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Development of LDA Based Hand Gesture Classification Algorithm Using
Distributed Radar System
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Abstract

In this study, we propose a linear discriminant analysis (LDA)-based classification algorithm for distributed radars that share their
data at a data fusion center over wireless channels. Instead of sharing high-dimensional micro-Doppler signature (MDS) data over the
resource-limited backhaul, each radar applies the LDA algorithm to reduce the dimension of the data. Because the dimension-reduced
MDS data is a vector with complex values, it is expressed as a real-valued probability vector using the softmax processing method
to reduce the quantization error. A probability vector with a sum of 1 is transmitted to the fusion center via a pyramid vector quantiza-
tion (PVQ) scheme. To improve the classification performance at the fusion center, bit resources were adaptively allocated based on
the separability of the distributed radars. The proposed algorithm was assessed using MNIST(modified national institute of standards
and technology database) data as well as hand gesture data measured using a USRP(universal software radio peripheral)-based test bed.
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GSVD-based LDA algorithm for hand gesture recognition
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Fig. 6. Average classification rates when PVQ is applied
and [, n®, n®] =[0.14,1,1.4].
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Table 1. Classification rates of measured hand gesture data.

HGI HG2 HG3 Avg.

Average of distributed

) 0.722 | 0928 | 0.894 | 0.848
single radars

Allocate bit Equally | oo 1 0633 | 0750 | 0.804

(A=1 N,=9)
Allocate bit with Sep. 1000 | 0916 | 0883 | 0933

Allocate bit Equally

(A=15 N, =9) 1.000 | 0.933 | 0.783 | 0.905

Allocate bit with Sep.

(A=15 N, =9) 1.000 | 0.967 | 0.900 | 0.956

Allocate bit Equally

1.000 | 0917 | 0.783 | 0.900
(A=1 N, =12)

Allocate bit with Sep.

1000 | 0933 | 0933 | 0955
(A=1 N, =12)

Allocate bit Equally

(A=15 N, =12) 1.000 | 0950 | 0.883 | 0.944

Allocate bit with Sep.

(A=15 N, =12) 1.000 | 0967 | 0933 | 0.967

Z74e5E Aol GART B, E 29 o] agle] I
Q5% ol HE Aol 2 WaksA gt AL 3
A% 4 Ak

2. Agel B2 4 45 3}
Table 2. Saturation of classification rate according to A
value.
HGl | HG2 | HG3 | Avg
Allocate bit with Sep. 1000 | 0967 | 0933 | 0967
(A=2 N, =12) ' ' ' .
Allocate bit Equally 1.000 | 0950 | 0950 | 0967
(A=4 N, =12) ' ' ' .
Allocate bit with Sep. 1000 | 0950 | 0967 | 0.972
(A=5 N, =12) ' ' ' .

gojth A2 S 289 S5 B dxds NE 2 A B4

FEFE ARSI A v X E Flolth
¥4 MDS t°|E|E LDAE &3
g deleE T4 veld I
71 91314 softmax A4S AX && 3

0}04 ka}ﬁ‘rd A5

:°.‘=
_>|~I_Al
o
o
oy rfr
E>
>
N
B
:(IJI:

,J
2

S T
il

m nl?
(o3

L

FU[O 10

g

<

[

LY

References

[1] J. Zhu, H. Chen, and W. Ye, "A hybrid CNN-LSTM
network for the classification of human activities based
on micro-Doppler radar," IEEE Access, vol. 8, pp.
24713-24720, Feb. 2020.

[2] M. Whang, Y. D. Zhang, and G. Cui "Human motion
recognition exploiting radar with stacked recurrent neural
nework," Digital Signal Processing, vol. 87, pp. 125-
131, Apr. 2019.

[3] T. Sakamoto, X. Gao, E. Yavari, A. Rahman, O. Boric-
Lubecke, and V. M. Lubecke, "Hand gesture recognition
using a radar echo I-Q ploy and a convolutional neural
network," [EEE Sensors Letters, vol. 2, no. 3, p.
7000904, Sep. 2018.

[4] M. B. Ozcan, S. Z. Giirbiiz, A. R. Persico, C. Clemente,
and J. Soraghan, "Performance analysis of co-located and
distributed MIMO radar for micro-Doppler classification,"
in 2016 European Radar Conference(FuRAD), London,
Oct. 2016, pp. 85-88.

[5] B. Liu, R. Chen, "Software-defined radar and waveforms
for studying micro-Doppler signatures," Radar Sensor
Technology XVIII, vol. 9077, p. 907718.

[6] J. Huang, B. Chen, B. Yao, and W. He, "ECG arrhy-
thmia classification using STFT-based spectrogram and
convolutional neural network," [EEE Access, vol. 7, pp.

957



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 12, December. 2022.

92871-92880, Jul. 2019.

[71 W. S. Zheng, J. H. Lai, and P. C. Yuen, "Ga-fisher: A
new LDA-based face recognition algorithm with selection
of principal components," IEEE Transactions on Systems,
Man, and Cybernetics, Part B(Cybernetics), vol. 35, no.
5, pp. 1065-1078, Oct. 2005.

[8] J. Park, J. Chun, and H. Park, "Generalised singular
value decomposition-based algorithm for multi-user
multiple-input multiple-output linear precoding and
antenna selection,”" IET Communications, vol. 4, no. 16,
pp. 1899-1907, Nov. 2010.

[9] N. Siripibal, S. Supratid, and C. Sudprasert, "A com-
parative study of object recognition techniques: Softmax,
linear and quadratic discriminant analysis based on con-

volutional neural network feature extraction," in Pro-

T & 7] [LGYAY/ATY)
https://orcid.org/0000-0003-3557-6088
2020 29: B A2t} (28

/\}—)
’m e A zozzul 2%1 AN ARG EFAF
| 2022ul 1 fﬁxﬂz LIGY A9 A7
g [F BYE0H 54 2 gojtk A5 A

WA H [LIGY &9/974]

https://orcid.org/0000-0002-1655-9103
2018 2€: EAtTety A7) Abot )

l]

(&%h
20209 29: AM L A7) AR
e -
(_g'_au% /\})

e

| 2021»3 14 ~84: LIGY2Y d+%
bl e F 2
3

r-(

958

ceedings of the 2019 International Conference on Mana-
gement Science and Industrial Engineering(MSIE), Phuket,
May 2014, pp. 209-214.

[10] V. Liguori, "Pyramid vector quantization for deep
learning," 2017. Available: https://arxiv.org/abs/1704.02681

[11] D. Cadel, G. Parladori, "Pyramid vector coding for high
quality audio compression," in /997 IEEE International
Conference on Acoustics, Speech, and Signal Processing,
Munich, Apr. 1997, pp. 343-346.

[12] R. K. Srivastava, K. Greff, and J. Schmidhuber, "Trai-
ning very deep networks," 2015. Available: https://arxiv.o
rg/abs/1507.06228

[13] NI, "USRP N210." Available: https://www.ettus.com/

all-products/un210-kit/

oA 8 [LIGYAY/AYATY]
hitps://orcid.org/0000-0001-5810-5364

'

.

201543 29 NEUsty AHEAIFE
(&b

20179 29: AlFTiSta YEEA S
(_:_?ﬂ-)\-]/\]_)

2021"4 29 AEY ey AREAITST
2022L4 Sé ~&7): LIGY 29 Ada1y

[ A0 AAAEL, FAEA A5Ae

A | [LIGI:H/\O_]//\/\-]Oﬂ:[L%]

https://orcid.org/0000-0003-1770-2634

20069 29 TS AT (F
B

2008 2¢¥: FIUNEL AAFES (F
SH A

20119 12€9~38A): LIGY 29 £449

-

[F A E0H AAA AsA, tAd

of



LDA 7|8k B2 gojt} A

A A & [LIGY2/FA A1)

https://orcid.org/0000-0002-4692-8467

20023 2¥: S St AR (78
AH

20049 29 shekigty AR 7Aoo A
2383 (F3AAD

20049~ A: LIGH 29 F4 974

!" [ BA20H tAY AEAe, A5 &
ol SEEE

n[N

PN

9e 289

ofr
M

1%

959



