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Abstract—In this paper, a dual-band, frequency-modulated 
continuous-wave (FMCW) radar for short-range through-wall 
detection is proposed and implemented. This radar adopts a 
shared-aperture antenna technique for reducing antenna area 
and high-speed chirping to avoid flicker noise. It operates at the 
S-band (3 GHz) and the X-band (9 GHz), with 486 MHz chirp 
bandwidth and 860 MHz chirp bandwidth, respectively. The 
chirp rates are 11,050 GHz/s and 22,000 GHz/s at the S- and X-
bands, respectively. The radar has successfully detected a target 
through a wooden wall. 

Keywords—Frequency-modulated continuous-wave (FMCW), 
Short-range radar, Through-wall radar. 

I. INTRODUCTION  
Through-wall detection has been an interesting topic in 

recent research [1]. A frequency-modulated continuous-wave 
(FMCW) radar system is one candidate radar system for 
through-wall detection [2]. In an FMCW radar system, a beat 
frequency is used to measure a target range, since the beat 
frequency is proportional to the time-of-flight. Therefore, the 
intermediate frequency (IF) filters can be used to eliminate the 
out-of-range clutter. The FMCW radar with high-quality factor 
IF filters, which can fully attenuate beat frequency signals from 
out-of-range clutter, thus achieving high dynamic range and 
high sensitivity, with low power consumption. 

Although conventional single-band FMCW radar systems 
can detect a hidden target well, sometimes they do not work 
when the wall has a large propagation attenuation in a specific 
frequency, and this notch frequency corresponds to radar’s 
operating frequency. A dual-band FMCW radar system is 
therefore required to overcome this problem. 

In this paper, a dual-band FMCW radar system for 
detecting a target through a wall in short-range is proposed and 
implemented. The implementation and measurement results are 
described in Section II; conclusion and future work are 
discussed in Section III. 

II. IMPLEMENTATION AND MEASUREMENT RESULTS 
Because wall attenuation is proportional to radar operation 

frequency, and range resolution is inversely proportional to 
chirp bandwidth, radar operation frequency and chirp 
bandwidth are very important for through-wall detection [3],[4]. 
The radar operation bands we chose are the S-band and the X-
band; the S-band has low wall attenuation compared to higher-
frequency bands, and requires a smaller antenna size compared 
to lower-frequency bands; and the X-band easily provides 
wider bandwidth, with a compact-sized antenna. 

Although dual-band radar provides great utility, it requires 
a massive volume because it uses four antennas for supporting 
the transmitting and receiving of the S- and X-bands. S-band 
antennas, in particular, require a large area, because the 
antenna’s physical size is limited by the wavelength [5]. 
Therefore, for this study we adopted a shared-aperture antenna 
technique, which allows an S-band and an X-band antenna to 
share the same antenna area. The result was that the total 
antenna area was dramatically decreased: the implemented 
antenna size was 5.3 cm (width) by 8.3 cm (length). The 
antenna has more than 20% bandwidth at the S-band, and more 
than 30% bandwidth at the X-band, with 5.4 dBi gain and 8.7 
dBi gain, respectively. 

Though a shared-aperture antenna technique reduces the 
antenna area, it does require two physically different ports for 
S- and X-band feeding. Band selection switches are therefore 
required; two switches were used. 

Most of the components are shared in S- and X-band mode 
operation thanks to FMCW radar’s characteristics, excluding 
S-band low-noise-amplifiers (LNAs), X-band LNAs, and an X-
band power-amplifier (PA) for meeting noise figure (NF) and 
power specifications. A dual-band FMCW radar architecture is 
shown in Fig. 1.  

In this radar system, a homodyne architecture was adopted 
to reduce the number of components. Although the homodyne 
architecture has various advantages, it does have a classical 



problem: flicker noise (1/f noise) [6]. Flicker noise 
dramatically degrades receiver sensitivity. The flicker noise 
problem is solved by carefully choosing a chirp rate.  

The beat frequency is calculated as: 

                                      2 *IF R
Rf C
c

= ,                                    (1) 

where fIF is beat frequency, R is target range, c is the speed of 
light, and CR is chirp rate. To avoid the beat frequency 
occurring below 80 kHz when the radar detects a 1.2 m-distant 

target, the chirp rate must be faster than 10,000 GHz/s. 
Therefore, a chirp source that has an 11,050 GHz/s chirp rate in 
S-band mode and a 22,000 GHz/s chirp rate in X-band mode 
was developed. The developed chirp source bandwidth is 486 
MHz and 860 MHz in the S- and X-bands, respectively. A 486-
MHz chirp bandwidth corresponds to a 30.9-cm resolution, and 
an 860-MHz chirp bandwidth corresponds to a 17.4-cm 
resolution. 

The receiver gain is 49 dB and 59 dB in the S-band and X-
band, respectively, while the NF is 4 dB and 3.5 dB, 
respectively. A High Pass Filter (HPF) was combined with a 
conventional second-order active RC filter with operational 
amplifiers and a reconfigurable second-order Gm-C filter. A 
second-order Gm-C filter was designed with high linearity to 
deal with amplified wall reflection and target reflection. A 
third-order intercept point (IIP3) was 19.4dBm. The transmitter 
gain is 27 dB and 33 dB in the S- and X-bands, respectively, 
and the maximum transmitter power is over 17 dBm and over 
15 dBm in the two bands, respectively. Table 1 shows the radar 
block specifications. 

Figure 2 shows the radar test results in free space. The 
target was 0.51-m (width) by 0.51-m (length) square metal 
plate. Figure 2-(a) shows the S-band response. The measured 
beat frequency of the 1.4-m target was 115 kHz, and the 2.8-m 
target was 224 kHz in S-band operation. Considering the S-
band chirp rate, then 115 kHz corresponds to a 1.48-m target, 
and the 224-kHz target corresponds to 2.92 m. The range error 
rate is under 5.7 %. Figure 2-(b) shows an X-band response. 
The measured beat frequency of the 1.25-m target was 185 kHz, 
and the 2.5-m target was 380 kHz in X-band operation. 

Figure 3 shows the radar test results for through-wall target 

 
 
Fig. 1. A dual-band FMCW radar transceiver architecture.  

 
Table 1: RX and TX performance summary 

 



detection. The wall material was wood, and the target was the 
same in free space. Wall reflection and target reflection are 
both shown in the radar output spectrum. Figure 3-(a) shows 
the S-band response. The measured beat frequency of the 2.8-
m target is 224 kHz. Figure 3-(b) shows the X-band response. 
The measured beat frequency of the 1.5-m target is 265 kHz. 
These results are in good agreement with the theory. 

 

III. CONCLUSION 
This study proposes a dual-band, homodyne FMCW radar 

for short-range through-wall detection, and implements a 
prototype radar. This radar operates at S-band (3 GHz) and X-
band (9 GHz) with high chirping rates: the S-band chirping rate 
is 11,050 GHz/s, and the X-band chirping rate is 22,000 GHz/s, 
with 486 MHz chirp bandwidth and 860 MHz bandwidth, 
respectively. A 486-MHz bandwidth corresponds to a 30.9-cm 
resolution, and an 860-MHz bandwidth corresponds to a 17.4-
cm resolution. This radar can detect a hidden target in both 

operation modes. Future work will include a high-loss material 
wall through a detection test. 
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Fig. 2. An intermediate frequency (IF) spectrum: (a) S-band (1.4-m target, 115 kHz beat frequency); (b) X-band 
(1.25-m target, 185 kHz beat frequency) 
 

 
                    

(a)            (b) 
 
Fig. 3. An IF spectrum: A target with a woodem wall: (a) S-band (2.8-m target, 224 kHz beat frequency); (b) X-
band (1.5-m target, 265 kHz beat frequency) 
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