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ABSTRACT
Synthetic Aperture Radar (SAR) provides high-resolution
images regardless of weather conditions and solar
illumination. However, a SAR image projects the 3D
distributed targets onto a 2D plane in range and azimuth.
Tomographic SAR (TomoSAR) is a technique to generate 3D
image by adding the vertical baselines to the conventional
SAR image acquisition. TomoSAR has recently been used to
map the internal structure of forests and the geometry of the
buildings by using airborne and ground-based SAR systems.
In this paper, we report the construction of a Ground-Based
TomoSAR (GB-TomoSAR) system and explain the basic
principle of the GB-TomoSAR focusing algorithm. A GBTomoSAR experiment was performed on the rooftop of a
building at Kangwon National University. Heights of various
targets were measured by generating the slice images both in
the horizontal and vertical direction, which well matched to
the in situ data. The experimental image has limitations in the
detection of trees due to temporal decorrelation during the 8
hours of acquisition for a single tomogram. In order to
overcome this limitation, we are planning to enhance the
scanning speed of GB-TomoSAR in the near future.
Index Terms— Tomographic SAR, 3D focusing
algorithm, 3D SAR simulation, Ground-based SAR

acquisition of GB-SAR data by moving the rail system
stepwise in vertical direction. Focusing algorithm of rangevertical plane is similar to a rotated focusing algorithm in the
range-azimuth plane. In this study, we get the 3D SAR image
by extending a one-dimensional deramp-FFT algorithm in
azimuth direction for GB-SAR focusing to two-dimensional
deramp-FFT in azimuth and vertical direction. Fig. 1 shows
the block diagram of the 2D deramp-FFT algorithm for GBTomoSAR focusing.
2.1. Range compression
The received signal of GB-TomoSAR is obtained in the
stepped-frequency format in frequency domain by a vector
network analyzer.
𝑆(𝑓) = 𝐻(𝑓)𝐺(𝑓)

(1)

where 𝐻(𝑓) is the box function with a center at 𝑓𝑐 and a
bandwidth of 𝐵𝑅 . It shows the frequency field of the
transmitted and received microwave. 𝐺(𝑓) is the reflection
coefficient of the target as a function of frequency. Equation
(1) can be changed to the time domain by using inverse
Fourier transform, which can be expressed by using
convolution as

1. INTRODUCTION
Synthetic Aperture Radar (SAR) provides high resolution
images regardless of weather conditions and sun altitudes.
SAR has been widely used for various scientific fields and
military purposes. However, SAR image represents the 3dimensionally (3D) distributed targets onto a 2-dimensional
(2D) plane in the range and azimuth directions. Tomographic
SAR (TomoSAR) is a technique to generate 3D image by
obtaining SAR images with various vertical baselines [1].
TomoSAR has been used to map the internal structure of
forests and the layover of the buildings [2] [3].
2. 3D SAR FOCUSING ALGORITHM
Principle of the tomographic SAR focusing is analogous to
the GB-SAR. GB-SAR generate a 2D image by moving the
antenna along the azimuth. GB-TomoSAR repeats the
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Fig. 1. Block diagram of 2D deramp-FFT algorithm.
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𝑅(𝑥, 𝑧) = √(𝑥 − 𝑥𝑐 )2 + 𝑦𝑐2 + (𝑧 − 𝑧𝑐 )2

(5)

We apply the 2D Taylor series to equation (5) at the center of
antenna scan field at (𝑥, 𝑧) = (0, 0).
𝑅(𝑥, 𝑧|𝑥𝑐 , 𝑦𝑐 , 𝑧𝑐 ) = 𝑅(0,0) + (𝑅𝑥 (0,0)𝑥 + 𝑅𝑧 (0,0)𝑧) +
1
(𝑅𝑥𝑥 (0,0)𝑥 2 + 2𝑅𝑥𝑧 (0,0)𝑥𝑧 +
2
𝑅𝑧𝑧 (0,0)𝑧 2 ) + ⋯
(6)
Equation (4) and (6) can be merged to
𝑠(𝑥, 𝑧|𝑥𝑐 , 𝑦𝑐 , 𝑧𝑐 ) =

Fig. 2. Measurement and imaging geometry.

𝑠(𝑡) = ℎ(𝑡) ∗ 𝑔(𝑡).

𝑒

(2)

If the target is placed at a two-way travel time of 𝑡 = 𝑡0 =
2𝑅/𝑐, and the reflection coefficient of the target is 𝑔(𝑡) =
𝛿(𝑡 − 𝑡0 ), then the equation (2) can be expressed as follows:
𝑠(𝑡) = 𝐵𝑅 sinc[𝜋𝐵𝑅 (𝑡 − 𝑡0 )]exp[𝑗2𝜋𝑓𝑐 (𝑡 − 𝑡0 )]

(3)

Maximum of 𝑠(𝑡) has at 𝑡 = 2𝑅/𝑐, and the phase term is the
distance of target from the sensor. Time resolution is given as
δ𝑡 = 1/𝐵𝑅 , and range resolution is calculated by 𝛿𝑅 =
𝑐𝛿𝑡/2 = 𝑐/2𝐵𝑅 [4].

−1 (𝑥,

|𝑧 − 𝑧𝑐 | < 𝑦𝑐
where

𝐿𝑥
𝜆

𝐿𝑧

𝑗

+𝑧2
𝑦2 +𝑥2
4𝜋 𝑦2
𝑥 𝑧
( 𝑐 𝑐 𝑥 2 − 𝑐 3𝑐 𝑥𝑧+ 𝑐 3 𝑐 𝑧 2 )
𝜆 2𝑅3
𝑅𝑐
2𝑅𝑐
𝑐

ℎ
𝑧) = 𝑒
𝑔(𝑢, 𝑣) =
∞
∞
∫−∞ ∫−∞ 𝑠(𝑥, 𝑧)ℎ−1 (𝑥, 𝑧)𝑒 −𝑗2𝜋𝑢𝑥 𝑒 −𝑗2𝜋𝑣𝑧 𝑑𝑥𝑑𝑧

(4)

𝑎𝑛𝑑|𝑧| ≤ 𝑍/2

𝜆 = wavelength
x, z = antenna location in baseline
X, Z = aperture length of azimuth and vertical
𝐿𝑥 , 𝐿𝑧 = antenna aperture size of row and column

(7)

(8)
(9)

Equation (9) can be calculated analytically as follows:
4𝜋

𝑔(𝑢, 𝑣) = 𝑒 −𝑗 𝜆 𝑅𝑐 𝑋𝑍sinc[𝑋𝜋(𝑢 −
2𝑥𝑐
2𝑧
)]sinc[𝑍𝜋(𝑣 − 𝑐 )]
𝜆𝑅𝑐

Deramp-FFT algorithm is performed by multiplying the
deramp function to the range compressed signal and then
applying the inverse Fourier transform. This algorithm
regards that the obtained signal is in frequency domain due to
the time-frequency locking phenomenon of a SAR system. It
uses lower memory and less processing time than other
focusing algorithms such as range-Doppler algorithm.
Therefore it can be useful for near-real time SAR focusing.
If a target is located at P(xc , 𝑦𝑐 , 𝑧𝑐 ), as shown in Fig. 2, the
range-compressed signal received a various antenna location
at (𝑥, 0, 𝑧) is expressed as follows:
𝑥, 𝑧|𝑥𝑐 , 𝑦𝑐 , 𝑧𝑐 )
𝑠(𝑥, 𝑧|𝑥𝑐 , 𝑦𝑐 , 𝑧𝑐 ) = 𝑒
𝜆
|𝑥 − 𝑥𝑐 | < 𝑦𝑐 𝑎𝑛𝑑|𝑥| ≤ 𝑋⁄2

𝑦2 +𝑧2
𝑦2 +𝑥2
4𝜋
𝑥
𝑧
𝑥 𝑧
(𝑅𝑐 −( 𝑐 𝑥+ 𝑐 𝑧)+( 𝑐 3 𝑐 𝑥 2 − 𝑐 3𝑐 𝑥𝑧+ 𝑐 3 𝑐 𝑧 2 )+⋯ )
𝜆
𝑅𝑐
𝑅𝑐
2𝑅𝑐
𝑅𝑐
2𝑅𝑐

During the data processing, we arrange the received signal by
using the range migration, multiply the 2D deramp function
(ℎ−1 (𝑥, 𝑧)), apply the Hanning filter, and then use the 2D
iFFT (Fig. 1).

2.2. 2-Dimensional Deramp-FFT Algorithm

4𝜋
−𝑗 𝑅(
𝜆

−𝑗

(10)

𝜆𝑅𝑐

Maximum of 𝑔(𝑢, 𝑣) occurs at 𝑢 = 2𝑥𝑐 ⁄𝜆𝑅𝑐 , 𝑣 = 2𝑧𝑐 ⁄𝜆𝑅𝑐 .
Geocoding should be followed according to those equations.
Resolutions are given as δ𝑢 = 1/𝑋, δ𝑣 = 1/𝑍, which can be
expressed as the azimuth and vertical resolution (δxc , 𝛿𝑧𝑐 ) as
follows:
𝛿𝑥𝑐 =

𝜆𝑅𝑐
2𝑋

, 𝛿𝑧𝑐 =

𝜆𝑅𝑐
2𝑍

.

(11)

3. SIMULATION OF GB-TOMOSAR DATA
We simulate the GB-TomoSAR system to verify the
developed focusing algorithm. The computer codes of the
algorithm has been implemented in the MATLAB. The target
consists of a 3D array of 3 × 3 × 3 point scatters as shown in
Fig. 3. The system specification of the simulation is shown in
Table 1, which is identical to those of the field experiment in
the next section. We also added random noise to the raw
signal.
Fig. 3 shows the simulation result showing range-azimuth
and range-vertical slice image in the image center line. The
image clearly shows the focused point targets at the original

𝑅 is the range to the target, i. e.,
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Fig. 3. Distribution of point scatters used in the TomoSAR
simulation, and slice images of the 3D SAR simulation
data after focusing.
location. Therefore, we confirmed that the 2D deramp-FFT
algorithm is correct and useful for the 3D TomoSAR imaging.
4. EXPERIMENT AND RESULTS
The picture and a diagram of the GB-TomoSAR system is
shown in Fig. 4. The azimuth resolution is achieved by
moving the antenna along the horizontal rail of the GB-SAR
while the vertical resolution was made by changing the height
of the horizontal rail. A vector network analyser (Anritsu
Master MS2028B) generated microwave signal and
measured the returned scattering. A 30W power amplifier
was attached before the transmission antenna. The notebook
computer controlled the motion of antenna, initiate the
acquisition and collected the data. According to the
specification of GB-TomoSAR system given in Table. 1, the
range resolution δR, the azimuth angular resolution δθ and
the vertical angular resolution δφ is calculated to be 0.244 m,
0.675 °, and 0.871 °, respectively. Fig. 5(a) shows the scan
area of the TomoSAR experiment and Fig. 5(b) illustrates 3D
conceptual diagram of TomoSAR data. GB-TomoSAR
experiment was performed on the rooftop of Science College
at Kangwon National University during 8 hours. Main targets
Table 1. Specification of GB-TomoSAR system for the
simulation and the experiment

Fig. 4. Pictures and diagram of GB-TomoSAR system.
are university buildings, roads and trees of 20 ~ 30 m height
that triggers large volume scattering.
Fig. 6(a) and (b) shows the range-azimuth slice image that
includes the image center line and that on the plane slanted
by 7.84 ° downwards from the image center line, respectively.
All images were shown after the geometric and radiometric
corrections. The library building and building B are clearly
shown in Fig. 6(a) but not detected in Fig. 6(b) which imaged
below horizon in this range. From the distinctive features
between Fig. 6(a) and (b), we could verify that the GBTomoSAR system based on GB-SAR was constructed and
focused successfully. The two dotted lines in Fig. 6(a)
represent the vertical slice lines to obtain the range-vertical
slice images shown in Fig. 6(c) and (d) separated by an angle
of 24.2 °.
The dotted lines in Fig. 6(c) represent the border of
buildings and roads in the vertical direction. We could
distinguish the various structures located along the two
vertical slice lines. The heights of the library and building B
were measured to be 30±3 m from Fig. 6(c) and (d), which
were well matched to the in situ heights of the library (30 m)
and building B (23 m). However, the tomographic image has
a limitation of the detection of tress due to the temporal
decorrelation of the trees during the 8 hours of GBTomoSAR experiment.
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Fig. 6. Slice images of 3D GB-TomoSAR. Range-azimuth
slice image including the image center line (a) and that on a
plane slanted by 7.84 ° downwards from the image center
line. Range-vertical slice image along the slice line A (c) and
B (d).
Fig. 5. Scan area of the GB-TomoSAR experiment (a) and
3D conceptual diagram of GB-TomoSAR data (b).
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