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Nonlinear Synthetic Aperture Radar using FMCW signal
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Abstract

In this paper, we propose a synthetic aperture radar based on FMCW using a nonlinear radar platform. we
construct a nonlinear radar platform with different transmit and receive frequencies using FMCW signals. The
platform moves along a 1.5 m path to acquire second harmonics signals, implementing a nonlinear SAR
(synthetic aperture radar). Multiple nonlinear targets were placed in an indoor multipath environment with
linear objects to detect weak second harmonics. After undergoing the SAR focusing precess, a 2D hamming
window was applied to enhance the focusing performance.

8 9
£ =82 FMCW(frequency modulation continuous wave)7|5t2] H]Ag ot} EHAE-S &85t F/37i7dlolthe Aljtst
At & - A Fukprt g2 U4 gojoh AlAE ZRES FAE FMCWAISE E-8519om, SHEL 1.5 m Zojo] H=
& o|5olHA 22 IRTE FHESo] HAE M/ eltkE s AF EAVF thr EAlske AW ok A= 3HF0A

tiee] Bl BAL wiAste] mlokt 23 TS BAIstel ANl A TS AR T, 229 oY LSS Fo
A olmlg e AL

Key words : Nonlinear Radar, Harmonic Radar, Synthetic Aperture Radar, FMCW, Multi-Targer Detection

. M2 w517] fIsto] Bp2fo|m, olF flsfl HEv A H Al

SAE A7t AP ot Ak WA o] ufQ- e

glojtt 7le2 HAH S 2HE TRt A7 o 4% 14 Aoz TAZE SARIH o]#gt SAR V&
Gt 3§ EofollA F83 IS skl St 53], & < A7 Folttof gEFoY, T BlAE 4Rt HIA
A7§7-8lo|ckSynthetic aperture radar: SAR)+= 714 3 E4S 12510] SAR ©|U]X|(SAR Imaging)S A4

23 TARe] #S 9 AF 40 Qo] & olFo] ol= HIAY M7l o]t Nonlinear  Synthetic
ZA5t] o= =3t AT S tiokst ZHEo] AL aperture radar; NL-SAR) 7]&°] At=|IcH1].
I Qlt} IS SAR ojn|R|= EYEE #EE HIAE EA42 Tho| =9k ERIXAH| EA45k= PN

(Master degree student, Associate Professor), Dept. of Electronic Engineering, Soongsil University

% Corresponding author

E-mail : shong215@ssu.ac.kr, Tel : +82-2-820-0939

% Acknowledgment

This research was supported by the Challengeable Future Defense Technology Research and Development Program
through the Agency for Defense Development (ADD) funded by the Defense Acquisition Program Administration
(DAPA) in 2024 (No.912902601)

Manuscript received May. 16, 2024; revised Jun. 7, 2024; accepted Jul. 24, 2024.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

(465)



224 j.inst.Korean.electr.electron.eng. Vol.28,No.3,465~468,September 2024

HeFdolA st v AY-AF A 2t Ao
2 7[E3Kfundamental)7} 7} 11Z3Hharmonic)
E WASHA ot olEg 5442 vAdE AAREe] E5
Jog "y At EAcH] &2 AF EAE =
T 5 Qe SH0E oA ¥H, E oRE HAE 34
GASKfocusing)s Y3t I+-2 DORT(decomposition
of the time-reversal operator)& &-83t &7} A2t
HAATH2], F3t B azimuth) s Y=
M= QbS] o | & 9 Hjd QY] =7
57]“1 da= gt JI9o|x: &5kl SARO] H|SH F
tlo]elo] 27|17} REoto] FES s Sk
%‘?ﬁ?}% o] &It} T35 DORT 7182 3249
7H—}F—°ﬂ e} AAE QEEY 7RG S7FSHAIRE, SAR 7]
HE 729 7o} AA” bV g7t skt
o] 43It} &, NL-SAR 7[&2 A% EAQ vlA
HAo] EAok= A= 1RuE /st HIA
3 ;A tisfiA SAR o|u|X[3k7t ZFP o] Abet WA
o gAEL A0l €X7} 7Ks5ic}
71220] AQH=|JE NL-SAR 9= stepped frequency
aves S-&513l0om, FHIAL AEolA QMU HY 9
£ olEohAA HA A BlAY Ao AR 23t
pzut A5o] tisle] 34 7R TH(synthetic aperture)
= ©]Fo] NL-SAR ©o|u|R|g}E ZIgstirt1]. shA|et
stepped frequency wave &Let tEE4 FMCW
(frequency modulation continuous wave)2} H| W5}
of A% A d FH55k= Alte] dojzlth= Tl &
Agtct. olgdt e ASE FHE AR k=
T 4ae} ols A0 tisto] oln|A| gj=to] HHET 4
Rom, kAl Ay $Hgo] ofd FRRAL oA &
A2 ZgPsto] Hof| o5k WAl JFE ERIT 4= itk
mEha] 2 =FoAs dRkEl AW @504 FMCW
283 NL-SAR *]i@% Jotl o AJAH]
= e

HIE I

o]

ot ofl

[©)

I

_4

rb

_4

. I3} v)okst yxnkE 9ls
W(hamming) 2 A A=
SFATE

3k SAR o]u]R] ekekE S

< 831 s T4

1. ¥AY 77 oIt} ASA
7129 A3 SARS} NL-SARQ] Ao]&L H|E(beat)
AlS FE2IPgolA 2RIt} vlAE FMCW #lojth=

Acquisition of
receive signals

} }

Extraction beat Frequency
signal doubler

}

Range
Compression

}

Azimuth
Compression

}

2D Hamming
Window

|

NL-SAR Image

Transmit signal

Fig. 1. Block diagram of NL-SAR signal processing.
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Fig. 2. (@ Schematic of nonlinear FMCW radar system,
(b) Indoor measurement environment for
synthetic aperture radar.
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Table 1. Target position by case.

B8R A% 8 02 B 9|
Target label Target Coordinate Unit
(Type of Diode) case 1(x, y) | case 2(x, y)
Nonlinear Target 1 ~
(BAT-62) oy 031 (meter,
Nonlinear Target 2 ~ meter)
eMs7630-070Lp) | 04D | (03.07)

* Platform Position (x, y): (- 0.75 m to 0.75 m, 0 m)
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Fig. 3. (a) Range compressed signal (b) azimuth
compressed signal with 2-D hamming window
of case 1 data.
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Fig. 4. (a) Range compressed signal (b) azimuth
compressed signal with 2-D hamming window
of case 2 data.
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