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ABSTRACT 

It is well known that the resolution of conventional radar is 

typically limited by the bandwidth of adopted waveform. 

However, we should not forget that the potential spatial 

resolution that radar can achieve could be much better, more 

precisely, in the order of sub-wavelength. Such radar 

operating ⁰mode is called radar tomography, which exploits 

the spatial diversity, instead of large waveform bandwidth, to 

achieve super high spatial resolution. Although the theory of 

radar tomography had been developed for decades, very few 

experimental validations were reported in public literatures. 

In this paper, the investigations on radar tomographic 

imaging are conducted and validated with the measurements 

in microwave anechoic chamber. The spatial resolutions 

achieved in the experiments show good agreement with 

theoretical results. 

Index Terms — Radar tomography, microwave 

imaging, synthetic aperture radar 

1. INTRODUCTION OF RADAR TOMOGRAPHY

Synthetic aperture radar (SAR) imaging has been widely 

used in both military and civilian applications [1][2]. It is well 

known that in typical SAR imaging, the range resolution is 

determined by the signal bandwidth, and the cross-range 

resolution is determined by the angular integration which is 

normally chosen to be equal to the range resolution. 

However, the potential spatial resolution that radar can 

achieve could be much better. A special mode of imaging 

technique, tomographic imaging, has been developed for 

medical applications since 1970s, which was also known as 

computer aided tomography [3] or computerized tomography 

[4]. In 1980s, the principle of tomographic imaging was 

introduced into radar applications [5][6]. Different from the 

SAR imaging whose spatial resolution is roughly limited by 

the signal bandwidth, tomographic imaging is quite unique as 

it can provide super high spatial resolution (up to one quarter 

wavelength) with only exploiting spatial diversity. It is 

attractive because potentially very high-resolution image can 

be formed by a radar with narrowband waveforms (as low as 

a single-tone signal), which means very simple hardware 

structures and low cost. 

There are two image reconstruction approaches for radar 

tomography: direct Fourier approach and matched filter 

approach. Direct Fourier approach is based on the projection 

slice theorem [5][7]. As illustrated in Fig. 1, assuming 

( , )f x y  is the 2-D scattering coefficient to be imaged, the 

Fourier transform of a parallel projection of  ,f x y  along

angle   gives a slice of its two-dimensional Fourier 

transform  ,F u v , along the same angle   w.r.t. the u-axis.

In other words, the Fourier transform of  P t  gives the 

values of  ,F u v  along the line B  in Fig. 1.
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Fig. 1. Illustration of Fourier slice theorem 

Matched filter approach [8], which was also called 

beamforming algorithm [9], is an intuitive signal processing 

technique in the brute force way. For the image 

reconstruction in spatial domain, matched filter approach 

simply attempts to compensate the signal’s expected phase 

delay for each grid of the scene. For a grid containing the 

target, all echoes from this grid can be adapted to a constant 

phase with proper phase weights. Summing up all these phase 

weighted echoes will produce an image of the target. 

Thanks for the efficiencies of fast Fourier transform 

(FFT), the direct Fourier technique is much superior to the 

matched filter technique in terms of the computational load. 

However, the application of direct Fourier technique has 

many constraints. First, the direct Fourier reconstruction is 

derived based on plane wave assumption. The distance 

between the target (or the image scene) and the radar should 
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satisfy far-field conditions. Second, before applying 2-D 

inverse FFT for image reconstruction, the polar samples in 

spatial frequency domain must be interpolated into Cartesian 

grids. The interpolation error may affect the final image 

quality. In addition, the direct Fourier reconstruction uses the 

transformation between spatial domain and spatial frequency 

domain. The image scene is limited within a certain 

unambiguous area. Outside this area the spatial ambiguity 

will occur. Relatively the matched filter technique is much 

more flexible and won’t suffer from these constrains. Thus, 

the matched filter technique is used in this paper. 

Although the principle of radar tomographic imaging has 

been developed many years ago, there were not many 

experimental results in public literatures [7][8][10]. Based on 

the preliminary analyses conducted by the authors in [11], in 

this paper, more extensive investigations on radar 

tomographic imaging are conducted and validated with the 

measurements in microwave anechoic chamber. 

2. POINT SPREAD FUNCTION ANALYSIS

First we look at the point spread function (PSF) of radar 

tomography processing when a single-tone continuous wave 

(CW) signal is used with 360° observation. In 2-D spatial 

frequency domain, the measurement samples of single-tone 

frequency are at a circle around the origin with a radius of

2 , where   is the signal wavelength. The corresponding

PSF is the 2-D inverse Fourier transform of the data on this 

circle, which can be derived in polar coordinates as [4]. 
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where  0J x is the zero-order Bessel function. The first null 

of  0J x is at 0 2.4048x  . So the null-to-null width of PSF

mainlobe, i.e., the spatial resolution of tomographic imaging 

with single-tone signal, is 
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Fig. 2 illustrates the PSF of tomographic imaging when 1GHz 

single-tone frequency is used. The 3dB resolution is about 

4 , and the first sidelobe is at about -8dB.

Fig. 2. PSF for one single-tone frequency and 360° observation 

This simulation result shows that very high spatial 

resolution can be achieved by tomographic imaging with only 

one single-tone frequency. However, the high sidelobe level 

is still an issue to be solved. It was observed that including 

more frequency components can significantly change the 

distribution of sidelobes. When more than one single-tone 

frequencies are adopted, the PSF of tomographic imaging is 
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where M is number of frequencies. There is no analytical 

expression for (3). Some example PSFs for two single-tone 

frequencies with different frequency spacing were presented 

in [11]. Interestingly, with a number of single-tone 

frequencies with fixed frequency spacing, the high sidelobes 

of PSF in tomographic imaging can be effectively 

suppressed. As an example, Fig. 3 depicts the PSF when five 

frequencies, 3GHz, 3.5GHz, 4GHz, 4.5 GHz and 5GHz, are 

used, and Fig. 4 shows the corresponding range cut of PSF. It 

can be seen that the sidelobes near the mainlobe are much 

lower than those in single frequency PSF. However, high 

ambiguous lobes appear due to the frequency discontinuity. 

The positions of ambiguous range are at 

,  1,2,3,
2
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c
R i i

f
  


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where f is frequency increment. In Fig. 3 and Fig. 4, 

0.5GHzf  , so the first ambiguity is 0.3m away from the 

mainlobe. To avoid the range ambiguity, f  should be 

smaller than 2 ac R , where aR  is the maximum radius of 

target or area to be imaged. 

Fig. 3. PSF for 5 frequencies and 360° observation 

Fig. 4. Range cut of PSF for 5 frequencies and 360° observation 
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3. ANGULAR SAMPLING INTERVAL

Radar tomographic imaging exploits spatial diversity to 

achieve the high spatial resolution. Its angular sampling 

interval should satisfy the sampling theorem, i.e., the phase 

difference between two adjacent samples should be less than 

 to fully recover a complex signal from discrete samples.

Fig. 5 shows the angular sampling scenario for a scatterer 

moves from A to A’, where the phase experiences the steepest 

variation. Assuming the maximum radius of the image scene 

is mr , the angular increment between two adjacent samples is 

 , it can be easily derived that the maximum angular 

sampling interval should satisfy 

4 mr                                     (5) 

From Eq.(5) we can know that finer angular sampling interval 

is required if the image scene is larger. 
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Fig. 5. The steepest phase variation scenario in angular sampling 

Numerical simulations are conducted to validate the 

effects of angular interval. Assuming a 1GHz single-tone 

frequency signal is used and a point target is at (0.5m, 0m), 

Fig. 6(a)(b) show the tomographic imaging results with 5° 

and 10° angular sampling intervals respectively. It can be 

seen that the maximum allowable radius of image scene is 

reduced with larger angular sampling interval. 

(a)   (b) 

Fig. 6. PSF of single-tone frequency with (a) 5⁰ and (b) 10° angular 

sampling interval 

4. EXPERIMENTAL VALIDATION

Experimental validations for the radar tomographic 

imaging are conducted in a microwave anechoic chamber. In 

our measurements, a microwave network analyzer is used as 

a radar to transmit/receive the single or multi-frequency CW 

signals. The targets are fixed on top of a rotator, which is 

about 3m away from the antennas. The measurement system 

setup is illustrated in Fig. 7. 

Fig. 7. Setup for tomography imaging experiments 

First the measured image of a metal rod is presented in 

Fig. 8(a) when 2.5GHz single frequency, 360° scan and 1° 

sampling interval are used. Note that the direct coupling 

signal from transmit antenna has been cancelled from the 

received signal before the tomographic imaging. We can see 

a strong reflection at (0.23m, 0.08m) which is from the metal 

rod, and a weaker reflection from (0m, 0m) which is from the 

rotator. To get the image of metal rod only, a separate 

measurement is conducted for the empty scene without the 

rod, then the empty scene image is subtracted from the 

original image and the result is plotted in Fig. 8(b). It can be 

seen that the image of metal rod is quite close to the 

theoretical PSF shown in Fig. 2. We also note that with only 

one single-tone frequency, the sidelobe levels in Fig. 8(a) and 

(b) are quite high. To reduce the sidelobes, a wideband signal 

which consists of 201 frequencies from 2.5GHz to 3.5GHz is 

used. The original image and the image after empty scene are 

shown in Fig. 8(c) and (d). It can be clearly observed that the 

sidelobe levels are much lower than those in Fig. 8(a)(b). 

Sometimes full 360° scan may be impractical due to some 

constraints. With less spatial diversity, the spatial resolution 

will decrease and the sidelobes will increase. To validate this, 

Fig. 9(a)(b) show the measured PSFs for one 2.5GHz single-

tone signal with 120° and 60° scans respectively. From them 

we can clearly see that the difference in mainlobe spreading 

and sidelobe distribution. For such cases, frequency diversity 

can be used to compensate the spatial diversity and reduce the 

sidelobe level. Fig. 9(c) shows the measured PSF with 60° 

angular diversity when a wideband waveform (201 
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frequencies in the band from 2.5GHz to 3.5GHz) is adopted. 

For comparison, Fig. 9(d) shows the simulated PSF. We can 

see significant improvement in the sidelobe level when 

comparing Fig. 9(c)(d) to Fig. 9(b). Thus, in practical 

applications, it is desired to adopt both spatial and frequency 

diversities for achieving better performance. 

(a)    (b) 

(c)  (d) 

Fig. 8. Measured images of a metal rod with 360⁰ scan. 

(a) Original image of single frequency 2.5GHz; 
(b) The image of single frequency after empty scene subtraction; 

(c) Original image of multi-frequency 2.5-3.5GHz; 

(d) The image of multi-frequency after empty scene subtraction. 

(a)    (b) 

(c)     (d) 

Fig. 9. Measured PSF with different angular diversity 
(a) Single frequency 2.5GHz, 120° integration; 

(b) Single frequency 2.5GHz, 60° integration; 

(c) Multiple frequencies from 2.5-3.5GHz, 60° integration; 
(d) Simulated PSF for (c). 

Many more measurements for various targets have been 

conducted and will be presented in the conference, due to the 

limitation of paper length. 

5. CONCLOSION

The potentials of super high resolution for radar 

tomographic imaging, which exploits the spatial diversity 

instead of large signal bandwidth, are investigated in this 

paper. It is demonstrated that the spatial resolution up to one-

quarter wavelength can be achieved even with one single-

tone frequency signal, and if larger bandwidth is available, 

the sidelobe level can be reduced. This is very attractive for 

radar imaging, particularly the short range surveillance 

applications. 
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