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1 |  INTRODUCTION

Demands for safety against disasters (either natural or man-
made) have been increasing. Firefighting infrastructure 
and personnel play key roles in various disaster scenarios. 
However, for the rescue operation, specialized equipment is 
still lacking. Human-detection devices constitute one of the 
examples that can help overcome adverse conditions.

According to the 2019 Annual Report of the Korean 
National Fire Agency, more than 42 000 fires occurred na-
tionwide and resulted in more than 2500 casualties in 2018 
[1]. Among these cases, rescue operations often require that 
fire fighters enter the fire scene with minimal rescue-aid 

devices, such as flash lights and walkie-talkies. In contrast, in 
military tactical operations, mission-specific devices, such as 
through-the-wall radars (TTWRs), help operators cope with 
various situations [2–6]. In the case of firefighters, TTWRs 
can improve the operation efficiency and reduce risks by iden-
tifying the imperiled in invisible conditions. Performance, 
ruggedness, and usability, including light weight are key re-
quirements. Therefore, system-on-chip (SoC) is a very de-
sirable solution for versatile and small-form factor TTWRs.

Previously, TTWR have been developed mostly for mili-
tary applications. Table 1 lists the commercial TTWRs and 
their features [4–6]. The operating frequency can be chosen 
based upon losses against obstacles, target resolution, and 
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system form factor. In general, a longer wavelength is bet-
ter for the penetration but requires larger size mainly due to 
the antenna size. The modulation scheme and the bandwidth 
determine the target resolution as well as the target identifica-
tion algorithm. In most systems, the impulse (UWB) scheme 
is adopted. Compared with continuous wave (CW) modula-
tion, the time-domain wall separation, and the diminished in-
teraction with the front wall are advantages.

SoC radars are beneficial for the TTWRs thanks to its 
smaller form-factor, reconfigurability. Prior arts on the single 
chip radar transceivers that integrate the wideband front-end 
have been reported [7–12]. Infrared (IR) radars have focused 
on achieving a high-range resolution. Specifically, a 7.3-mm 
resolution [8] in 30-nm and 1.2-mm resolution [9] in 55 nm 
technologies have been reported. However, to apply a SoC 
radar for TTWRs, not only the resolution but also reconfigu-
rability and performance enhancement schemes are needed.

In this study, a single-chip SoC is proposed for the TTWRs 
and a hand-held TTWR system for the firefighting opera-
tion is demonstrated. To achieve through-wall performance, 
a time-expansion clock technique is utilized and signal-to-
noise ratio (SNR) enhancement is achieved. Reconfiguration 
of the radar modes for the various conditions can facilitate 
the use of the TTWR. Test sites for the pseudo-disaster condi-
tions and test standards have been codeveloped [16–18]. The 
prototype hand-held TTWR was tested subject to the facility 
and test standards. The results confirmed the performances, 
including through-wall/debris detections in various materi-
als. The major contributions of the work are as follows: first, 
radar SoC architecture is proposed that is fully controlled 
with embedded logic and clock schemes. Second, based on 
the controllability, through-wall operation is demonstrated. 
To overcome increased losses due to the wall, an SNR en-
hancement technique is presented that is a direct consequence 
of the transceiver architecture. Lastly, the SoC is tested in a 
system which is close to the final product and the tests are 
conducted in pseudo-disaster environments with a standard 
protocol.

The study is organized as follows. The radar architecture and 
its circuit implementations are introduced specifically to over-
come the challenges in through-wall operations. The embedded 

radar control logic and clock generator are discussed. The pro-
totype radar and test environments are described. Finally, the 
tested results and discussions are summarized.

2 |  TWR SOC ARCHITECTURE

In this section, the challenges for TTWRs and the require-
ments of the radar operation are discussed. The radar opera-
tion and its architecture are then introduced.

2.1 | Through-the-wall radar 
operations and the radar link

A TTWR transmits a signal and detects echo signals from 
targets beyond the wall. Specifically, weak echo signals from 
the targets owing to the wall loss need to be identified in the 
presence of a strong blocker, that is, the echo signal from the 
wall. The wall losses must be quantified first to establish a 
sufficient through-wall radar link. Table 2 shows the losses 
of the walls for different materials. Concrete block and rein-
forced concrete are the most lossy materials. In the radar link 
equation, the received power and the SNR are:

(1)Pr =
Pt ⋅Gt ⋅Gr ⋅� ⋅�

2

(4�)3
⋅R4

⋅Lw

,

(2)
SNR=

Pr

kTB ⋅FN ⋅Lw

.

T A B L E  1  Commercial TTWRs and their features [4–6]

Features Xaver 100 STM DAR RO 400 TeTWis 4.3 PRISM 200

Modulation UWB UWB/SFCW N/A UWB SFCW UWB

Band (GHz) 3–10 1–5 0.2–0.6 1.9–3.6 1.6–2.2

Range (m)a 4, 8, 20 12 21 20 N/A

Resolution (cm) 50 7.5 15 N/A 30

Weight (kg) 0.66 7.5 5.5 7.2 5.7

Comments 1D, Handy 2D, Portable 2D, Portable 2D, Portable 2D&3D, Portable
aMaximum detectable range (no guarantee for the through-wall operation). 

T A B L E  2  Wall penetration losses [13,14]

Materials
4 
GHz 10 GHz

24 
GHz

Plywood (2 cm) 1 dB 2 dB 3 dB

Pine Board (2 cm) 1 dB 2 dB 4 dB

Clay Brick 2 dB 3 dB 5 dB

Concrete Block 5 dB 13 dB 35 dB

Reinforced Concretea 39 dB N/A 45 dB
aFrequencies at 5.8 GHz, 28 GHz w/33 cm wall [14]. 
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where Pr is the received power; Pt is the transmit power, Gt, Gr 
are the transmission and reception antenna gains, respectively, 
� is the radar cross-section of the target, � is the wavelength, R 
is the radar range, SNR is the output signal-to-noise ratio of the 
receiver; k is the Boltzmann constant, T is the absolute tem-
perature, FN is the noise figure of the receiver, and Lw is the 
wall loss.

Based on the equations, the wall loss decreases the received 
power and the SNR of the link. For through-wall operations, 
the radar transceiver needs to maintain the SNR in spite of the 
loss. The target motions (ie, human) are very slow compared 

with the radar operation time (ie, PRF-pulse repetition fre-
quency). The received echo signals can add up coherently for 
many pulse repetition interval (PRI) durations (ie, inverse of 
PRF). To compensate a concrete block wall loss (ie, ~20 dB 
for both ways), the radar architecture in this study utilizes the 
repetitive coherent addition in the reception of the echo pulses.

The second-order effects due to the wall, such as the 
“blocking zone” emerge especially when the direct wall 
blocker saturates the radar receiver. The radar control logic 
seen in Figure 1 can control sensitivity dynamically to mit-
igate the wall effect. In contrast to the wall-contacting op-
erations that avoid the wall blocker effects, the prototype 
radar for our work needs to operate from the wall. The proto-
type radar includes reconfigurability for the range. The wall 
blocker can be separated from target candidates.

2.2 | Time-expansion radar

A human target is nearly stationary compared with a single 
radar operation time (PRI). Multiple pulses can be transmit-
ted for echo pulse recovery. The reconstruction is achieved in 
a piece-by-piece manner from the multiple received pulses. 
Therefore, the recovered pulse is observed in an “expanded 
time” scale. Time-expansion radars that utilize repetitive re-
ception have been demonstrated [7–9]. The principle of the 
operation is presented in [10]–the Appendix

The IR radar detects its range based upon the time relation 
between transmit (TX) and receive clock (RX) clocks (CLKs). 
At the rising edge of the TX clock, the transmitter fires an im-
pulse through the antenna. After a round-trip delay, an echo 
pulse returns. Figure 2 shows the timing diagram of the clock 
signals used in the proposed radar. From one TX/RX clock op-
eration (within a PRI seen in Figure 2A), the receiver recovers 
a single-range point among the full range of points (bins). To 
recover a different range of points, the TX–RX delay (Td) needs 
to change. The delay resolution (δt in Figure 2) determines the 
range resolution. For full-range recovery, multiple pairs of TX/

F I G U R E  1  (A) Through-the-wall radar system architecture and 
(B) radar system-on-chip (SoC) block diagram

(A)

(B)

F I G U R E  2  Timing diagram of the radar (A) clock signal, timing resolution(t), TX and RX clocks, and (B) TX–RX delay profile

(A) (B)
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RX clocks are used. Figure 2B shows the TX–RX delay (Td) 
profile for the range sweep between Rmin to Rmax. The profile is 
reconfigurable for a specific user environment.

For example, with a PRI of 100 ns (15-m range: 0:5c × PRI), a 
resolution of a 100 ps delay results in 1k samples (100 ns/100 ps) 
and it takes 100 µs (1k × 100 ns). By applying repetitive sam-
plings for each range, the recovery time will increase to 10 ms 
(100 μs × 100). Therefore, the time-expansion radar allows us to 
observe a 100 ns range within the 10 ms timeframe. Furthermore, 
repetitive reception at the same point range improves the SNR. 
Based on the weak law of large numbers [15], reception ap-
proaches signal values (ie, mean), while noise (ie, variance) 
drops proportionally with respect to the number of samples.

2.3 | Transceiver architecture

Figure 1 depicts the block diagram of the proposed through-
wall radar system. Being restricted by the small-form factor 
as well as performances, a radar SoC with reconfigurability 
is optimal. To achieve this, the control logic is embedded as 
found in Figure 1B. An external processor can control the 
radar operation and perform the signal processing. The ex-
ternal processor can easily handle generic inputs/outputs 
(IOs), such as the displays and switches. The radar operates 
in real time. Continuous receiving/digitizing echo pulse and 
processing operations used to obtain target information are 
conducted. Details are discussed in the following section.

Clock-synchronized RX and TX operations are per-
formed. The clock generator produces all the necessary clock 
signals, and the control logic adjusts the clock delay and 

sets the delay profile. The detection range is set by choos-
ing TX–RX delay, Td, and coherent reception is achieved 
by adjusting, Tavg, as seen in Figure 2. The controller also 
contains 64 registers that can tune the transceiver character-
istics, such as the receiver gain allocation, impulse width, 
and the center frequency. The radar link (1) indicates that a 
sensitivity better than ~ −70 dBm is required for a beyond-
the-wall human target with a height of 4 m (RCS of 0 dBsm, 
wall loss of 30 dB). A coherent detection gain of 20 dB is 
assumed. The gain is distributed in the RX chain as follows: 
adjustable gain of 5 dB–35 dB for the low-noise front-end 
stage, >40 dB of dynamic range at the final stage of the op-
erational transamplifier (OTA). The bandwidth for the RX 
sampler (THS) is targeted and is >5 GHz. A transmitter 
bandwidth of 3 GHz–5 GHz with an adjustable pulse width 
is aimed to mitigate possible process-voltage-temperature 
(PVT) variations.

2.4 | Hand-held prototype

The prototype TTWR is shown in Figure 8. The prototype 
system displays the real-time target information at the rear 
display unit. The radar SoC interfaces with an external pro-
cessor. A commercially available single-board computer 
(SBC) is used, and a 5  V rechargeable battery powers the 
system. The SBC is based on the ARM™A8 processor fea-
turing 1 GHz clock speed and 2000 MIPS. The SBC config-
ures the radar SoC and collects the reception data through 
an analog-to-digital converter (ADC). Real-time operation is 
performed. The SBC maintains the routine of completing the 

F I G U R E  3  Embedded radar control 
logic for the through-the-wall radar 
(TTWR) [Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  4  Clock generator block 
diagram

www.wileyonlinelibrary.com
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data process before new data become available. The opera-
tion flow chart is shown in Figure 11.

Wideband antennas (3 GHz-5 GHz) shown in Figure 8 are 
used in the TTWR. The antenna has a gain of ~9 dBi and the 
return loss, S11, is less than −10 dB. Four-patch design with 
back-plane reflector is adopted for high directivity. The radar 
has a gun-shaped exterior for intuitive operation. The radar 

operates by point-and-shoot with a trigger. A readily avail-
able 5-V rechargeable battery powers the system. The system 
can operate for more than an hour continually.

3 |  CIRCUIT IMPLEMENTATION

This section describes a circuit implementation of the pro-
posed radar SoC. The supported radar operations include 
the variable detection range, SNR enhancement, and trans-
ceiver adaptation. The embedded control logic and its 

F I G U R E  5  Transceiver circuit block diagram: (A) A single stage of the three-stage, front-end, low-noise amplifier (LNA) is shown, (B) 
wideband sampler (half the circuit is shown), (C) back-end gain stage, and (D) spectrum adjustable transmitter

(A)

(B)

(C)

(D)

F I G U R E  6  Chip micro-phot [Colour figure can be viewed at 
wileyonlinelibrary.com]

T A B L E  3  Test conditions and results [16, 17]

Conditionsa Subjects Resultsb 

Smoke Walking man, corridor >10 m

Wall1 Walking man, room >3.5 m

Wall2 Walking man, room >3.5 m

Wall3 Walking man, room >3.5 m

Debrisc Torso movements, collapse at 2 m
aConditions [16], wall1 (ALC block), wall2 (board wall), wall3 (tile wall). 
bdetection probability in [16] from multiple experiments (>20): >95%. 
cTested at disaster research infra at Young-il Bay, Pohang [18]. 

www.wileyonlinelibrary.com
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interface with the radar clock generator are stressed. The 
impulse transmitter and the wideband sampling receiver are 
explained.

3.1 | Embedded radar controller

As discussed, to overcome the harsh invisible conditions, 
the radar operates based on the clock signals that allow re-
configurable operations. The logic is implemented with a 
hardware description language (HDL), and is integrated in 
the radar SoC to achieve detection range selection, SNR 
enhancement for wall penetration, and transmitter and re-
ceiver mode settings. The controller interfaces with an ex-
ternal SBC with serial peripheral interface (SPI) with which 
the radar operation is set. The radar detection range is con-
trolled by altering the TX-RX time delay, as discussed in 
Section 2.2. It is possible to selectively include (or exclude) 
the range of interest. The range exclusion affected by the 

wall, or an inclusion for the interest range is possible. The 
range selection, that is, the full-range (FR)/window (WD) 
mode shown in Figure 3, can flexibly adjust the TX-RX 
delay based on the selection of the switches in the clock 
generator, as discussed in the next section.

Radar transceiver modes are adjustable by setting the 
reference biases in the transceiver. Receiver sensitivity and 
linearity are controlled by selecting the gain distribution 
in the receiver stages. Tradeoffs between sensitivity and 
linearity can be achieved in different conditions. Increased 
sensitivity in smoke conditions results in the longer range, 
while through-wall operations require linearity and SNR 
enhancement set with increased, Tavg values. The impulse 
shape of the transmitter—pulse width and frequency—can 
be controlled, as discussed in the next Section 3.3.

3.2 | Clock generator

The radar operates with clock signals in a synchronous man-
ner. From a 10 MHz reference clock signal, the clock genera-
tor that adopts delay locked loop (DLL) defines fine delays 
based on the delay in controllable delay lines [7]. Figure 4 
shows the block diagram of the clock generator. Fine delays 
of ~100 ps (~1k phases) are available formulated in the form 
of �t in Figure 2A. Therefore, the range resolution is 1.5 cm. 
A TX-RX delay (ie, detection range) is selected by choosing 
multiplex (Mux) switches in the DLL. From the coarse Mux, 
one can select the time delay of a meter resolution whereas a 
centimeter resolution is attained from the fine Mux. By using 
a multistage architecture, the area and power efficiency is 
achieved. By changing the ~1k delays selection into the com-
bination of the coarse and fine Mux switches, ease of control 
is also achieved. To ensure the lock of DLL with the reference 
clock, the DLL lock indicator flags are used.

3.3 | Impulse radio transceiver

While interfacing an RX antenna, a front-end low-noise am-
plifier (LNA) converts the single-ended impulse signals into 
differential ones. Subsequently, cascaded three-stage differ-
ential pairs observed in Figure 5A further amplify the signal. 
To obtain a wide bandwidth, the gains at the peak-frequencies 
are staggered at each stage. The programmable gain can be 
set for the optimal reception of the impulse. The simulation 
results show that the maximum gain of 40 dB at 4 GHz and the 
bandwidth is >1 GHz. As mentioned in Section 2, a sampler-
based receiver directly samples the received echo pulses using 
a wideband sampler. With the clock scheme, the sampling 
also allows the additive reception of the echo signals. The RX 
clock signals drive the wideband sampler, as shown in Figure 
5B to sample the amplified impulse from the LNA. The source 

F I G U R E  7  Transmitter impulse waveform and its recovered 
waveform from the receiver. Transmitter-to-receiver loop-back test 
with an attenuator was conducted

F I G U R E  8  Through-the-wall radar prototype system used in the 
experiments
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follower switch is adopted to attain a wide bandwidth [7]. The 
final stage of the RX interfaces with external components, 
typically with an ADC on board. To maintain the desired 
amplitude and common-mode level for the received impulse 
signal, an operational transconductance amplifier (OTA) de-
picted in Figure 5C is utilized. Capacitor loads on board for 
the OTA act as a filter that suppresses on-board clock noise. 
The radar system consists of multiple boards. Thus, on-board 
clock noise suppression is important.

The transmitter radiates impulses that occupies 3 GHZ-5 
GHz spectrum at the rising edges of the TX clocks by uti-
lizing a triggered oscillator. The circuit diagram of the 
triggered oscillator is shown in Figure 5D. The TX clock 
signal initiates the oscillation of the starved ring oscilla-
tor for variable time (ΔT). The delay of the ring oscillator 
can be set. As a result, the variable pulse width and center 
frequencies are achieved [7]. Two low drop out (LDO) cir-
cuits are used so that (a) the TX prevents TX pulses from 
coupling to the supply voltage and (b) the RX maintains 
a clean supply voltage for the front-end circuits. Digitally 
controlled small-sized, 8-bit, R-2R DACs are used for bias 
control for the SoC (Figure 6).

4 |  MEASURED RESULTS AND 
DISCUSSIONS

The prototype radar is evaluated at different scenarios ac-
cording to the test standards for human detection at disaster 
scenes [6–18]. This section describes test methods, environ-
ments, and the measured results of the prototype radar.

4.1 | Measurement environments

Disaster scenes where the prototype radar is used cannot 
be easily reproduced in a laboratory environment. The per-
formances, however, need to be confirmed at the disaster 
scenes. The specialized test site has been constructed for dis-
aster response research studies [18]. The prototype radar was 
tested onsite. the limited visibility conditions due to aerosol 
particles, beyond-wall detection (various materials), and col-
lapse debris are quantified. The test standards for the human-
life detection radars are established. Test environments, test 
methods, detection range, and human poses are defined [16]. 
The measured results are summarized in Table 3.

4.2 | Measured results

Before building the prototype TTWR, the radar SoC is tested 
in a separated board to confirm the functionalities. With a 
direct TX-to-RX through connection (proper attenuators), the 
controllability and radar operation modes for different envi-
ronments are checked. Figure 7 presents the measured trans-
mit pulse from the antenna port. The pulse width of ~1 ns and 
the amplitude of 1 Vpp are shown. The center frequency of the 
impulses is ~4 GHz. The variable bandwidth (sub-ns to tens 
ns) is attained by setting VPW, as shown in Figure 5D. The 
recovered pulse from the RX is shown in the inset. The clock 
was set to sweep the range after 1000 repetitive reception cy-
cles (see Figure 2). Given that a PRI of 100 ns is used, 100 µs 
(1000 × 100 n) of Tavg is observed. The measured power dis-
sipation of the radar SoC is less than 120 mW which is a frac-
tion of the prototype system dissipation (Table 4).

The prototype TTWR shown in Figure 8 displays re-
al-time target information on the screen Figure 9; the radar 
is also able to keep raw data on the storage device for the 
post analysis. Detection for walking man is conducted in an 
open corridor with visible distance <2 m, as defined in [17]. 
Figure 10A Shows measured data of a single radar frame, that 
is, the range and the target amplitude response. The radar up-
dates the frame every 78 ms after five frame collections and 
their preprocessing. To get the frame data, the clock signals 
are generated according to the predefined TX-RX delay pro-
file (see Figure 2B) and drive the radar transceiver. The range 
point of 650 that corresponds to ~9.8 m is set for the experi-
ments. The preprocessing includes a moving target indication 
(MTI) filter which subtracts the stationary background noise 
from the current frame. The previous k frames are weighted 
optimally for the best detection in each scenario as follows,

Figure 10B shows the range decision points (ie, target lo-
cation) at each frame. The target location displayed on the 

fMTI[n]= f[n]−kTOTO
∑

wkf[n−k].

F I G U R E  9  Exemplary in-door experimental environments: 
(A) open corridor, (B) tile wall, (C) autoclaved lightweight aerated 
concrete (ALC) wall, and (D) brick wall [Colour figure can be viewed 
at wileyonlinelibrary.com]

(A)
(B)

(C) (D)

www.wileyonlinelibrary.com
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screen of the prototype radar is replotted with time. The 
blue (fluctuated) line shows the raw point range following 
the threshold target decision. The smooth (orange) line cor-
responds to the estimation based on the Kalman filter. Large 
jumps at the target range from the previous locations will 
have diminishing effects for the update of the newly esti-
mated target location, thus yielding a low-pass response. The 
flow chart of the radar is presented in Figure 11.

The TTWR was tested under the collapse debris in [18] 
with several materials. Figure 12 shows the experiment 
scene, whereby debris is mostly contributed from concrete 
walls and some from wood boards. The pile thickness is 
greater than 0.5 m. With restricted motion within 1 m, the 
radar reception is mainly attributed to the torso and upper 
body movements of the target. The bottom part of Figure 12 
shows the response from thick debris and periodical move-
ments from the target.

Figure 13 shows the experimental results for the through-
wall detection. A walking human target beyond autoclaved 

F I G U R E  1 0  Experimental data for a man walking in a corridor: 
(A) A-scan raw data and (B) target location at the frame [Colour figure 
can be viewed at wileyonlinelibrary.com]

(A)

(B)

F I G U R E  1 1  Prototype radar operation flow diagram [Colour 
figure can be viewed at wileyonlinelibrary.com]

F I G U R E  1 2  Collapse debris experiment and results [Colour 
figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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lightweight concrete (ALC) block wall (thickness 20  cm) 
is measured and the results are shown in Figure 13A. The 
upper figures show b-scan images, that is, aggregations 
of a-scan data in two-dimensions (2D) (an example of an 
a-scan is shown in Figure 10A) wherein the target location 
(range in x-axis) vs time (frame number in y-axis) is shown. 

In the bottom figure, the target location point (y-axis) is 
plotted at each frame (x-axis). As observed, the estimation 
filter corrects some of the false target locations from the raw 
data. Figure 13B and C correspond to the different walls 
(plaster board and tiled wall, respectively). Note that the 
limited range in the test data is attributed to the room size. 

T A B L E  4  Radar transceiver ICs and through-wall radar comparison

Features This work [2] [8] [9] [10]

DUT (Weight) Prototype system (0.9 
kg)

Commercial product (7.5 
kg)

Test board (-) Test board (-) Test board (-)

Transceiver Radar SoC Discrete module Radar SoC Radar SoC Radar SoC

Integration (Tech.) TX/RX/Logic (130n) Discrete ICs TX/RX 
(130n)

TX/RX/ADC 
(55n)

TX/RX (130n)

Target Through-wall Through-wall Walking Breathing Movements (2.5 
mm)

Operationa UWB UWB UWB UWB Impulse

Frequency band (GHz) 3–5 0.4 ± 30% 0.8–5 7.29 ± 1.4 0.5–1

R
max

,ΔR (m, cm) 15, 1.5 12, 7.5 15, 0.75 9, – –, 0.25

Precision (mm, ps) 15 NA N/A 4.2b 2.5

Power dissipation 
(mW)

115 NA 695 118 30

Chip area (mm2) 3.1 NA 11.9 8.6 1
aUWB band definition FCC, ITR-R (ITU-R SM.1755-0). 
bSampling rate 23.328 GS/s. 

F I G U R E  1 3  Through-wall measurements: (A) Autoclaved lightweight concrete (ALC) block wall, (B) plaster board wall, and (C) tile wall 
[Colour figure can be viewed at wileyonlinelibrary.com]

(A) (B) (C)

www.wileyonlinelibrary.com
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A detection range greater than 3.5  m is measured for the 
walking man beyond the ALC concrete wall with a thickness 
of 20 cm.

5 |  CONCLUSIONS

Through-wall radars can enhance efficiency in rescue operations 
and particularly in disaster scenes with limited visibility owing 
to smoke, walls, and collapse debris. To overcome increased 
losses in the radar link, and to maintain small-form factors, an 
SoC radar for the TTWR is proposed. Additive reception based 
on the coherent clock and reconfigurability fulfills the demands 
for TTWRs. The SNR is enhanced with clock-based coherent 
reception. Reconfigurability of the radar reception is critical 
and optimal radar settings are different at the various condi-
tions. Embedded radar logic interfacing through SPI sets the 
radar operation mode and transceiver conditions.

The clock-based radar transceiver architecture is imple-
mented. The clock generator (100 ps resolution) was tightly 
interfaced with the radar logic and provided all the necessary 
clock signals for the radar. The clocked impulse transmitter 
and the wideband sampling receiver were also optimized.

Measurement conditions and scenarios were proposed, and test 
standards for a human-life detection radar sensor were established 
[16,17]. The specialized facility for disaster response has been con-
structed. The prototype radar was measured with the established 
test standards. The prototype operated in real time and displayed 
the detection results on screen by responding to the user trigger 
input. In a nonblocking scene (smoke), a detection range greater 
than 10 m was measured. For beyond-wall human-detection appli-
cations, a detection range greater than 3.5 m was achieved.
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