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INFO ABSTRACT

In this paper, a portable Frequency Modulated Continuous Wave (FMCW) radar system
was designed and implemented for human movements and breathing detection. The radar
operates with a frequency band ranges from 4.7 to 4.9GHz. The radar sub-systems were
designed and simulated using up to date computer-aided-design tools before

implementation. The Voltage Controlled Oscillators (VCO), high gain antenna, low loss

E:ﬂyév\?vrds. power divider/combiner, and a high selectivity bandpass filter were implemented, and their
Radar parameters were measurgd gging a microvyave analyzer. The simulated results and the
Human measured results sh0\_/v a S|gn|_f|cant _correlatlon. The new RF_front end mod_ule compope_nts
Breathing er_1hanced the rgdar 5|gnal_-n_0|se—rat|o (SNR), and Fhe breathing rate detection. The Digital
Detection Signal Processing (DSP) is implemented on the Field Programmable Gate Array (FPGA)

board for movement and breathing signals detection processing in real-time. Highly
sensitive detection, configurability, low cost, low power consumption, and portability were
considered in the designed system. We believe that the enhanced reconfigurable radar
system will be helpful in several biomedical monitoring applications.

1. Introduction power with its capability of measuring the target range, especially
for small cross section area targets. Because of that, FMCW radars
were used in human breathing and heartbeat estimation and human

movements detection applications [5]. In [6], a 24.15 GHz FMCW

Human breathing estimation is very important in security,
medical, and homecare applications [1]. In security applications,

special military troops use the human breathing detection devices
to detect human behind walls in case of building enforcement
operations. In medical applications, vital signs monitoring was
proposed in US patent in 1990 [2]. After that, human breathing and
heartbeat estimation instruments for medical application were
introduced since 1993 [3]. Hospitals use human breathing radars
to estimate the breathing especially for burned skin or COVID-19
patients where it is preferred not to contact the medical crew. In
homecare applications, the population of Americans edged more
than 65 years will grow to 90 million people in 2050 [4]. These old
peoples who lives alone need to be monitored using breathing and
heartbeat detection radars to detect sudden medical problems and
report them to an emergency medical center.

Radar systems may be designed to be pulsed or continuous
wave transmitters depending on the required application.
Frequency modulated continuous wave (FMCW) radars
outperforms the pulsed radars in transmitting higher average

“Corresponding Author: Ahmed Sayed Ismail Amar, 434 king Faisal street, Cell
No. +0201065664849 & ahmed.s.i.amar@ieee.org

www.astesj.com
https://dx.doi.org/10.25046/aj0505156

radar with a scanning bandwidth of 72 MHz was used to extract
the human heartbeat rate signal. In [7], a 24 GHz FMCW radar was
used for heartbeat rate estimation. The clutter noise was canceled
but the effect of human limbs motion decreased the human
breathing estimation rate accuracy. According to the selection of
the operating frequency band, the human chest cross section area
has its highest value in the frequency band 3-4 GHz and the
received signal-to-noise ratio is high in the frequency band 4-6
GHz [8], [9] .However, many FMCW radars for human breathing
rate estimation were designed and implemented in other frequency
bands such as 2.4 GHz, 9.6GHz, 24GHz, and 77GHz [7], [10]-
[13]. The harmonics of the human breathing frequency may
interfere with the heartbeat rate that result in heartrate estimation
failure [10]. One of the most effective methods is to use comb
filters to remove these harmonics [14]. For C-band biomedical
radars, the state-of-the-art presented the radar systems without
considering configurability, cost, and design reliability which is
covered in this paper.
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Most uses of radar can be classified as detection, tracking, or
imaging. In this research, the scope is on radar detection. The most
fundamental problem in radar is detection of an object or physical
phenomenon. This requires determining whether the receiver
frontend output at a given time represents the echo from a
reflecting object or only noise. Detection process starts with using
the techniques of signal acquisition and interference reduction
necessary to perform these tasks. These techniques were discussed
briefly in [15] and the signal is then processed for a decision.
Detection decisions are usually made by comparing the amplitude
of the signal to a threshold which may be set a priori in the radar
design, which is not preferred because noise changes over time, or
may be computed adaptively from the radar data.

Digital signal processing on the radar returns can be
implemented using main task functions such as: Moving Target
Indicators (MTI), Constant False Alarm Rate (CFAR), digital
integrators, and target information packet extractors [16]. These
main functions can be set to be configurable. For example, CFAR
techniques have been developed in the last few decades such as
order statistics CFAR (OS-CFAR) [17], cell average CFAR (CA-
CFAR) [18], greatest of CFAR (GO-CFAR) [19], and smallest of
CFAR (SO-CFAR) [20]. Each one of these techniques is suitable
for specific environmental conditions. The DSP can be design to
select the desirable technique by the user.

In this paper, a configurable C-band FMCW radar is designed
and implement for human breathing detection. Section 2 presents
the principal of operation. Section 3 present the Radio Frequency
(RF) components design and implementation. Section 4 is the
measurements results, section 5 presents the conclusion, and
section 6 discusses the future work .

2. Principles of Operation

The FMCW radar range resolution depends on the transmitted
signal bandwidth while the maximum range can be calculated from
the chirp time interval. (Figure 1.a) shows the linear variation of
the transmitted frequency from f start to f stop where the
bandwidth is equal t0 fi;, — fstare- The chirp time is T_chirp,
that the maximum range is equal to C X T¢p;y, /2, Where C is the
light propagation velocity. The transmitted signal x.(t)can be
presented by:

BW
x¢(t) = Arcos(mfspqre- t + n%tz + (1) @

where, A7 is the amplitude of the transmitted signal, BW is the
bandwidth, and ¢(t) is the transmitter phase noise. When a
transmitted signal hit a target, it reflects with attenuated amplitude
and time shift related to the target range. The received signal x;(t)
can be presented by:

BW
Xy = Ag COSQT frare(t — Tq) + ﬂm(t - Td)z + ot —
74)) ©

where, Agis the attenuated received signal amplitude, and z, is
the round-trip delay from the radar antenna to the target and back
again to the radar, and is given by:
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where, R is the target range. When the received signal is mixed
with the transmitted one, the output can be presented by:

1 BW
y() = E * Ap x Agcos [(2rtfspqret + 70 t
chirp
BW
+9(t) — 2nfsare(t — 74) — ﬂTchirp (t—19)?
—p(t — 74))] (4)
y(t) = A cos 2TifpqriTq + 2T (TB:/ ‘rd) t
chirp
BW
w2k + A1) ©

After simplifying y(t), it can be expressed as,

y(t) = A cos [(2nfyt + @y (£) + Ap(1))] (6)
where, A it the amplitude of the received signal (t) , f;, is the beat
frequency and it is equal to a4 T4, @ (t) is the received signal

Tchirp
phase and it equals to 2nf,t; — nBT—WTé, Ap(t) is the phase noise
and itequalsto ¢(t) — @ (t — t4). When the target is moving with
a specific speed, Doppler frequency adds to the beat frequency and
becomes f;, + fp, where f;, is the Doppler frequency. (Figure 1.b),
shows the phase difference between the two mixed signals (f;, +

/o).

The phase noise is not considered in this research. The term
T (BW /Tepirp) T4 is very small compared to f, and can be
neglected. Then, the beat signal which is equal t0 27 f; 0 Tq +

a4 T4, IS processed to extract the target parameters.
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Figure 1: Sawtooth based FMCW radar basic concept: (a) Transmitted and
received signal in the frequency-time domain, and (b) single target beat signal
3. System Design

In this section, the design of a C-band FMCW radar for human
breathing rate estimation is presented. The system is implemented
using RF components and configurable digital signal processing
subsystem.
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3.1. General Overview of the Proposed Radar

(Figure 2) shows the block diagram of the proposed radar. A
single channel architecture is utilized in this design, in order to
reduce hardware and memory resources, computation complexity,
hence; a cost effective design can be achieved

A function generator board is used to control the Voltage
Controlled Oscillator (VCO) to generate a chirp signal with a
frequency ranged from 4.7-4.9 GHz. The VCO output is divided
into two different ports using 3dB equally power divider. The
output of the first port of the divider is connected to a bandpass
filter (BPF) from 4 GHz to 5 GHz. The filter output then is sent to
the power amplifier with a 20dB gain, and transmitted through a
horn antenna with 16.5dB gain. The receive antenna which has the
same gain of the transmitter antenna, receives the signal, then a
24dB Low Noise Amplifier (LNA) is used to amplify this signal,
then the signal is sent to a BPF operates from 4 GHz to 5 GHz,
then this signal is mixed with a replica of the transmitted signal
coming from the second port of the power divider, to perform the
frequency down conversion. A Low Pass Filter (LPF) then is used
to filter the mixer output signal from the unwanted signals. An 8-
bit Analog-to-Digital Converter (ADC) is used to digitize the
analog signal, then the digital data is passed to the FPGA for signal
processing. A PC is connected to the FPGA output for further
processing, and a screen is connected directly to the FPGA to
show the targets and the target history.

Splitter

AD
Converter

Figure 3: Fabricated radar system.

www.astesj.com

3.2. Radar System Parameters

A 75 cm range resolution is achieved by using 200 MHz sweep
bandwidth from the VCO.

The following equation is used to determine the range
resolution.

Rpes = ﬁ @)
where C is the light speed, and BW is the proposed bandwidth.
(Figure 3) shows the fabricated radar system, which considers the
radar components fixation.

In this design, a chirp duration T, of 1 ms is chosen. Table 1
shows a listed ssystem parameters. A sampling rate of 2.048 MHz
is used for sampling the signal with a band of frequencies that
includes the targeted f;,. The beat frequeny can be calculated using
equation (6), by measuring the delay time between the transmitted
signal and the received signal, the mixer can do this job by mixing
these two signals, then the range can be measured. (Figure 4)
shows the collected radar data: the x-axis is the fast time direction,
each column represents one range cell, while y-axis is the slow
time direction, each row represents one complete received chirp or
one Coherent Processing Interval (CPI). To get the target’s range,
then Fast Fourier Transform (FFT) can be performed in the fast
time direction, while performing FFT in the slow time direction
gets the target’s doppler information. (Figure 4) shows the target’s
movement in many range cells, while another stationary target
exists in the same range cell across the slow time direction.

Table 1: Radar system parameters

Parameter Value
Output Power 16 dBm
Center Frequency (f.) 4.8 GHz
Sweep Bandwidth (BW) 200 MHz
Sampling Rate (f) 2.048 MSPS
FFT Points 2048 point
Chirp Duration T, 1ms
Frequency resolution 1KHz
Range resolution 0.75m
Maximum Number of Available 1024 Range Cell
Range Cells
Range of Interest 15m
Battery Used 11.1v/5A
Power Consumption 19.98 W
Radar operation time for a single 2.5 Hours
charge
Device Cost 800 $

3.3. Radar RF Front End Module

In our previous work, the (VCO), bandpass filter, power
divide/combiner, and the antenna were designed and fabricated for
a human breathing radar system [21]. In this work, a step forward
in the design and fabrication was accomplished by introducing
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more analysis and design tuning. The radar Radio Frequency-Front
End Module (RF-FEM) circuits are enhanced to improve the
(SNR) of the received signal, and therefore improving the
breathing rate detection. The new (RF-FEM) circuits are improved
to be low cost, compact, high selectivity, low insertion loss in the
passband, high isolation in the stopband, excellent return loss,
equal phase, and equal amplitude. The (RF-FEM) architecture
consists of a single transmitter and a single receiver as presented
in (Figure 2). In the transmitter subsystem, a monolithic (VCO)
chip TGV2562-SM is utilized to generate frequencies from 4.7 to
4.9 GHz In order to generate a chirp waveform with a preselected
bandwidth, a sawtooth signal is used. The VCO printed circuit
board is designed, fabricated on Rogers RO4003 substrate material
with dielectric material &, = 3.38, thickness (h) of 0.203 mm,
and loss tangent (tand = 0.0022) as shown in (Figure 5). The
VCO circuit is measured using N9918A spectrum analyzer, and
the VCO output sweeps over the range from 4.7 to 4.9GHz.
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Figure 4: Radar data collection.

Figure 5: Fabricated printed circuit board of the VCO

equations (Figure 2) shows that the VCO output is connected
to a 2-way power splitter. the output signal divides into two paths,
a BPF in the transmitter subsystem, and a mixer in the receiver
subsystem. (Figure 6) shows the design of a compact microstrip
two-way equal Wilkinson RF power divider resonates at 4.8 GHz
using CST software. the simulation results within the passband
have good matching, isolation, and less than 0.15dB losses as
shown in (Figure 6). The proposed power splitter is fabricated on
Rogers RT6006 substrate with dielectric constant &, = 6.15,
thickness (h) of 0.64 mm, and loss tangent (tand= 0.0023) and
tested using N9918A Vector Network Analyzer (VNA). The
measured results show minimum insertion loss 0.2dB, Return
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Loss, isolation below -23dB in the operating frequency band as
shown in (Figure 7).
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Figure 6: Power divider simulation results and the design structure
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Figure 7: Measured S-parameters results of the fabricated power divider.

A high selectivity BPF is used to select the proposed RF signal
on the transmitter subsystem and the receiver subsystem. The
design of the presented BPF is based on a microstrip interdigital
filter using CST software as shown in (Figure 8). The order of the
interdigital filter is five. the simulation results of the proposed
wideband BPF is illustrated in (Figure 8). The filter is fabricated
on the epoxy Rogers 6006 substrate. Both measured and simulated
results of the proposed wideband BPF have low insertion loss -1.1
dB, and good return loss. A good match is found between them the
simulated and measured results. The simulated S-parameters are
centered at 4.8 GHz while the measured results are shifted slightly
and centered at 4.75 GHz as shown in (Figure 9). Any small
difference between simulated and measured results from maybe a
result of the standard manufacture defects and the copper surface
roughness [22].

The BPF output on the transmitter subsystem is amplified via
the use of a ZRON-8G+ Mini-Circuits power amplifier. The output
of the amplifier is attached to a high gain transmitter antenna. The
transmitter antenna is a pyramid horn antenna operating at C-band.
(Figure 10) shows the design model and the simulated return loss
of the horn antenna using CST software. The simulated results of
3-D radiation patterns of the antenna are given in (Figure 11). The
antenna gain is more than 16.5 dB over the operating bandwidth.
The horn antenna is fabricated from an aluminum sheet with 3mm
thickness as shown in (Figure 12). The simulated results using the
CST simulator are compared with the measured one and it achieves
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good agreements. The antenna return loss was measured using
N9928A Field Fox handheld microwave VNA. As illustrated in
(Figure 12), the simulated and measured return loss results of the
antenna are less than -10 dB in the operating bandwidth.
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Figurer 8: CST structure of the interdigital filter and the simulation results.
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Figure 9: Measured and simulated results of the proposed BPF.

Next, the RF echo signals are received in the receiver
subsystem via the receiving antenna, which is a composition of
clutter and targets. The receiving antenna is the same as the
transmitter antenna. The antenna output is amplified using ZX60-
542LN+ Mini-Circuits (LNA). A BPF filter follows the LNA to
select the proposed bandwidth. The filtered signal in the receiver
subsystem and the output signal from the power splitter in the
transmitter subsystem is mixed, using a wideband frequency mixer
ZX05-14-S+ to convert the signal to baseband down.
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Figure 10: Simulated return loss and the 3D view of the proposed antenna.
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o

Figure 11: 3D view of the Radiation pattern.
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Figure 12: Measured and simulated return loss results.

3.4. Signal Processing

The output of the mixer contains two major frequency
components, Sum and difference of the received signal and the
reference signal. The signal of interest is the low frequency which
contains the target information, Range and Doppler. A LPF is
designed and implemented with a cutoff frequency of 1 MHz to
filter the mixer output signal from the high frequency components,
(Figure 13) shows the filter response. The filtered signal then
passes through a 8-bit ADC at 2.048 MSPS sampling rate. The
FPGA receives the signal for signal processing.

10.0

Passband region

1MHz

0.0 Gain =0 dB Passband ripple = 0.08 4B

-3 dB down

-10.0

)
51
o

da
=3
o

Magnitude (dB)

400 40 dB down
500 2MHz
th order Chebyshev 0.08 6B
s0o | siages) Stopband region
& & o o & 5 \*
i & B N a® o & L3

Frequency (Hz)

Figure 13: Frequency response of the baseband LPF.

An FPGA board of type XILINX Nexys4, Artix-7 XC7A100T
FPGA board, is used for the implementation of the signal
processor. A pipelined (FFT) at 2048 point is applied to the ADC
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output in the fast time direction as shown in (Figure 14) to extract
the frequency component corresponding to the actual range.

Figure 14.a shows that the chirp signal is received continuously
through the receiver antenna and the LNA for a single moving
target. Figure 14.b shows the resultant signal form the mixer
output, which contains the target’s information, the range and the
Doppler. The amplitude of the signal increases and decreases
depending on whether the target is approaching or drifting away
from the radar. Figure 14.c shows the spectrum of the received
signal after performing FFT, a target’s frequency appears with the
largest amplitude which changes with the change of the received
target signal. The spectrum for each chirp then is stored in a
memory Figure 14.d, so that a second FFT can be performed in the
slow time for Doppler estimation as shown in Figure 14.e.

f .
3 ) $3 =
Received ool oF o s
Chirp O o CET | e o
>
(a) t
A
Mixer output ,
L MWW
(b) (Fast Time) t
4 Target's Range
ADC & -
Range FFT | ||| . —| / | e
em | || I
() (Fast Time) §
<
VN /\ A
Memory J \ w A * A
each Range cell \\/
¢ ge cell) o’ " .
(d) (Slow Time) t
Target's Doppler
A |-
Doppler FFT
e Ak . Mt i .
»
(e) f

Figure 14: (a) Received chirps, and (b) Mixer output, and (c) Beat frequency in
frequency domain, or spectrum of each chirp and (d) Storing target’s data into
memory for second FFT (slow time), and (e) Slow time FFT for Doppler estimation.

(Figure 15) shows the general block diagram of the digital
signal processor. After, the Moving Target Indicator (MTI) is
applied to the first FFT output, to remove the stationary targets.
MTI can be enabled/disabled, it depends on the target parameters
and the environmental conditions, and either one pulse or two
pulse cancellers can be selected depending on the targeted speed
measurement of the moving target. Then, an adaptive Constant
False Alarm Rate (CFAR) is applied, and either Smallest-of-
CFAR (GOCFAR) or Greatest-of-CFAR (SOCFAR) can be
selected, both having the widow size adjustable (16 or 32).

A decision based on an adjustable number of successive target
hits is made using a binary integrator; it can be manually turned on
or off during the device run-time operation, and the required
number of successive hits can be adjusted during the run-time
operation as well, without affecting the radar operation.

All the parameters that can be configured, are perfectly
synchronized by the synchronizer to avoid any errors due to
removing/adding signal processing blocks or changing numbers
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within each block in real time, during run time operation. The
output block can be separately sent directly to a host PC using
serial communication protocol during run-time to monitor and
track the received signal in each block, as well as for further
analysis, testing and processing.

External
Hardware/

: Snftware

Monitor

Control

Figure 15: Developed Digital Signal Processing block diagram using XILINX
FPGA.

3.5. Simulation Results

The simulation process is based on a simulated target from
the MATLAB software, the simulated target then is processed in
MATLAB software, the same MATLAB generated target is then
processed in ModelSim software (FPGA simulator) , then the
signal processing is applied, The outputs of FFT from both
MATLAB and ModelSim are compared with each other, the same
is applied to the MTI and CFAR. The results show that the outputs
of the MATLAB and FPGA are identical. (Figure 16) shows the
simulation criteria.

MATLAB

Simulated
Target

Conversion to .coe file

ModelSim

Model

Figure 16: Developed Digital Signal Processing block diagram using XILINX
FPGA.
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4. Experimental Results

In this section, two experiments are presented, in the first
experiment, a breathing signal is estimated from a human sitting in
front of the radar device. In the second experiment, an FFT process
is applied to a received signal from a human target moving back
and forth within certain range from the radar, the FFT-processed
data then is sent to the PC.

4.1. Breathing Detection

In this experiment (the first experiment), three measurements
were taken from a human in three scenarios:

A human is sitting at a distance of 2.25m, 6m and a
measurement without any target in front of the radar for results
comparison.

(Figure 17) shows the breathing signal at the 3 range cell
(2.25 m) in time domain, after applying first FFT, the received
breathing signal is caused by the human chest movement. After
performing the 2" FFT, a peak appears in the frequency domain
which represents the breathing frequency, as shown in (Figure
18)

14

@
512 20
g 1
L= 15
0.8
0.6 10
04
5
0.2
0
Range (x 0.75m)
Figure 17: Time domain breathing signal at the 3rd range cell.
1.0 T T T T T
" Breathing 2.25m
It - - - - Breathing 6m
0.8 ' - - - No Human i
3 '
=1 1
= '
£ 06 '
<C ]
he] 1
(<] 1
N \
E 0.4 !
S
=
0.2 o
0.0

Frequency (Hz)
Figure 18: Breathing signal detection results of two ranges.

(Figure 18) shows that a breathing signal has been successfully
extracted. Two peaks are detected at 0.4Hz and 0.37Hz detected at
a distance 2.25m and 6m, respectively, which represent the
breathing signal. To assure that the output peaks represent the
breathing signal, not noise signal from the surrounding area or the
thermal noise, a measurement was taken without a human in front

www.astesj.com

of the radar, the result as in (Figure 17) green dashed line shows
that the breathing frequency disappeared.

4.2. Movement Detection

In the second experiment, The radar device was placed in the
free space, and there was two tanks in the left of the radar as shown
in (Figure 19). The first data collected without a moving target
shows a weak signal at 15 meters as the two tanks was placed on
the left of the radar as shown in (Figure 20), a human is moving
within 15m back and forth as shown in collected data in (Figure
21), the figure shows that the target appears distinguishable from
the noise, as a result of the new RF components presented in this

paper.

Figure 19: Measurement setup.
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Figure 20: Data collected without moving target.
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Figure 21: Data collected with the moving target.

4.3. System complexity:

In this paper, the proposed radar system contains IF
components and RF components, The RF components comprises
new simple RF designs yet with the best performance, while the
readymade components are available in the market for commercial
use.

The IF section contains the custom locally manufactured
boards for this specific radar system, like ADC, LPF, Function
Generator (FG) and power supply with attached battery, all were
made by locally available components which made the IF section
the cheapest part in the system. The FPGA is chosen carefully by
calculating the needed resources for the DSP algorithm, that
assures the best choice of the FPGA to avoid the high cost FPGAs.

The whole system was intended to be designed as simple as
possible, to assure the availability of the required components, the
reliability of usage, simplicity in maintenance, with the best
performance as shown in previous sections.

www.astesj.com

Target’s Graph Target’s History Graph

History of the
humap at the range

Human
standing at
7.5m

Figure 22: Real target detected on the monitor from the FPGA directly.
Table 2: Previous Work Comparison

This
2 24
Parameter Work [23] [24]
4.7 GHz 2.1 GHz 8 GHz
Start frequency
Bandwidth 200 MHz 12.5 MHz 4 GHz
ADC sampling rate 2.048 MSPS 25 MSPS 1 MHz
i 1ms 1ms 100 ms
Sweep period
Power Output 16 dBm 33 dBm 2dBm
Configurability Yes No No
No software
required . GNU
i GNU Radio )
(Windows Radio
FMCW software and Ubuntu (Ubuntu) (Windows)
are optional)
Cost Low High High

The monitoring system is a key component in this system, the
system does not require a software at all, however, an optional
software is designed for target monitoring. A Video Graphics
Array (VGA) algorithm is implemented on FPGA, taking the
advantage of the remaining FPGA resources to show the signal
processing results on the VGA screen directly as shown in (Figure
22) and assures the real time detection of the targets and breathing
signal. The monitor screen can show the received signal in time
domain/frequency  domain, breathing signal in time
domain/frequency domain, CFAR target output with 5 seconds
target history. Switching between all the outputs on the screen can
be controlled using the configuration control screen. One
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advantage of the VGA controller is that the system takes only 10
seconds to boot.

The monitoring system is a key component in this system, the
system does not require a software at all, however, an optional
software is designed for target monitoring. A Video Graphics
Array (VGA) algorithm is implemented on FPGA, taking the
advantage of the remaining FPGA resources to show the signal
processing results on the VGA screen directly as shown in (Figure
22) and assures the real time detection of the targets and breathing
signal. The monitor screen can show the received signal in time
domain/frequency  domain, breathing signal in time
domain/frequency domain, CFAR target output with 5 seconds
target history. Switching between all the outputs on the screen can
be controlled using the configuration control screen. One
advantage of the VGA controller is that the system takes only 10
seconds to boot.

4.4. Previous Work Comparison

Table 2 Shows a comparison between the proposed radar
system and some other developed radar devices. The comparison
shows that the proposed radar system is gaining the advantage of
the configurability function, with relatively better price, in addition
to that, our system does not require any software or operating
system for the operation.

5. Conclusion and Future Work

In this paper, a reconfigurable radar system is proposed. The
radar device is designed for human movement as well as for
breathing detection. The proposed radar system is implemented
using a new low-cost RF front end component and a
reconfigurable radar signal processor. The radar device is aimed
to operate in different situations and multiple environmental
conditions. Depending on the required situations, MTI, CFAR and
binary integrator can be configured for better performance. The
system parameters can be reconfigured during the run time;
without affecting the working efficiency. The Proposed radar
system is compact and low cost compared to other radar systems
with some similar parameters and operates in outdoor and indoor
scenarios.

This research work will be extended by using software-
defined radio (SDR), to generate the LFMCW waveform and to
implement the digital receiver and DSP subsystem. SDR will help
in generating different transmitted waveform configurations,
decreasing the main to side-lobe level of the transmitted
waveform, decreasing the overall size of the radar system, and
reducing the cost. After that, many adjustments to the system can
help in increasing the operating range and the breathing rate
estimation accuracy. Additionally, some functions will be added
to the VGA screen for ease to use, like adding grids, numbers and
letters.
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