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ABSTRACT

Recent advance in low cost and light-weight drones has extended their application areas in both military and private
sectors. Accordingly surveillance program against unfriendly drones has become an important issue. Drone detection and
classification technique has long been emphasized in order to prevent attacks or accidents by commercial drones in urban
areas. Most commercial drones have small sizes and low reflection and hence typical sensors that use acoustic, infrared,
or radar signals exhibit limited performances. Recently, artificial intelligence algorithm has been actively exploited to
enhance radar image identification performance. In this paper, we adopt machined learning algorithm for high resolution
radar imaging in drone detection and classification applications. For this purpose, simulation is carried out against
commercial drone models and compared with experimental data obtained through high resolution radar field test.
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Fig. 2 Drone Micro Doppler Detection Geometry
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Fig. 4 Doppler detection experiment using C-band radar
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Table. 1 Test drone systems

DJJI PH3
Weight 1.280 kg Type Quad Type
Speed 5.5 m/s Size 0.3*%0.3*%0.2
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MC-5
Weight 9.8 kg Type Hexa Type
Speed 6.0 m/s Size 1.2*%01.2*0.8
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Table. 3 ISAR Simulation parameters

Parameters Values

Radial velocity 70 m/s
Center Frequency 10 GHz
Bandwidth 128 MHz

PRF 20 KHz
Angular velocity 0.06 rad/s
Radial accelation 0.1 m/s?

Initial Radial distance 16 Km

3

Doppler ndex

@ @ 0 0 0o
Range fm]

(A) (B) ©)
Fig. 9 Results of drone ISAR simulations
(a) Quad-copter1, (b) Quad-copter2, (c) Hexa-copter
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625

In
i
om
A
$o
i
Ju
ufn
4o
o
-}
=)
n]
2
0x
N
py
Lok
i}
jok
0

ISAR Image generation _ _ _ _. R _| _peature extraction
: I
Dataset setting

Max Pooling layer2

Feature map2

Fully connected layer |
—— i

Image classification i
i

[

v
Range compression
v
Range alignment

Phase adjustment
¥

| |
| |
| |
| |
‘ Azimuth compression ‘
| |
| |
| |

v
Range-Cross range scaling
v

Range alignment

2

Calculate accuracy

P —
Classification

Fig. 11 CNN Processing of drone ISAR

ONNE tho] ARSH 3
(Subsampling layer) 2.2 A Ec} AEFA
o
&

r>~

o rlo

1 ol
o)

oluf Pejo| F7)0] whet A Fg2
3to] 57 e AT A1
14 ehg ol 54 W]

[>
B
_?L
-

o o il

ok
i
(i
o
of\i
™ oox

N
o i
£ i
Gl
fil o
%
s
Eﬁ
(MU
2 3
o b M= 0l
TR
e >4 30,
o mu L om ol
2 A
I]I o
R o
2 ox

m{

= o
3
a1

)
%
>~

e
_?L
l‘l[‘

L

[
o
A
T b
i i
o Kl AN r ol B O gk oy & om

o o = |o
X
fu
fr
i}
o ©

e

Il f2

4 =

X o of
M

U

Wk ob e
o
ey
®
o
il
S~
ob
<t
I
(i
7
>
~

2o R ox MOHU mH R oo u wo
rE 057“, 2 N
2 7 ox
_Ioll % QL i
o TR
> LI
N ~ oL gt
N —_
[\]
&i% rr
;
e
- rR
) -+
rlr =
= >,
N
I %
o e
N O
T Z
b 2
H

ol
afu

e

[e]

Q
st vk shEhe Whale etk 1A b
= 9HE A A7
(Batch size)2kal 3t} vl 2] H7] 9] Aol whet oh<5 2
I7h b)) izl At wjA] 27]9] Aol 2
Hel12]. s darelEel e ek el
SR o= W9 UM v A A271E 1022 dAs)
o} 501 9] eh52 sk

2
T @

2
M
fijo
SL
I
1o
B
uy)
4o
fu



I8 2 EAISHS| =2 X| Vol, 25, No, 5: 619-627, May. 2021

Input . 5
128 128 Feature extraction Classification

Drone input data

4
/ : Convolution Pooling
1 32@3% 3 2% 2

Stride : 2 Convolution a2 7T

64@3% 3

Stride : 2

Fig. 12 CNN Processing

ob5 mdlof 85171 fIsfl Al 7ie] =2l sl ok
glolE= 120714 & 360715, HIAE H|olE = 40714
& 120705 g5kt WA B3 A5 eE R A
sto] A/d3H ISAR H|ofE o] gk CNN 85 dih=
98%2] e HISIRAT:. of= oA}l HlolE wte
2 A Y 878& S20] hgshA] o2 Aot

oS Hetsl7| fla A FE T frAStES B3 ZF
&5 W3S 7hsto] ef=rE ol 2 AY/dshalTh oF
Aol ARl Al oot e HlolE o] ez
CNN 8}5of| ARg-5)i= dlol 8 -] A of] wheh rdl o]
‘deol GEtt) Al W] Al astglon, Pt
of EerE Fofl o) £ Jse Btk 1
132 A e A A3 5 7

94%0]ck. SAT4E 0] Sste] T3l mal A
7k 92sieka g 4 Qe
Al o] Aol oier mel Al H7h A AU,

Table. 4 Evaluation metrics

(%) ..
Accuracy | Precision Recall F1 score
Test
1 94.2 94.1 93.2 93.7
2 92.5 91.3 90.6 90.9
3 91.7 89.3 88.0 88.7
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