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Abstract. Human gestures can be used to interact naturally with computers. One of the human
gestures is hand gestures. The hand gestures signal in hand gesture recognition systems can be
acquired through on-body sensors, cameras, and radar sensors. Compared to the other two data
acquisition devices, radar sensors have some advantages which are more convenient to apply and
have better privacy security. In this paper, a radar sensor technology review is made to be used to
build hand gesture recognition systems. Much literature on hand gesture recognition in the recent
four years is compared regarding the radar technology used, its specific application, and the dataset
used. The results of this review will be used as references for the development of research related
to speaker recognition. Based on its application, it can be concluded that the radar can be catego-
rized into four, which are drone control, vehicle/home intelligence, static hand gestures, and con-
tactless Human-Computer Interaction (HCI).
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1 Introduction

The development of technology allows humans and computers to interact naturally, such as using voice
and gestures. The kind of gestures that can be used to interact are hand gestures. This way of communi-
cating allows control with a simple and intuitive modality. Hand gestures differ from physical buttons
that require direct touch. In this case, interaction using hand gestures is also an effort to improve clean-
liness. The convenience provided by hand gestures is also supported by cognitive control that is not too
demanding so that users can pay attention to other things. Controlling between humans and computer
devices using hand gestures is known as hand gesture recognition. Hand gesture recognition objective
to detect and analyze hand movements and then match them with predetermined hand gesture patterns.
This hand gesture recognition technology has the potential to be applied to virtual reality [1], automotive
systems, smart TVs, smart homes [2], robots, and drones [3], [4].

Hand gestures are captured using a device called a sensor. The sensors used can be wearable sensors
[51-[7], visual sensors [8]-[12], and radar sensors [13], [14]. Data collection for wearable sensor-based
gesture recognition systems requires the installation of sensors on several parts of the subject's hand.
The advantage of using this sensor is that movement recognition is responsive and not influenced by
environmental factors. However, the installation of this device is relatively complicated and uncomfort-
able to use [13], [15], [16]. Visual sensor-based recognition systems obtain data from camera-based
sensors and vision technology. The advantages of visual sensor-based systems are that the system can
be developed using inexpensive sensors, and computer vision has been developed rapidly [17]. How-
ever, the visuals obtained from the camera are often easily affected by lighting, obstacles, and other
environmental factors. In addition, the use of cameras has the potential to violate privacy and security.

Generally, radar-based gesture recognition systems utilize radar sensors with a limited number of
antennas. The system acquires data by capturing electromagnetic wave signals that represent the target's
motion state. Often, radar-based sensor systems rely on Doppler information from the sensor [18]. The
use of Doppler information limits the system's use for static hands, considering that Doppler data can
only be generated for moving objects. Radar-based sensor data acquisition is relatively unaffected by
the installation of devices on the hand, lacks light, and has no potential for privacy violations. Compared
with data collection using wearable sensors and visual sensors, radar sensors have more advantages.
The small size of the radar with low power consumption compared to wearable sensors and visual sen-
sors allows for a compact and portable system [19].

This paper aims to review publications related to radar sensor-based hand gesture recognition. Most
papers used as review materials are published articles from the last 4 years. The focus is to answer the
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following review questions: What sensor technologies can be used to build a hand gesture recognition
(HGR) system, along with its specific application and dataset.

2 Radar Technologies

Radar technologies that can be used for hand gesture recognition are pulsed radar, single-frequency
continuous wave (SFCW) radar, frequency-modulated continuous wave (FMCW) radar, and frequency
shift keying (FSK) radar. Each radar technology is described below.

2.1 Pulsed Radar

Pulsed radar is a radar that transmits impulse-like signals with a broad frequency spectrum. The transmit
and receive system based on pulsed signals is usually called the Ultra-Wideband (UWB) communica-
tion system. The system has a broader frequency spectrum and usually has a lower Power Spectral
Density (PSD) compared to the PSD of noise signals. Modern UWB transmitters and receivers consist
of almost all digital components and have minimal radio frequency or microwave components. As a
result, UWB-based radars are smaller in size and can provide compact portable radar hardware. A block
diagram of hand-gesture sensing using pulsed radar can be drawn as shown in Fig. 1. The block diagram
consists of a pair of transmit and receive antennas, a quadrature mixer (single-ended to differential
conversion), a phased locked loop (PLL), a power amplifier (PA) that connected to the transmit antenna,
and a low-noise amplifier (LNA) connected to the receive antenna.
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Fig. 1. Hand-gesture sensing using pulsed radar 94 GHz [20].

2.2 Continues Wave (CW)

Single-frequency radar captures the presence of target objects based on changes in the frequency of
signals transmitted and received. In obtaining hand gesture signals, the Doppler shift resulting from
hand and finger movements has a frequency whose value is limited to a range of several hertz [16].
Thus, the design of radar hardware in detecting hand movements is relatively easy because the baseband
and Analog-to-Digital (ADC) devices only operate at limited frequencies.

The transmitting part of the SFCW radar can be built using a low-frequency crystal oscillator, a local
oscillator (LO), a bandpass filter, a power amplifier, and a transmitting antenna. Based on the hand re-
flection, the receiving signal is demodulated and passed through a bandpass filter to obtain phase I, usu-
ally denoted by I(t), and the Quadrature phase Q, usually denoted by Q(t), as in (1) and (2).

4mX(t)
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2.3  Frequency-modulated Continues Wave (FMCW)

Radar Frequency Modulated Continues Wave (FMCW) is a radar that utilizes frequency modulation
techniques. The transmitted signal frequency in the FMCW radar increases linearly at a constant rate,
as shown in Fig. 2. In the short-time form, the signal is called a “fast-time signal” or “chirp,” while a
collection of chirps is called a “frame” [21].
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Fig. 2. Chirp signal [22].
The FMCW radar consists of a signal generator, an antenna array with two transmitters and four receiv-
ers, a signal demodulator, and an analog-to-digital converter. The signal generator sends a chirp signal

through the transmitter antenna. Then, an intermediate frequency (IF) signal is generated from a low-
pass filter (LPF). Fig. 3 shows the IF signal.
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Fig. 3. IF signal of FMCW radar [23].

The receiving antenna uses two low-voltage differential signaling (LVDS) channels. The first channel
sends odd samples, while the second channel sends even samples. Each LVDS channel sends one real
part and one imaginary part of the signal. For each chirp signal, data is stored from the slowest receiver
to the highest. By understanding the storage principle, the signal's I/Q data can be obtained.

Since the wave used to transmit the signal is sawtooth-shaped, the received signal is also sawtooth-
shaped. The transmitted and received signals are expressed, respectively, as in (3) and (4).

sp(t) = Arcos2m (fct + fotfr(r)dr) 3)
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Where A is the amplitude of the transmitted signal, f, is the central frequency of the carrier signal,
fr(¥) = tB/T is the frequency of the transmitted signal, which increases linearly with time 7 during
period 7, and T is the pulse width of the signal, B is the bandwidth of the signal.

sp(t) = Agcos2m (fc(t —At) + [} fr (r)dt) @)

Where Ay, is the amplitude of the received signal, At is the delay time, and fz(7) is the frequency of the
received signal. By mixing the transmitted and received signals, a mixed signal Sy, (t) = s (t) - sg(t) is
obtained, and a low pass filter (LPF) is used to remove high frequencies to obtain the IF signal.

2.4  Frequency-shift Keying (FSK)
Frequency Shift Keying (FSK) Radar sends two signal frequencies, fi and 5, alternately, as shown in Fig.
4. The two signals alternate quickly, so the difference in the change of the two signals is very small. The

working principle of each signal uses the working principle of Doppler radar. From the two frequencies,
information on the distance between the sensor and the user can be obtained.
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Fig. 4. Signal of FSK radar [24].

The block diagram of the hand gesture recognition system using the FSK radar sensor can be described
in Fig. 5. The block diagram can consist of three parts, namely the analog part, the digital part, and the
software part. The analog part consists of the FSK radar and the analog-to-digital converter (ADC). The
FSK radar acquires the hand gesture signal in the form of an analog signal. Then, the analog signal is
converted into digital form using the ADC. The ADC output signal is then processed in the digital part.
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Fig. 5. Block diagram of hand gesture recognition using FSK radar [24]
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Since the FSK radar sensor uses two carrier frequencies alternately, the analog signal samples will be
clustered according to the period of the carrier frequency. In other words, sample signals with the same
carrier frequency are grouped in the Package block. The Pre-detection block is a block that functions to
recognize signal frames containing hand movements. This block is used to reduce power consumption
when movement is not detected. When movement is detected, the signal data will be stored in the dual-
port random access memory (DPRAM) block. The data is forwarded to the detection block to obtain a
valid frame, which, in this case, is marked by finding nc as the centre of the frame and p[n] as the recog-
nized frequency. The information is forwarded to the Estimation block. The phase difference of the two
carrier frequencies is used to measure the distance of the object [24]. The following process involves the
Short-Time Fourier Transform (STFT) block, the output of which is a spectrogram. The resulting spec-
trogram is processed in the software section to find a suitable model and recognition result.

3 Hand Gesture Application

Hand gesture recognition systems can be built and applied in a number of fields. Based on papers in the
last four years, the application of radar-based hand gesture recognition can be listed in Table 1. Radar-
based HGR can be categorized into four applications: intelligent vehicles or homes, alphabet recognition,
contactless human-computer interaction (HCI), and drone control. In building the system, experiment
data are needed. The amount of data used in recent experiments is also listed in the table. The fewest data
experiments used were 732 hand gesture signals.

Table 1. Radar sensor application.

No Data/Field Total data

1. Intelligent vehicle/home [2], [19], [25] 16,000; 2,790; 800; 19,400
2. Static hand gesture [17] 7,000

3. Contactless HCI [22] 2,012; 732

4. Drone control [24] 7,920

In the application of intelligent devices, radar sensor-based hand gesture recognition can also be used.
The dataset for hand gestures can be recorded using the BGT60TR13C XENSIV™ 60GHz radar sensor
[2]. In this study, the radar was tested by placing object gestures at 0.6m, 0.8m, and 1.0m from the radar
device. In comparison, the distances tested were -30, 0, and +30 degrees relative to the sensor. Different
placements were also tested, with a height of 0.95m to 1.35m. Hand gestures were carried out for three
seconds, producing 100 sample frames. In addition, random body movements were also tested in front
of the sensor to be used as a background. The dataset used consisted of 16,000 movements and 3,400
background samples used for training and validation. While for testing, nine out of 100 gesture sequences
were used randomly. This data is used to build an HGR system with a small computational load that is
suitable for embedded processors. This small computation load can be realized using a lightweight feature
extraction algorithm combined with a slim neural network design.

Two types of data sources were used in the study of hand gesture recognition for intelligent vehi-
cle/home, i.e., common gestures and handwritten numbers [19]. The datasets that met these requirements
were the Soli dataset and the Air-Writing Gesture Dataset. The Soli radar-based dataset is built and pub-
lished by Google ATAP and is mainly applied to recognition tasks in HCI. The Soli radar has four re-
ceiving antennas. In the system's dataset, two experimental scenarios were used, first with 11 gesture
information collected from a person in six different schemes, and second with 11 other gesture infor-
mation collected from ten people in the same scheme. The total data used was 2750 samples, with training
data to test data ratio of 8:2. The air-writing dataset collects data in different environments to improve
the robustness of the system, and the experimental equipment used the TI-FMCW IWR6843 ISK radar
sensor. In the dataset, nine volunteers participated, and 100 samples were collected from each participant,
each containing 100 FMCW radar frames. The total sample used was 800 samples with ten categories.
The ratio of training data and testing data used was also 8:2.

The dataset for HGR can also be recorded by focusing on five macro gestures, namely Push,
SwipeRight, SwipeLeft, SwipeDown, and SwipeUp [25]. The reasons for using these five macro gestures
are because of their direct relevance to task execution and system control, user-friendliness, and robust-
ness to user gesture variations. The total data used in the study was 19,400 gestures. Furthermore, the
data was added with background gestures to indicate a non-movement position. The five macro gestures
were captured using the BGT60TR13C radar chipset using FMCW waves. The radar system uses three
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receiving antennas arranged in an L-shaped configuration. Thus, the digital IF signal received from the
three receiving antennas contains distance, Doppler, and angle information.

Another application of HGR is for static hand gesture recognition [17]. In the study, a radar sensor
was used to visualize finger movements representing the characters ‘A’ to ‘H,” using 94 transmitting
antennas (TX) and 94 receiving antennas (RX). The visual of the finger movements was formed from the
fingers of three participants. The total visual data used was 7,000 images with various angles and scaling
parameter values. The visual data of the hand movements was then processed and recognized using a
Neural Network classifier.

Radar-based hand gestures are very convenient as a contactless HCI solution [22]. In the study, swip-
ing, rotating, near, and away movements were used. Swiping movements include swiping up, down, left,
and right movements. Rotating movements include clockwise and counterclockwise movements. Two
dataset scenarios were used in the study, i.e., Dataset-A and Dataset-B. Two people performed the Da-
taset-A for each movement with a total sample of 2012 movements. Three people performed Dataset-B
with a total sample of 732 movements. As much as 30% of the data from Dataset-B was copied and added
to Dataset-A to form a new dataset called Dataset-C.

Hand gesture recognition can be used to control drones, especially in conditions that minimize light-
ing and power [24]. In the study, four types of hand gestures were used, namely Up-to-Down, Down-to-
Up, Right-to-Left, and Left-to-Right. Eight volunteer participants were involved in the study, with a total
data of 7920 movements. Participants had varying genders and body sizes, with movement capture dis-
tances of 30, 90, 120, 150, and 180 cm for each movement. The training data used was 4080 samples,
and the test data was 3840 samples.

4 Conclusion

Hand gesture data acquisition using radar sensors is one of the hand gesture capture methods with ad-
vantages in terms of comfort, security, and privacy. Several radar technologies can be used to build
hand gesture recognition systems, such as pulse radar, CW radar, FMCW radar, and FSK radar. Each
technology has advantages and disadvantages regarding the required hardware and the ability to record
gestures. This study conducted a literature study through publications that have existed for the past four
years. Radar applications can be divided into four categories: drone control, vehicle/home intelligence,
static hand gestures, and contactless HCI. The amount of data that can be used for the HGR experiment
varies, with the smallest amount recorded in this study being 732 gestures. The forms of gestures rec-
orded vary and are broadly grouped into macro gestures and micro gestures.
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