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Improving Human Hand Localization in Indoor
Environment by Using Frequency Domain Analysis
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Abstract—A human’s hand localization is revised by using radar
cross section (RCS) measurements with a minimum root mean square
(RMS) error matching algorithm on a touchless keypad mock-up
model. RCS and frequency transfer function measurements are
carried out in an indoor environment on the frequency ranged from
3.0 to 11.0 GHz to cover federal communications commission (FCC)
standards. The touchless keypad model is tested in two different
distances between the hand and the keypad. The initial distance of
19.50 cm is identical to the heights of transmitting (Tx) and receiving
(Rx) antennas, while the second distance is 29.50 cm from the
keypad. Moreover, the effects of Rx angles relative to the hand of
human factor are considered. The RCS input parameters are
compared with power loss parameters at each frequency. From the
results, the performance of the RCS input parameters with the second
distance, 29.50 cm at 3 GHz is better than the others.

Keywords—Radar cross section (RCS), fingerprint-based
localization, minimum root mean square (RMS) error matching
algorithm, touchless keypad model.

[. INTRODUCTION

OWADAYS, an indoor localization is applied in many

applications such as tracking fire fighter in building of
fire, tracking patient in a hospital, tracking miner in mine or
finding the item in an industrial [1]-[3].

Many researches try to improve the performance of the
indoor localization so the original methods have been
considered. The original methods, which are triangulation or
lateration (etc.), use received signal strengths (RSS), angles of
arrival (AOA), times of arrival (TOA) or time differences of
arrival (TDOA) parameters [4], [5] to calculate the location,
directly. These methods are not suitable to use in an indoor
environment because they are disturbed from the indoor
environment. Fingerprinting technique is a technique to solve
this problem because it processes the characteristics of a
location to record in database and the location process is found
from using parameters of the present location to compare with
the locations in the database by a pattern matching algorithm
[6]-[10].

In this paper, a minimum root mean square (RMS) error
matching algorithm is used to find the location because we do
not want to worry about error, which obtains from algorithm.
Nevertheless, many algorithms are suitable than a minimum
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RMS error matching algorithm such as Kalman filter, support
vector machine and artificial neural network [11].

At the present time, the most localization application uses a
transmitter sends the signals to the receiver in order to find the
location of receiver or uses the receiver to locate the
transmitter. Therefore, we are interested to find out the
location of objects without the transmitter or receiver at the
object or tag less. The object of interest is a human's hand.
Because of in the future, we are going to locate the human
location without tag at the human so a touchless keypad mock-
up model is created. Furthermore, several research studies
have attempted to determine the characteristics of objects (e.g.
trees, chairs and a human’s body) by using radar cross section
(RCS) [12]-[14]. In recent year, there are also advances in the
devices for detecting human motion. Most of these devices
typically utilize infrared light; however, the detection
performance is poor in a strong light environment as the
infrared light is disturbed [7]. In this paper human motion
detection, the human’s hand movement is improved by using
RCS measurement. The detection principle for the touchless
keypad model is based on the fingerprint-based indoor
localization technique.

The purpose of this research is to test the efficiency of
frequencies, distances, and parameters for finding the hand
location above the keypad. The frequencies are tested in the
range 3.0 to 11.0 GHz to cover federal communications
commission (FCC) standards [15]. There are two distances,
namely 19.50 cm and 29.50 cm. Then, the parameters consist
of the power loss parameters and the RCS input parameters.

For the study, the results are shown in terms of the errors of
localization. The rest of this paper is organized as follows:
Section II is the localization technique. Next the measurement
set up is in Section III. After that, experimental results of this
paper are explained in Section IV. Finally, the conclusion is
given in Section V.

II. THE KEYPAD PROCESSING

A. RCS Input Parameters

In this paper, the RCS input parameters are tested with the
keypad. The signal is transmitted in sinusoidal waveform from
start frequency to stop frequency by a vector network analyzer
(VNA). The RCS input parameters are determined from the
radar equation [16]-[18] which describes the relationship
between the radar link from transmitter to the target and from
the target to receiver in terms of receiving power. Because of
the radar equation in the form of the power of the signal, it is
first modified in term of voltage of the signal. It can be
defined by (1):
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where V. is the received signal, ¥, is the transmitted signal,
H, is the transfer function of transmitting (Tx) antenna, H,. is
the transfer function of receiving (Rx) antenna, H, is the
frequency transfer function of scattering, ¢ is the velocity of
light, f is a carrier frequency, A s the wave length, d; and

d, are the distances from the target to Tx and Rx antennas,

respectively.

Equation (2) is adjusted to accommodate the ratio of the
received signal to transmitted signal in case of obstruction,
H,, where H_ is obtained by VNA measurements. The

adjusted equation can be expressed as

leailﬂf(d. +dy)/c

G

H,(/)H . (f)H () )
Then, the characteristics of Tx and Rx antennas, including H,
and H,, which are obtained with VNA in an anechoic

chamber, are represented in terms of the channel impulse
response in free space, H, which can be written as (3).

Parameter d is the distance between Tx and Rx antennas.

Qe ikl

Hf<f>=e47m (/)H,(f) 3)

Next, to simplify, H, and H, are filtered out by dividing
(2) by (3). The simplified equation is presented in (4):

Rx3
RX1
Set of
Received Set of Input
Signals | Received Signals | Parameters

_H(f) Vandd, o2 (dyrds=d) e

“HAH d )
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After that, the RCS input parameters at different frequencies
are determined by analysis of the components of H_.

Moreover, a RCS input parameter at each frequency, RI(f),
can be calculated by (5):

RI(f)[dBsm) =10log(H, (1)) )

B. Power Loss Parameters
The power loss parameters can be obtained from the VNA
measurement that defined by (6) [19], where H_ is the

transfer function of channel measurement.

PL,(f)[dB]==20log(|H . (f))) (6)

C. Fingerprinting Technique

The fingerprinting technique is a localization technique,
which is suitable to manage in the indoor environment. It has
two phases: an off-line phase and an on-line phase [7].

In this paper, the off-line phase is a phase to use in order to
create the database at each button-cell location by the
parameters recording with the button-cell locations. The
parameters consist of the parameters from the first Rx antenna,
the second Rx antenna and the third Rx antenna. Then, the
parameters are the RCS parameters or the power loss
parameter. Fig. 1 shows the process of the off-line phase.
Then, the on-line phase is used to find the button-cell location
by using input parameters at the present location to compare
with the parameter in the database with the pattern matching
algorithm which is a minimum RMS error matching
algorithm. The result of the on-line phase is the hand’s
location. Fig. 2 shows the process of the on-line phase.

Set of Location
Location

Parameters of Button-Cell 1 | Button-Cell 1
Parameters of Button-Cell 2 | Button-Cell 2

Input Parameter Information

Processing

Y

Parameters of Button-Cell 3 | Button-Cell 3

Parameters of Button-Cell 17| Button-Cell 17

Database

Fig. 1 The fingerprint-based indoor localization technique: off-line phase
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Fig. 2 The fingerprint-based indoor localization technique: on-line phase

D. Minimum RMS Error Matching Algorithm

In this paper, there are two sets of input parameters, namely
the RCS input parameters and the power loss parameters for
the indoor localization using fingerprint-based technique. The
RCS input parameters consist of the RCS input parameters of
the first Rx antenna (R/i(f)), the RCS input parameters of the
second Rx antenna (R/x(f)) and the RCS input parameters of
the third Rx antenna (R[3(f)). The power loss parameters
consist of the power loss parameters of the first Rx antenna
(PL:(f)), the power loss parameters of the second Rx antenna
(PLx(f)) and the power loss parameters of the third Rx antenna
(PLis(f)). To obtain minimum RMS errors, the input
parameters of the on-line phase are matched against the
database of the off-line phase to follow (7):

e (f,n)= @)

123: [IPf(Rx(i)) fs n)_IPt(Rx(i)) f )]2
33 ;

L)

where /Pr is the parameter in the database, /P; is the parameter
for testing, op is the standard deviations of the input
parameter, i is the number of Rx, f'is the frequency, » is the
reference location. The parameter means the RCS input
parameters or the power loss parameters.

The minimum error of all locations is determined by (8).

L(f)=argmin(e(f,n)) (8)

where L is the location of a button-cell.

E. Location Accuracy

The performances of the parameters in terms of percentage
of location accuracy are determined by (9)

%DA = % x100% 9

t

where N, is the number of correct detectable locations and

N, is total number of locations.

III. MEASUREMENT SET UP

The experiments were done in an indoor environment in a
laboratory of King Mongkut’s Institute of Technology
Ladkrabang (KMITL)’s Faculty of Engineering. The
magnitude and phase of frequency transfer function for each
hand location are measured with VNA (HP 8510C). Prior to
calibration in full 2-port mode, VNA is set at 3.0 to 11.0 GHz
with 801 frequency points. Sweeping time is set at 186 ms and
the average function is set at its lowest of 128 to resemble the
noise level in real use.

The Tx and Rx antennas are biconical antennas with
horizontal polarization [20], [21]. Due to equipment
limitation, the heights of Tx and Rx antennas are set at 19.50
cm (the lowest possible) from the tabletop, which is beyond
the first Fresnel zone [19]. This paper experiments with the 17
locations, the locations of Rx1-Rx3 relative to the button-cell
3 center are 90°, 180°, and 270°, respectively, while Tx
antenna remains stationary at 0°.

We experimented with the touchless keypad model at two
different distances between a hand and a paper keypad. The
initial distance is 19.50 cm, which is identical to the heights of
Tx and Rx antennas. In another setting, the distance between
the hand and the keypad is 29.50 cm while the other
components remain unchanged. The top view of both settings
is illustrated in Fig. 3. Figs. 4 and 5 illustrate the touchless
keypad model with the distance between the hand and keypad
of 19.50 cm and 29.50 cm, respectively.

IV. EXPERIMENTAL RESULTS

This section attempts to determine the condition or
combination that gives the best location accuracy whereby
tests are conducted with 3 possible combinations (2x2x17) of
three sets of criteria. The three sets of criteria are the
parameters (i.e. the RCS parameters and the power loss
parameter), distances (19.50 and 29.50 cm) and each
frequency (3.0-11.0 GHz, varying 0.5 GHz).
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Fig. 4 The touchless keypad model with the distance between the
hand and keypad of 19.50 cm

Fig. 5 The touchless keypad model with the distance between the
hand and keypad 0 29.50 cm

A. Location Accuracy Results
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Fig. 6 The accuracy results of touchless keypad model for the
frequencies; 3.0-7.0 GHz, varying 0.5 GHz
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Fig. 7 The accuracy results of touchless keypad model for the
frequencies; 7.5-11.0 GHz, varying 0.5 GHz

Figs. 6 and 7 illustrate the keypad model accuracy of the
RCS input parameters and the power parameters with the
distance of 19.50 cm and 29.50 cm from the frequencies 3.0-
11.0 GHz. Then, the RCS input parameters with the distance
0f 29.50 cm at the frequency 3.0 GHz is the highest location
accuracy of the keypad model at 100%. In addition, the RCS
input parameters with both distances from the frequencies 3.0-
5.0 GHz give the location accuracy of approximately 90%
which is higher than the RCS input parameters with both
distances from the frequencies 5.5-11.0 GHz of approximately
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44.12%. And the power loss parameter with both distances in
all frequencies give the location accuracy of approximately
31.31% which is less than the RCS input parameter with both
distances in all frequencies.

Overall, the RCS input parameters have the location
accuracy nearly twice the power parameters. The frequencies
3.0-5.0 GHz have considerably more the location accuracy
than the frequencies 5.5-11.0 GHz. In addition, the distance of
29.50 cm has slightly more the location accuracy than the
distance of 19.50 cm. These results show that the location
accuracies get an effect from the parameters and the
frequencies more than the distances so the parameters and the
frequencies are going to be analyzed in the next sub-section,
Discussion.

B. Discussion

As the results, the higher accuracy rate achieved with RCS
is attributable to the RCS input parameters which are
calculated from the object’s scattering signals, while the
power loss input parameters are determined from the signal
loss. Thus, the RCS input parameters between different
button-cells are more distinctive than the power loss
parameters.

Figs. 8-10 illustrate the RCS input parameters in the
frequencies 3.0-11.0 GHz at each Rx antenna; Rx1, Rx2 and
Rx3, respectively and comparing between the RCS input
parameters in the off-line phase and the RCS input parameters
in the on-line phase of button-cell minus. Then, Figs. 11-13
show the power loss parameters in the frequencies 3.0-11.0
GHz at each Rx antenna; Rx1, Rx2 and Rx3, respectively and
comparing between the power loss parameters in the off-line
phase and the power loss parameters in the on-line phase of
button-cell minus.
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Fig. 8 the RCS at various frequencies with horizontal polarization
(Rx1 location, button-cell minus)
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Fig. 9 the RCS at various frequencies with horizontal polarization
(Rx2 location, button-cell minus)
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Fig. 10 the RCS at various frequencies with horizontal polarization
(Rx3 location, button-cell minus).

Overall, it can be seen that the frequencies 3.0-5.0 GHz are
less disturbed from noises than the frequencies 5.5-11.0 GHz
so the variation between the RCS input parameters of the
frequencies 3.0-5.0 GHz in the off-line phase and the RCS
input parameters in the on-line phase is considerably less the
RCS input parameters value than the frequencies 5.5-11.0
GHz. Moreover, the variation between the power loss
parameters of the frequencies 3.0-5.0 GHz in the off-line
phase and the RCS input parameters in the on-line phase is
considerably less the power loss parameter value than the
frequencies 5.5-11.0 GHz too. Similar results are obtained
with other button-cells and Rx locations.
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The RCS input parameters between different button-cells
are more distinctive than the power loss parameters and the
frequencies 3.0-5.0 GHz are more of the location accuracy for
keypad model than the frequencies 5.5-11.0 GHz. Both
distance results show that the hand could be detected in nearly
accuracy although the hand would be changed level.
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Fig. 11 The power loss at various frequencies with horizontal
polarization (Rx1 location, button-cell minus)
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Fig. 12 The power loss at various frequencies with horizontal
polarization (Rx2 location, button-cell minus)

V.CONCLUSION

In this paper, a 17-cell touchless keypad model is created in
order to test for the tag-less for indoor localization of hand.
The fingerprint-based indoor localization technique with
minimum RMS error matching algorithm is used for the hand
detection. The keypad model testing is conducted with 3

possible combinations (2x2x17) of three sets of criteria. The
three sets of criteria are the parameters (i.e. the RCS
parameters and the power loss parameter), distances (19.50
and 29.50 ¢cm) and each frequency (3.0-11.0 GHz, varying 0.5
GHz).

The RCS input parameters have the location accuracy
nearly twice the power parameter. Then, the frequencies 3.0-
5.0 GHz have considerably more the location accuracy than
the frequencies 5.5-11.0 GHz. Next, the distance of 29.50 cm
has slightly more the location accuracy than the distance of
19.50 cm. Then, the highest location accuracy is a
combination of the RCS parameters, 29.50 cm distance and
3.0 GHz.
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Fig. 13 The power loss at various frequencies with horizontal
polarization (Rx3 location, button-cell minus).

For future work, we plan to use other methods of indoor
localization working together with the RCS input parameters.
Then, reflection and diffraction signal could be tested for the
tag-less human localization. Next, an artificial intelligent
might be used in order to increase an accuracy. After that, the
human localization without tag will be tested in an indoor
environment which is large areas.
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