FETHEESH w OB Vol. 7No. 5
2018410 H Journal of Radars Oct. 2018

ETWEEMEHFERR SR T A2 KR 7

s & R FRHY mak®
DRz vF4 T 100084)
QUL RIS HAAL  F 100854)

OE: TN GRmRAT A RAE R 1 [F) I g il TS E B, X e AWLIEAT 23 28R B 2R 3.

WMELE TR X A FERTAN. AT REGET MG NI AN REENE, ZOURE T —MZ M
JE RIS AL AR A I T AW LRI 5% & S A 20 50 7 1k (R IRk DS 5] A ORI B A 285 X R AR 1K) B 15 4
Y53 AT A S B A8 36 (Short-Time Fourier Transform, STFT), 13 ZIWMHkEl; #2355 H F A5 53-#7 (Principal
Component Analysis, PCA) I ATRE B B EUVRRAE, PN M 2 3 IR AL A A B R ERL & 72 — s Ba Fl
3 FEAEAHL(Support Vector Machine, SVM)#HAT ISR E 5115 . T 52bri IS B m i 9eie 45 R A
o S A SRR L R 5 15 30 4 73 SN BEAR T BR A AR AL AR I 70 SRR L, e 2R HE B SR R F X B i A J

ARSI T 5% L L.
KR M AN BER 2 AR BB
FESES: TN XEAFRIRAS: A TERS: 2095-283X(2018)05-0557-08

DOI: 10.12000/JR18061

SImta: EMK, FRI, ERRL A BT XUE KSR Rl A TS AL UM 7). EIER, 2018, 7(5):
557-564. DOI: 10.12000/JR18061.

Reference format: Zhang Pengfei, Li Gang, Huo Chaoying, et al.. Classification of drones based on micro-
Doppler radar signatures using dual radar sensors[J]. Journal of Radars, 2018, 7(5): 557-564. DOI:
10.12000/JR18061.

Classification of Drones Based on Micro-Doppler Radar
Signatures Using Dual Radar Sensors

Zhang Pengfei® Li Gang® Huo Chaoying® Yin Hongcheng®
®(Department of Electronic Engineering, Tsinghua University, Beijing 100084, China)

®(Beijing Institute of Environmental Features, Beijing 100854, China)

Abstract: Classification of drones is important due to their increasing popularity and potential threats. The
micro-Doppler signatures that depend on the rotation of rotor blades facilitate the classification of drones. To
enhance the robustness of micro-Doppler based classification of drones, dual radar sensing classification scheme
is proposed in this paper. First, time-frequency spectrograms are obtained by performing a short-time Fourier
transform on the radar data collected by two radar sensors that have similar angular diversity. Then, principal
components analysis is utilized to extract the features from the time-frequency spectrograms and the features
obtained by the two radar sensors are fused together. Finally, the classification results are obtained by using
the support vector machine. The experimental results show that the classification accuracy obtained by the

fusion of dual radar sensors is 5% higher than that obtained by only using a single radar sensor.
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Fig. 1 The experimental geometry



%5

559

(a) PUHETE AL
(a) Quadcopter

(b) HFHHL
(b) Helicopter

(c) 7NHITEAM

(c) Hexacopter

2 3RENUR
Fig. 2 Appearance of the drones

i BIAREA li)lléﬂﬁt
Y 1
L wgs | |
| |
i i
I s sPE ||
| |
BIRREAHI e HEESR e
YEZES
v

& 3 AU AR
Fig. 3 Typical flow chart of radar recognition
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Fig. 4 The flow chart of feature extraction and fusion with dual radar sensors
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Tab. 2 Confusion matrix using only the X-band radar sensor
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Tab. 3 Confusion matrix fusing dual-angle radar sensors
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