel geometry was obtained while minimizing the
edge length, i.e., 1.9441+/s (where /s indicates reflector
panel’s area). Because the circle has the shortest perimeter
among all planar shapes with the same area, CR plate with
curve edge was proposed and the minimal edge was further
reduced to 1.9282+/s [5], [6]. On the other hand, the triangular
trihedral CR with extended bottom plate was proposed, which
included the contribution of extended bottom to the total RCS
[71.

For assessing the performance of the two types of advanced
CRs, six hexagonal trihedral CRs, two bottom-extended
trihedral CRs, as well as traditional triangular trihedral CRs,
were deployed at the National Calibration and Validation Site
for High Resolution Remote Sensors. The C-band airborne
SAR image and X-band spaceborne KOMPSAT-5 SAR image
were acquired for the performance analysis.

The rest of the paper is organized as follows. In Section II,
the two types of CRs will be introduced, while simulation
results will be presented to show the performance the CRs. The
flight experiment will be described in Section III. In Section IV,
the acquired airborne and spaceborne SAR data will be shown
and the performance of CRs will be analyzed. Finally,
conclusions are drawn in Section V.

II.NEW TYPES OF CORNER REFLECTORS

The triangular trihedral CR has the advantages of large peak
RCS, extremely wide RCS pattern, light weight, cheap and
simple to manufacture. The panel geometry for the trihedral CR
has been traditionally chosen as triangular shape. However, as
shown in Fig. 1, not all the panel area is the effective area which
contributes to the nominal RCS o =4zl*/(31%). The
additional ‘tip’ reflecting area, if interacting with ground plane,
will yield an increase of RCS. This problem will decrease SAR
radiometric and phase calibration accuracy.
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Fig. 1 The effect of additional ‘tip’ reflecting area on reflection

X=2y
Fig. 2 Geometry of a self-illuminating trihedral CR

A. Self-1lluminating Trihedral Corner Reflectors [4]-[6]

The self-illuminating trihedral CR was proposed to solve the
problem. Fig.2 shows the geometry of a self-illuminating

trihedral CR.
Let curve C has the following parameterized form:

C@)=[0, f(r), 9(2)]. re[0,1] )
According to the property of self-illuminating trihedral CR,

the area of one panel of the self-illuminating trihedral CR could
be expressed by

s=2-["(fg,-g/f,)dr @)

where f' denotes the partial derivatives of f , and g’denotes
The edge length of the
self-illuminating trihedral CR is then expressed by

the partial derivatives of ¢ .

L=2.f {J 7407 +y(fi—g)) +g7 } dz ()

The purpose of the optimization is to choose f so that it
would minimize (3) subject to the constraint of (2).

If the curve C is specially assumed to be straight line, i.e.,
the geometry is polygon, the hexagon is the optimal shape
which has the minimal edge length for the same panel area, as
shown in Table I. If the curve C is specially assumed to be
circular arc, an optimal geometry will be derived while the edge
length could be further reduced.

TABLE1
COMPARISON OF THE EDGE LENGTHS OF DIFFERENT PANEL GEOMETRIES

straight line

circular arc

Edge Types
square pentagon

ellipse edge
hexagon

Panel area S S
Interior leg length \/§ 0. 866\/§
Minimum of external edge length 2\/§ 2. 1J§

S S S
0.94694/S 0.9324/S 0.9324/S
1.9441/S 1.9282+/S 1.92824/S

S

[%] SO euxg

Pentagon

Square
CR Types

Trian gu]ar
triangle

Hexagon Clrcu]ar Arc

Fig. 3 The effect of ground on total RCS of various CRs

Fig. 3 shows the effect of ground on total RCS of various
types of CRs through the RCS simulation method. The
isosceles triangular trihedral CR is mostly affected by the
ground, while the hexagonal and circular-arc trihedral CRs are
less affected. In practice, hexagonal trihedral CRs have been
manufactured due to their simplicity in geometry.

B. Bottom-Extended Trihedral Corner Reflectors [7]

Trihedral CR with extended bottom plate includes the effect
of the additional ‘tip’ reflecting area in the total RCS. In order
to ensure all the rays that enter into the CR can be reflected
back to the radar, the bottom length X should satisfy the
following equation:

X >1tan @ 4)

In practice, two bottom-extended trihedral CRs with | =0.8m
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and X =1.36m had been manufactured for the incidence angle
of 59.5°.

Fig. 4 Geometry of the bottom-extended trihedral CR

III. FLIGHT EXPERIMENTS

A.Airborne SAR Experiments for the Performance Analysis
of Bottom-Extended Trihedral CR

In order to analyze the performance of the bottom-extended
trihedral CRs, two of them and several triangular trihedral CRs
were deployed at the National Calibration and Validation Site
for High Resolution Remote Sensors.

Fig. 5 The bottom-extended trihedral CR deployed in the National
Calibration and Validation Site for High Resolution Remote Sensors

Table II shows the airborne SAR parameters.

TABLEII
AIRBORNE SAR DATA PARAMETERS
PARAMETERS Value
Center frequency 5.5 GHz (C-band)
High resolution mode imagery 0.6m
Processing band width 250MHz
Polarization HH
Beam width 6°
NESZ <-25dB
Central incidence angle 60°

Since the central incident angle is 60°, as shown in Fig. 6, the
tilted angel should be adjusted to be —2.74° , which means that
the CR should be tilted forward to ground and thus the ground
will have great effect on the radar backscatterering power.

B.Spaceborne SAR Experiments for the Performance
Analysis of Hexagonal Trihedral CR

In order to analyze the performance of the hexagonal
trihedral CRs, six hexagonal trihedral CRs and one triangular
trihedral CR were deployed at the National Calibration and
Validation Site for High Resolution Remote Sensors.

Tilted angel = —2.74°

Fig. 6 Illustration of the CR deployment

(b) the deployed CR

Fig. 7 The hexagonal trihedral CR deployed in the National
Calibration and Validation Site for High Resolution Remote Sensors

(a) deployment array

Table I1I shows the spaceborne SAR parameters.

TABLE III
KOMPSAT-5 DATA PARAMETERS

PARAMETERS Value
9.66 GHz (X-band)
1 m GSD, 5 km swath width

Center frequency
High resolution mode imagery

Polarization HH
NESZ (Noise Equivalent Sigma <_17dB
Zero)
Orbit direction Descending
Beam ID HR-22

45.932867886597322°
45.597960269190473°

Far incidence angle
Near incidence angle

IV. CR PERFORMANCE ANALYSIS

A. Performance Analysis of Bottom-Extended Trihedral CR

The C-band airborne SAR images of the two
bottom-extended trihedral CRs and two triangular trihedral
CRs are shown in Figs. 8 (a) and (b), respectively. The 2-D
point shape of the bottom-extended trihedral CR is much closer
to the ideal “+” shape than the traditional triangular trihedral
CR. In other words, the effect of the ground on the
bottom-extended trihedral CR is less than the traditional
triangular CR.

(a) Bottom-extended trihedral CRs
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(b) Triangular trihedral CRs
Fig. 8 C-band airborne SAR images

B. Performance Analysis of Hexagonal Trihedral CR

The spaceborne SAR image of the six hexagonal trihedral
CRs and one triangular trihedral CR is shown in Fig. 9. Both
the 2-D point shapes of the hexagonal trihedral CRs and the
triangular trihedral CR are closer to the ideal “+” shape.

Fig. 9 X-band spaceborne KOMPSAT-5 SAR image of the deployed
CRs

The range and azimuth 1-D data profiles of the hexagonal
trihedral CR and the triangular trihedral CR are shown in Figs.
11 and 12, respectively. It shows that the azimuth 1-D impulse
response function of the hexagonal trihedral CR is much closer
to the ideal form (cf. Fig. 10) than that of the traditional
triangular trihedral CR.
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Fig. 10 Illustration of the ideal point response function

(b) Azimuth

Fig. 11 Range and azimuth 1-D impulse response functions of a
hexagonal trihedral CR
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Fig. 12 Range and azimuth 1-D impulse response functions of the

triangular trihedral CR

V.CONCLUSION

The performance of SAR calibration and image quality
assessment based on traditional trihedral CRs are easily
affected by the ground-tip interaction. This paper preliminarily
analyzed the effectiveness of two types of advanced CRs
through airborne SAR data and spaceborne SAR data. The
results show that the 2D and azimuth 1D impulse response
functions are much closer to the ideal function, which will
make the CR more practical and improve the calibration and
image quality assessment accuracy. In the future, quantitative
analysis on the performance improvement in radiometric
calibration will be carried out.
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