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Abstract. This paper proposes a radar signal processing scheme to simultaneously
detect gait-rate of moving human and vital signal of stationary human. To verify the
algorithm, we implement as control software a data acquisition system (DAQ) and
algorithm in a Personal Computer (PC) for real-time working. The results show the
extracted breathing rate and gait-rate. Based on the feature vectors, we can classify each
human with 82% accuracy.
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1. Introduction

Radar sensors are a major defense technology used to detect the range and velocity
of objects using microwave echo signals. Today, in the commercial area, radar sensors
have been used in various applications. However, current killer applications of radar
sensors have been limited to smart cars [1]. Recently, with smart platforms such as smart
buildings, smart homes, and smart cities, radar sensors are being applied to various fields
such as home appliances, lighting, and security[2]. Optical based sensors such as camera
and lidar are very sensitive the external environment, including weather and lighting
conditions. Moreover, because sensors can generate privacy concerns, consumers are
sometimes reluctant to use them [3]. Despite such concerns, radar sensors are robust
against external conditions, and can directly detect range between radar and object and
radial velocity of moving target.

Radar sensors can detect human vital signs [3]. But, because radar sensors have very
low angle resolution compared with camera sensors, there is a limitation in classifying
types of objects [3]. Moreover, unlike camera sensors, since radar sensors require
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customized hardware for individual applications, it is difficult to apply radar sensors to
various areas. In spite of these limitations, radar sensors are very attractive solutions to
detect humans. If radar sensors can easily classify humans among other objects, they can
be applied to various smart applications. In addition, if radar sensors can identify
individual persons using detected vital signs and motion signatures, radar sensors can
become major sensors for surveillance and security applications.

One of the popular radar methods in the commercial area is the FMCW (Frequency
Modulated Continuous Wave) method. FMCW can detect both ranges and velocities of
multiple objects. However, the transceiver circuit is complicated and more power is
consumed, due to the PLL (Phase Loop Look) component, than is consumed in CW
(Continuous Wave) radar [4].

CW radar can be designed with a simple architecture, but it has a limitation in that it
can detect only the velocity of a single object. However, the presence of moving humans
and the vital signs of stationary humans can be easily measured with simple signal
processing method [4]. Because the breathing signal has a very low frequency, which is
close to the DC (Direct Current), it is difficult to design a sharp filter to remove only the
DC signal and allow the vital signal to pass. Therefore, to detect vital signals using CW
radar, we must install an LPF (Low Pass Filter) to remove only high frequency signals
such as those of human motion. On the other hand, to detect a moving object with weak
echo at long range, the amplifier must be connected to the baseband. At this time, DC
and low-frequency signals must be removed to prevent signal saturation. It is thus
impossible to simultaneously detect the motion of a moving human and the breathing
signal of a stationary human using the conventional transceiver circuit of CW radar with
a single baseband.

In this paper, we propose a human identification scheme using the detected breathing
signal of a standing human and the gait-rate of a moving human with the designed CW
radar front-end.
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Figure 1. Designed radar platform concept
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2. Proposed Method and Measurement Results

We employ the designed radar front-end module of the previous work [4]. The front-
end module consists of trx antennas, an RF board, and an IF board, as shown in Figure
2. In the IF board, one I/Q channel is used to extract the vital signs and another I/Q
channel is used to detect human motion. For that, in the first channel, by using a low-
pass filter (LPF), only low frequencies including DC is allowed to pass. In the second
channel, the DC signal is removed and only high frequencies pass through the DC block
filter.

The center frequency of the radar front-end sensor is 5.8 GHz, the modulation
method is CW, the antenna's field of view (FOV) ranges from -15° to +15°, and the
maximum detection range is 15 m for moving targets and 1 m for respiration signals.

The designed radar front-module interface with an NI (National Instruments)
vendor’s DAQ (Data Acquisition) device. Two I/Q channels have a maximum sample
rate of 1.25 MS/s through four analog input ports, and a timing resolution of 10 ns [5].
The software for DAQ control and the algorithm was implemented using the MATLAB
tool in a PC for real time processing
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Figure 2. Designed radar verification configuration with front-end module

Figure 3 shows the designed radar signal processing concept. First, we designed the
respiration signal detection scheme. Low frequency radar signals received from the
front-end module were filtered out using a digital filter for noise cancellation. Then, the
frequency spectrum was extracted through FFT (Fast Fourier Transform) and the vital
frequency was extracted using peak detection.

Next, we designed a gait-rate detection method for a moving human using the high
frequency radar signal. The sampled signal was applied to a low-pass digital filter
including DC blocking; the frequency spectrum was generated using FFT. Then, we
completed the micro-Doppler images together with a sliding window and conducted
another FFT using data over the entire time frame to complete the cadence-velocity
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diagram (CVD). We also extracted two feature vectors from CVD: gait-rate and micro-
Doppler.

We finally designed algorithms to classify between moving humans and other

moving targets, and to extract velocity and movement direction. For the classification
algorithm, we employed one from a previous work [6].
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Figure 3. Designed radar signal processing concept

To verify the implemented system, experiments were conducted indoors. First, we
considered the case of a stationary human at a 1m range in front of the radar module.

Figure 4 shows the measured breathing rate for three humans. The horizontal axis
represents time, while the vertical axis represents frequency. In the results, we can find
that the average vital frequencies are 0.196 Hz, 0.172 Hz, and 0.202 Hz, respectively.
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Figure 4. Extracted breathing signal of sationary human for three scenarios (a)~(c)

Figure 5 shows the generated CVDs for three moving humans. The x-axis shows

gait-rate; y-axis is velocity. We can find difference of shapes and micro-Doppler
bandwidths.
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Figure 5. Generated CVD of moving human for three scenarios (a)~(c)
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Based on the results shown in Figures 4 and 5, we extracted vital frequency, gait-
rate, and micro-Doppler bandwidth. Using three feature vectors, we trained a database
for binary-decision-tree machine learning. For that, we measured 100 frames for each
human. We then randomly separated the three features for each human, with 80% for
the training data set and 20% for the test set. We were able to obtain 82% classification
accuracy to identify each human.

3. Conclusions

This paper proposed a human identification scheme using a designed Doppler radar.
We designed algorithms to measure respiration signals of stationary humans and to
extract gait-rate of moving humans.

We implemented a DAQ module and PC software to log the data in real-time and
verify the algorithms. We conducted experiments in an indoor environment with three
human subjects. We extracted the breathing rate of a stationary human, and gait-rate and
micro-Doppler bandwidth of a moving human. Based on the feature vectors, we were
able to obtain a classification accuracy of 82 % using machine learning.

Future research will consider various humans and many scenarios.

Acknowledgments

This work was supported by a National Research Foundation of Korea (NRF) grant
funded by the Korean Government (MSIT)(NO.RS-2023-00219725, the Regional
Leading Research Center on Development of Multimodal Untact Sensing for Life-
Logging), and the DGIST R&D Program of the Ministry of Science and ICT (No. 23-
SENS2-7, Development of Machine Learning Based Human Identification Scheme
using Dual-Baseband Doppler Radar Sensor).

References

[11 D. J. Klappstein, M. Hahn, N. Appenrodt, H. L. Bloecher, K. Werber and A. Sailer,
"Automotive radar the key technology for autonomous driving: From detection and ranging
to environmental understanding", 2016 IEEE Radar Conference, May 2016.

[2] Zion Market Research. [online] Available:
https://www.zionmarketresearch.com/report/radar-sensor-market

JIITA



YoungSeok Jin, Ji-Eun Bae, Inoh Choi, Eugin Hyun 1013

[31 D. Geronimo, A.M. Lopez, A.D. Sappa and T. Graf, Survey of pedestrian detection for
advanced driver assistance systems, IEEE Transactions on Pattern Analysis and Machine
Intelligence, Vol. 32, No. 7, pp. 1239-1258, May 2009.

[41 Y. S. Jin, J. E. Bae and E. Hyun, “Dual-baseband Doppler Radar based Moving and
Stationary Human Detection Scheme”, 2023 APSAR, Oct 2023.

[5]1 National Instruments, PXIe-6356 and USB-6356 user guide and specification, 2023.

JIITA



	1.   Introduction
	2.   Proposed Method and Measurement Results
	3.  Conclusions
	Acknowledgments
	References

