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Research and Development of Radar Drone Detection system

for Unauthorized Drone
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Abstract

This research project presents the research and development of a radar drone detection
system for Unauthorized Drone. The frequency modulated continuous wave (FMCW) drone
detection radar system at 10 GHz in the X-band is employed. The proposed system consists
signal processing unit, display unit, antenna system unit, and radar turntable unit in order to find
the targets. It is found that the proposed radar system is able to detect the drone at a
maximum distance of 152 meters at a power of less than 10 W. The antenna system consists of
a parabolic reflector antenna and array horn antenna, which provides different detection
distances because the antenna gains are different. However, it was found that the detection
speed of a parabolic reflector antenna is slower than the array horn antenna due to the half-

power beamwidth of the parabolic reflector antenna being narrow than the array horn antenna.
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1. WasNandye1ad RF mixer

2. Nﬁ]i%wé’zyiyﬂmmﬁumuﬁﬂ (low noise amplifier)

3. WITWUINIAIUY (power divider)

a aaaimaﬂaé’mmﬂmﬂawmﬁnaw (IF amplifier)

5. @1891n1ASU-d9 (Tx, Rx antennas)

6. 299sulasdyaundyaaneleadudymundnea (analog to digital converter)



JUN 2 spUuLIs FMCW fias1adu

o/

2.3 NSWAIUIYaNALISNITUTEUIANAT Y IURNAVDITEUULIANS

IF signal in time
: FFT algorithm Remove mutual
domain coupting
Spectrogram

Range and speed

/ calculation
Radar monitor

Normalization

=] I3 o ¢ ¢ o
E‘U‘Vl 3 LLﬁ@QUﬁ@ﬂlﬂ@gLLﬂﬁilﬂ']ﬁ‘Vl'N']u‘U@ﬂ?j@V\lﬁLL'Jiﬂ']TU'iSlI'JaNa 8UEUNEY



(Y] s [y A & z-ﬂ' | = a 1
miﬂizmamaaigmgmmauamwn%uimumLiJmJizLﬂmﬂaumaLuama@mmmmmmm

&, & [ A a [ 1 =] A a a LY
paMUU 7 VUNDUNAN 9 G]’]NEUV] 3 I@’IEJR]%Limﬁ]’]ﬂiUﬂWﬁminﬂJUVﬂuIﬂLQJ‘L!L'Ja'WlLﬂﬂf\]"Iﬂﬂ’]illﬂ"?jﬂu‘UE)fl

funaunasunazninds antuwlasdyaaanlamunatilidulawunnuiale FET sanesii [4]

v o A

Tayavradyaanlasuiaredlusivedamuial nMsnasseysseeieseninglasuiuisnis

o v

< o & Y a a4 o & ¢ s I3
LLagﬂ'J'uJLi??JENIWTHQ']LCUUWEN']LﬂiqgﬁiulIWLNUﬁ’JqﬂJﬂ @QuuaﬁawmLwif\]gu’]'sﬂajﬂaiuiﬂLNUL?@"ILL‘UaQLUU

TowuanudlagldnisudasiBie willesndoyaludyaalideilio SuiewdanGinuulinaies

A [
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A= Z e—tTknan (2.1)
n=0
N
[ 1000x1388 double
1 2 3 4 5 6 7 8

1 0.1658  0.0824 0.1658  0.1658  0.1658  0.0824  0.1658  0.1658

2 0.1658 0.1658 0.1658  0.1658  0.1658  0.0824  0.0824  0.1658

3 0.1658 0.1658 0.1658  0.1658  0.1658  0.0824  0.1658  0.1658

4 0.1658 0.1658  0.1658  0.1658  0.1658  0.1658  0.1658  0.1658

5 0.1658 0.1658  0.1658  0.1658  0.1658  0.1658  0.1658  0.1658

6 0.1658 0.1658  0.1658  0.2491 0.2491 0.1658  0.1658  0.1658

7 0.1658 0.1658  0.1658  0.2491 0.2491 0.1658  0.1658  0.1658

8 0.1658 0.1658  0.1658  0.2491 0.1658  0.1658  0.1658  0.2491

9 0.1658 0.1658 0.1658  0.1658  0.2491 0.1658  0.1658  0.1658
1000 10 0.1658 0.1658 0.2491 0.1658  0.2491 0.1658  0.1658  0.1658
11 0.1658 0.1658 0.1658  0.2491 0.2491 0.1658  0.1658  0.1658
12 0.1658 0.2491 0.1658  0.2491 0.2491 0.1658  0.1658  0.1658
13 0.2491 0.1658 0.2491 0.2491 0.2491 0.1658  0.1658  0.2491
14 0.2491 0.1658 0.1658  0.2491 0.2491 0.1658  0.1658  0.1658
15 0.2491 0.1658 0.2491 0.2491 0.2491 0.1658  0.2491 0.2491
16 0.2491 0.2491 0.2491 0.2491 0.2491 0.2491 0.1658  0.1658
17 0.2491 0.1658 0.2491 0.3324 0.2491 0.2491 0.2491 0.2491
18 0.2491 0.1658 0.2491 0.3324 0.3324  0.2491 0.2491 0.2491
19 0.3324 0.1658 0.3324 0.3324 0.3324  0.1658  0.1658  0.2491
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Radar Drone Detection Monitor

l}
Notification
DRONE DETECTED
[ ]
&
Position of Target
Range 56.1404 m
= 4 Speed 72.5731 m's
140+ IF Frequency 6400.6457 kHz
T L]
~ 100 Azimuth Angle 342.486 | Deg
Elevation Angle 60.138 Deg
Current Position of Radar
Azimuth angle 349299 Degree
Elevation angle 6011999, Degree
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Radar Drone Detection Monitor
Notification
i DRONE DETECTED
Y
Position of Target
2009 Range 140.3509 m
180
160 Speed 32.8918 m/s
N { ]
120 ° IF Frequency 16001.6028 kHz
50 ® Azimuth Angle 359.937 Deg
60 o :
. ‘ Elevation Angle 60.084 Deg
0 0
200 100 Current Position of Radar
pai 0 100 200 200 . . i
< 200 v .2 & 5083 Degree.
El le 60.1110000 Degree
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ALLAUIN szaziisAsInte seeNnaaIInsseLInbe Error (%)

1 21.714 m 215 m -0.99 %

36.190 m 36.0 m -0.52 %

65.174 m 65.5m +0.49 %

103.306 m 101.0m -2.28 %

2
3
4 65.800 m 65.5m -0.45 %
5
6

140.351 m 140.0 m -0.25 %




4. a3d
¢ ) v ) £ & | ¢ ¢ v
srUUIn$nTIRTulasulagnimundunsludmesawisildaeinialinumsiuy (hom antenna)
gULLUULLmﬁmmLﬁﬁﬂlﬂﬂ%ﬂmwuﬁﬂwmﬁm 1811150 UL AR LATI9AINND 8 D9 10 GHz ASIRNY

g1UAUD X band @sareernianuuuulrensIvets 9 23 dB Treuluszuulsansiuudygyiunau

1%
ca ¥

AOLEB3 (continuous wave radar) sllanaudgy g1 (FMCW) 1sansiddesldarsainiaansda 1ag

a1geInAfIuINITIM Ndsdy g uLazaigon AR NiaelivinnSudyy i AduANURvesdygIugn

1 o
= Y (%

Usuanud Tumunamsasenlaindinisnandyyiu (modulated) ausuanud lnaisasiaginma

AUV AT IMUNELAE §IAN1150 TR T2 8219 T MUEAUTAITZUULSAS LA wazdi1ugandnIsnIg

(% '
[y v Al

Uszananadygalldisnisulas FET emanuadnmihlumuiasyesussing 3ntuiliassezfaiuie

9

' v o
cal o = a v

Ipumdeniudiufaserldnuisluwuu 2 Hfuas 3 87 Hudszvusasnimudugniaadlifuszuy

Y
(%

A v o 8 v Y o v va a a a £ & da a a
WHULW@?\‘UV"]Uj'ﬁﬁll’]Umrﬂwﬂ']iﬂu‘wrﬂﬂ3qu1ﬂuﬂigamﬁﬂqwmqﬂEJ\TGUu YNULNTNAFDUUSTEANTNINUDY

s o Ay va s Ve Ao o a o o
L3NNI Naa‘WﬁVﬂﬂﬂ@Li@l’]ia’]lﬂiﬂWijﬂWUI@iUI@ﬂﬂigﬂz 140 m 1018989 10W 9nN@1UITaNaDH

uN19Nsuadlasule

5. 91984

[1] http://www.radartutorial.eu/01.basics/Irb02.en.html

[2] “FMCW radar sensors application notes,” www.siversima.com

[3] Kurt Peek, “An Analysis of the Effects of Digital Phase Errors on the Performance of a FMCW-
Doppler Radar,” A thesis submitted in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE in APPLIED PHYSICS, The University of Twente, September 2011.

[4] Heckbert, P.S. (1998). Fourier Transforms and the Fast Fourier Transform ( FFT ) Algorithm.

[5] T. Hauschild and R. Knochel, "Calibration of short range FMCW-radars with network analyzer
calibration techniques,” 1998 IEEE MTT-S International Microwave Symposium Digest (Cat.
No.98CH36192), 1998, pp. 969-972 vol.2, doi: 10.1109/MWSYM.1998.705153.

[6] Johan Svensson, “High Resolution Frequency Estimation in an FMCW Radar Application,”
Master of Science Thesis in Electrical Engineering, Department of Electrical Engineering,

Linkdping University, 2018.



