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Abstract: Fine human motion detection in contact-less manner based on radar technology is increasingly
appealing research efforts among researchers and one of the promising approach that have garnered research
momentum in recent years is IR-UWB radar. IR-UWB radar is a kind of radar sensor that was developed from
combining UWB and radar technology. Being a technology that offers unique capability of penetrability, high
temporal resolution, low power consumption and emits non-ionizing electromagnetic waves, IR-UWB radar sensor
is an encouraging fusion of radar and UWB technology that can be leveraged into many useful extensive number
of application. In this paper, a preliminary study of detecting fine human motion using IR-UWB radar sensor is
presented where a system model based on the IR-UWB radar sensor operation on fine human motion detection is
described. For testing, this work employs a right hand and fingers. Based on the tests, the movement of right hand
and fingers can be discriminated accurately at a distance of between 5¢cm to 10cm with minor occurrence of noises.
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1. Introduction

In general, a radar system function based on the concept of Radio Frequency (RF) electromagnetic waves detection
and reflection [1]. The array of RF within the electromagnetic spectrum has numerous greatly striking features that
enable viable and robust sensing capability for various applications and interactive systems. One feature would be the
capability to function without ideal illumination or atmospheric environment, which is useful in dusty and not well lit
area of operation. Other features would be that they are able to function at a very fast and highly accurate manner and
can operate across materials that enable them to be conveniently incorporated as on-chip devices and environments.

The whole system can be engineered as a lightweight solid-state semiconductor package when applied at
millimeter-wave RF frequencies. Thus resulting a radar processor that is small, low-power and no moving components
device which can be produced at low-cost. RF sensing has become a well-established and developed field of
engineering and applied science since the earliest ever radar systems were developed in the early 1930s by [2]. The
latest state-of-the-art radar equipment and computing techniques were developed predominantly for conventional radar
applications, typically involving identification and analysis of big moving targets at great ranges such as air and ground
traffic control etc. The engineering involves for these conventional radar application are not well-suited with modern
consumer applications whereby sensor must meet several criteria such as size, portability, low power consumption and
limited processing resources to sense complex, fine human motion in contact-less manner as opposed to rigid object.
Such sensing capability based on radar technology is increasingly appealing research efforts among researchers and one
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of the promising approach that have garnered research momentum in recent years is IR-UWB (Impulse Radio-Ultra
Wide Band) radar.

IR-UWB radar is a type of radar sensor which was developed from combining UWB and radar technology. By
utilizing a wideband signal configuration coupled with a small Equivalent Isotopically Radiated Energy (EIRP) of 41.3
dBm/MHz in the frequency range of 3.1 to 10.6 GHz (ET Docket 98-153, First Report and Order 02-48), the United
States of America’s Federal Communications Commission (FCC) has sanctioned the unlicensed used of UWB
technology in the year 2002. As defined by the FCC, a wireless signal is characteristically determined to be UWB if its
absolute bandwidth exceeds 500 MHz. Being a technology that offers unique capability of penetrability, high temporal
resolution [3]-[8], low power consumption and emits non-ionizing electromagnetic waves [9], IR-UWB radar sensor is
an encouraging fusion of radar and UWB technology that can be leveraged into many useful extensive number of
application. These applications are such as rescue operation in post-disaster scenario, contactless measurement for
medical purposes and through-wall surveillance [10]-[14]. IR-UWB radar sensor are also very immune from other
kinds of wireless radio system in its 3.1 to 10.6 GHz band while causes only negligible interference to others [15]-[18].

In this paper, a preliminary study to detect fine human motion using IR-UWB radar sensor is described. This paper
is structured as follows. In Section 2, the fundamental operation of an IR-UWB radar sensor is presented while Section
3 described the system model for fine human motion detection using IR-UWB radar sensor. In Section 4, the test setup
is presented while Section 5 provides the results and discussion. The conclusion and future work are lastly presented in
Section 6.

2. Fundamental Operation of An IR-UWB Radar Sensor

Referring to Fig. 1, the fundamental operation of an IR-UWB radar sensor is depicted. The IR-UWB radar sensor
first transmit out electromagnetic impulses or in this case UWB impulses through the IR-UWB radar sensor’s
transmitting (Tx) antenna which is reflected from any object in front of it. The reflected UWB impulses then travels
back and are received through the IR-UWB radar sensor’s receiving (Rx) antenna. When the IR-UWB radar sensor
received the reflected UWB impulses, it will be sampled by going through an analog to digital converter before being
fed into a bandpass filter.

IR-UWB Radar Sensor
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Fig. 1 - Fundamental operation of IR-UWB radar sensor
In terms of sampling capability, the IR-UWB radar sensor used in this work is capable of handling a sampling rate

of up to 23.328G sample/s that can sample up to a maximum of 1536 samples. The sampling of reflected UWB
impulses corresponds to a range of approximately 9.9 meters long. This is the case since the speed of electromagnetic
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waves travels is equivalent to the speed of light. Referring to Fig. 2, a range bin is being referred for each sampling
point within the range of the reflected UWB impulses and a collection of these range bins is called a radar frame (Fig.

3).
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Fig. 3 - Recorded radar frame vs elapsed time (T)

When an object is detected, the distance from the IR-UWB radar sensor to the object is referred to as slant range
and is calculated by equation (1) below:

Slant Range = C:T 1)

Where c is speed of light, 3 x 108m/s, T is the measured delay due to the reflected UWB pulses on the object and
since the signal has to travels twice the distance to the target and back, a divisor of 2 has to be applied.
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3. System Model

The basic principle of fine human motion detection using IR-UWB radar sensor is based on the identification of
reflected UWB impulses from the human body. The changes in signal amplitude as well as the Time of Arrival (ToA)
of the reflected UWB impulse are used to detect and identify the various states of fine human motion. Referring to
figure 4, when an UWB impulse is generated and transmitted, the reflected UWB impulse resulted from fine human
motion is received by the IR-UWB radar sensor.
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Fig. 4 - Fine Human Motion Detection Using IR-UWB Radar

The received UWB impulse signal is then being sampled by going through an analog to digital converter before
being fed through a bandpass filter to produce a less noise digitized version of the signal. In this case, the range from
the antenna to the target L(¢t) can be described as equation (2):

L(t) = dy+ d(t)
=d, + d, sin(2nf.t) 2

Where d, the nominal distance between antenna and target is, d; is the displacement amplitude of target fine human
motion and f; represents the fine motion frequency. The normalized received UWB impulse signal is represented
by &(t), and the total impulse response can be denoted by equation (3):

N

6D = ) 48— 1,()

®3)

Where t denotes the observation interval and t is the propagation interval. X _; a,,8(t — 7,,,(£)) denotes the response
due to fine human motion along with propagation interval t,,(t) and amplltude Q- T, (£), is determined by the range
from the antenna to the target, L(t) and can be described as equation (4):

2L
T, (t) = C(t)
= Ty + 7; Sin(2mf;t) (4)

Where c is the speed of light =3 x 108m/s , 1, = 2d,/c and 7;=2d; /c
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4. Test Setup

In this work, two types of tests are conducted. The first test involves the investigation of distance vs target object
position. The purpose of this test is to determine the distance in which an object can be detected while in motion with
the least errors produced. The second test involves fine human motion detection based on the system model as
described in section 3. The same IR-UWB radar sensor is used for both tests. The IR-UWB radar sensor is connected to
a processing terminal for data processing. The IR-UWB radar sensor used in this work is shown in Fig. 5. The IR-UWB
radar sensor is made by NOVELDA model X4.

@ (b)

Fig. 5 - (a) IR-UWB radar sensor used in this work; (b) side view of the radar sensor

4.1 Distance Between Detected Object and Radar Test

In order to determine the distance between an object and the IR-UWB radar, Fig.6 shows the test setup that was
used. A right hand was employed as a target for the IR-UWB radar sensor to sense its present and measure the distance
from the IR-UWB radar. For the purpose of this test, the measurement will start from 10cm distance from the IR-UWB
radar sensor and gradually increase with 10cm interval until reaching maximum distance of 200cm. This work choose
200cm as the maximum distance for this test as this is sufficient enough to cover most intended application. A software
was developed to measure the delay due to the reflected UWB pulses on the right hand target. The distance or slant
range are calculated by using equation (1) and can be extracted and processed from the IR-UWB radar sensor raw data.
Fig.7 shows an example where the right hand is positioned in this test.
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Right Hand
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Fig. 6 - Test setup for distance between detected object and radar.
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Fig. 7 - Example placement of right hand (a) top view; (b) side view

4.2 Fine Human Motion Detection Test

Fig. 8 depicts the test setup that is used in this fine human motion detection test, which is also the second test in this
work. To detect fine human motion, this work has determine to detect and identify the fine movement of a right hand
and fingers and can be further divided into two sub-tests. The first sub-test is to evaluate the system model along with
the hardware implementation capability to react and discriminate accurately in accordance to the right hand placement
off and on hovering on top of the IR-UWB radar sensor at exactly 100, 200 and 100&200 IR-UWB radar frames
interval (Fig. 8). The second sub-test is similar to the first sub-test however instead with right hand placement off and
on hovering on top of the IR-UWB radar sensor, the right hand will stay put hovering all the time during the duration of
the test and only varies with wiggling of fingers movement at 100, 200 and 100&200 radar frames intervals (Fig. 9).
The distance in which the right hand hovers on top of the IR-UWB radar sensor will be determine by the results
conducted in the first test.

(@)
IR-UWB Radar Sensor

Right hand/Fingers

Processing Terminal
Movement

(b)

Fig. 8 - (a) Test Setup, First sub-test (b) on-hand, (c) off-hand
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A

Fig. 9 - Second sub-test - wiggling of fingers movement

5. Result and Discussion

The test result for the first test is depicted in Fig. 10, the measurement of distance which are made by extracting
and processing from the IR-UWB radar sensor raw data shows similar trend when compare to the distance measured
using a measurement tape. However, significant errors occurs at several point of measurements. Notably at 35 cm, 45
cm and from 105cm onwards. The least errors recorded are from 5cm till 25¢m and from 55cm till 95cm. Therefore,
based on these test results it can be determined that the distance in which an object can be detected while in motion
with the least errors produced are within 5¢cm till 25cm and from 55c¢m till 95¢cm. For the purpose of conducting the
second test in this work, the distance in which the right hand hovers on top of the IR-UWB radar sensor will be
between 5¢cm to 10cm.
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Fig. 10 - Measured distance using measurement tape vs distance extracted from IR-UWB radar sensor.

Fig. 11 depicts the second test’s first sub-test result. As can be observed the clear separation of amplitudes change
between on and off hand movement at 100, 200 and 100 & 200 radar frames respectively. This indicates the
implemented system model is able to react and discriminate accurately according to the hand movement as found in
Fig.8. In this case, higher amplitudes are recorded when the hand is hovering on top of the IR-UWB radar sensor and
lower amplitudes when it is off the top of the IR-UWB radar sensor. The amplitude changes from high to low and low
to high almost instantaneously when a hand movement occur for each of the intervals specified in this test. The same
observation can be found on the second sub-test result as depicted in Fig. 12. However, the separations are not that
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obvious when compare to the first sub-test result. The results are rather noisy and at some points the amplitudes of
several radar frames behaves radically. Overall based on these tests, it can be seen that the system model coupled with
the implemented hardware responds well to fine human motion. Although generally that’s the case, several
enhancements have to be in cooperated in future works such as refinement of the algorithm in the system model which
may include several noise suppression strategies.
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6. Conclusion

In this paper, a work on detecting fine human motion using IR-UWB radar sensor is presented. In this preliminary
work, the movement of hand and fingers can be discriminated accurately at a distance of between 5cm to 10cm.
However, the present of noises at some data points which cause the amplitudes of several radar frames behaves
radically has to be addressed in future works. Therefore, further improvement and other consideration to suppress and
reduce noises will be implemented on the system model in future works.
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