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Abstract

The widespread use of SUAVs in modern battlefields poses a serious threat to military forces and
equipment and highlighting the need to develop recognition methods. Traditional techniques face
major limitations due to their dependence on parameters such as aspect angle, range and polarization,
as well as the inherent characteristics of SUAVs, including low altitude flight, low speed, high
maneuverability, and small RCS. this study, by using the Singularity Expansion Method, the system
identification approach and employing adaptive and fixed RMSE criteria extracts the statistical features
of the targets and introduces some multidimensional feature spaces constructed from the zeros and
poles of the target’s transfer function in the resonanc. For evaluation, 3D models of a fixed wing SUAV
(Skylark) and a multirotor (Matrice 400) were simulated over the 120-600 MHz frequency range and
under various SNR levels. The results indicate that the complex natural resonances depending on the
target’s geometry, dimensions, and material provide a reliable basis for recognizing SUAVs. Increasing
the SNR from 13 to 19 dB improved the adaptive RMSE by 24%, while the fixed mode, despite its
lower accuracy, reduced processing time by 99%.

Key words: Fixed-Wing SUAV, Multi-Rotor SUAV, Complex Natural Resonances, Statistical
Features, System Identification Method

mahdifarajollahi@ihu.ac.ir : Jgiume ol gs Juos!
AR



Y
o Target
AR .
Imagery ) None-Imagery
L] L] et — -y v
~Kinetic Micro- Crossrange. HRRP Natural
i SAR 3 Doppler  Profle ' Frequency

iz (5 pdgy bl 52 )31y S (Blib Ojlagd - ) JSG
S 1oty a bospe Jome 50,8 cma 05310) ,5095 Bud  glwlid
[V] (5 o0 i 1y Sl

[9 obee s’ gl yIaly 51 (gdlui :Y Jgua

Jgpame oU )g.ms kYO LY ‘;ﬁg
(km) sbo!
Retinar FAR- aS g Ku | ¥¢¥ Al 9580
AD '
Hensoldt- -LJ X 5 by 9,5
Spexer 2000 | ° );L 9)&
o a3
Aveillant- Wik L I > 9,500
Gamekeeper L
o a3
Obsidian Wik X Y Al 9,80
Blighter-A800 bk, | Ku Y Al 9580
Weibel - Sk | X Ve o>
XENTA-M1 ’ A 9
Retia - X 5 RCS
SHRA>
ReGUARD
e o
ART-ART Ll v 15 4,5
Midrange 3D o Ao e
ELM/2026BF | |j | BY |y bs
Elbit system- ol | X 5 bl
DAiR™ Sl * ”&m
JUREECS
ELVIRA RUTS X YY O L g5
Thales-GO20 ad| X ¥ I>
" » b 95
Thales- a8 X 5 I>
SQUIRE 7 A2 o
SAAB-Giraffe Sgw X ¥ bl §,Se
1X .
o a3
Leonardo W S y- 1>
DRS-RPS-42 | s

el
sk RMSE7 cls 5y odMe ¢ Jd alie > ooliiiy S
39 ol sbgS s g cd)S 51,8 objyl 590 35 coll RMSE clls
4 3y opte YL B el clb & ks s oS
Sheslasel ¥] jo lis) ccul St (B3l Glej diejls yel oyl
oalaiwl olsd (gojex j0 1) by Cladss (o (ooluiy slalas

5 Inverse Synthetic Aperture Radar (ISAR)
% Trace
7 Root Mean Square Error (RMSE)

dodio—)
P odiS s Jolse 51 SO leisay dley YoV and
4 )88 gailge yus ) ol [ g Gud jalb 505 laglue
2 EhosS pgd 358 cdiged Slyicdr (L8)S J1)5 dxgi 3)90 0315 5l
iy sl J @l spSoge 45 3 ol VY- L
il dxlse cin cela e b1, CKeodS Lol (clotibolus 1l oo
csodlitl A5 LT VY Jlo 134 duwgy 5 oplySol K (piomen
hbghe 50 plasa ]y (o)) 5 Lol laskeg jl ey
sl 8lcin 51,87 51 s lal 95,5 7 ylae ol clad a5
5 olxl ejaoilsy Six 3 dules sl pbles |y miipe 9
bl (gladlay @l &, YoYO 595 YF L VY o5l j3 a8 5yl
5 SrSope Cuetl g 238 bl 0358 (i Bokiyh) 9 (o)
oAb by hmilote el slasys 3 byl ol (Sialea
losligs b ablio 5 bl (i 4 ol o] Silo Sl &Y go0
15 ooy elaibols Ll clajl 5 S 4 oS dmodyi,
295 o3l 5 o5 sy RCS! .l o a5 (500 sl
Sl bl Lills & swarm b omen Jaslis 0 laolgy
ol bl Dlcwl oas i mdle cbabls
&) IS5 Ban lulis lagygld 1 spSads slacd iy
ool T e (350l sl By yeals s 4 Bies 45 ol ol
iy e SOk slaisy 8 cul 53 & oY Jogll
olmosls sl Ll ylisgs aSol b aS o Jos 13l Sy olsica,
NS o L8 o3l y 2y50 J8355 Bua slulids sladiloly o &
Jols 6)loly prglad it (09l 3o 9 Syl sloodls Jols
g oo O sSan S 5 439y 0l o TS i) Sy gl
odlaiwl 350 2lsx (o)) sladilobs ;> Vaare (S5 4jg, o],
P e S (S F djgy bl S Jep 0pSe )8
Lo oleld aie) » Cwl @y b L bl sl
(slo gy ) IS5 .l il (0n5 (5o (s1ailair 35 a5 Sl
s, Kaly V]38 o isled 4 1) 058 G ololis calisee
oolial &I ey 5,59, 5 Yooro 5308 Ban (olwlid i
lolid 5 (Shy gl il GalS o6 5> Jold & a8 s
) i) oo 5 Sl i ()b, slolidal e > )
Sbpe @dS (g)bly ol wlolw I (golaws N Jgio jn V]S 0
[¥] o alis ol Bt sl oanlite 5 Cilisen (sl gt
JUb 5953 51 S oaiiS plote Sy (sldd Sty 4
slad (ool g aby g QWS ey p e 2l
Ol ogMe [Y] )3 (g i3ge Sledidiy 0jg> nl 5> (Shg
el 2 el Ll olog o) solaie 4 aSNR 4 Colanl sl

! Radar Cross Section (RCS)

2 Automatic Targer Recognition (ATR)
3 Deep Learning (DL)

4 Synthetic Aperture Radar (SAR)



Radar
=l » )

Target
response

v

Early time | Late time

[AMdad S (w523 9 (w395 Gowly — ¥ S5

Ol 581 )8 JUSew oy > (i 3 bl (b sladyaits
Gl S pioe ypd Gl oy @ WS Ol Sdngh yide «)
o095 b ol &S wwwsl ARMA e (s b5 wuis
boaied oo JSi5 1) Joo ARY ion uppd Gl s MAT i
el Goypd (i g GhKingh 251 S 5e0 &S0l 4wy
5 " omle olae o (hey wile AR Jue e glagly,
cshol JSutio 29 oo odltal iy (pl (pedS sl oty ple
2 Gl oy Gesly 385 silulix a5l daly) ol I edlatal
bl Ban il el g JiSee cuwd & Glys
s ()3 iSu (gilwhis il (ool bl aub (lay s
o s Shy JiSKew (w29) Gl Lz e g dalg el
ey 3 odlitel b e Ml 5 I Ll )l |y oy
Siloba 4 Gl kise ARMA o p (e plow (ololid
i 3 29290 Oledbl Sl g oo aSly an () A
basye Ve 5 000 365 sul Gl MA (i ol 45039
POl s @b g wads gl p e Saa olulis b
SOl A Cwss gawd S gaddb ol gad ke
ol il 5 oy Esly BT salid ais ot
@ pgd satwd ([AW] @alie )yl oladl (0395 Zly Sl
b blsw b gbnais gl g sy (S
([VE=VA] aale) 5515, 00 ARMA 5 AR (el Jio 5 650 0
Cdiwd LBl drwg Const gdiwd gl yhey sl p el g
lalad sty 4 (b (gdiwd 90 (sla g, I edlitwl b pow
oy Slaal (ablS ganngi g Shal plas ly w2 Sy
Jlo 3 VO] (Bt g iges Hlgisas ([VA-YY] aalye) W3l 5 o0
Slaal gl [YV] )5 1) (L8 sdllie (uilS)8 (g059> by, Y- VF
o9y ol YoV e Jlo 53 5 D] (B ai g g 285 )54y alon
Sdwd .53, 1SS s sldline (gl [Yo] p ¥VeVY Jlo o 1,
il Jelod g Clab gl el sla by (2bjyl g avolie 4 p)len
[YF] csllio o (sl ([YD Y¥] alye) S3l5 0000 s cslalisd
5 A58 Slagdey L) (Sb)) prle Sl 5 (Son clags,

¢ Creeping waves

7 Moving Average (MA)

8 Auto Regressive (AR)

° Prony Method

10 Matrix Pencil Method (MPM)

AR

@ Jb by ol Jlb us g5 5l oaSia pled 4 g 0350
layggy (Hgo 9 b Jb sladkag (lolid (19531 jgy ool Ji>
ausdS Gladss ) golpiuin Sy slalad 5 Slae b b o
Shy cBlaS oMo g 0dged (uyp 8 oje nl )
oles Bl 50 s slalad @islS oolgiudn

299) Hye 3l e Jloskag ples g (Lol Jlis 4 Baios ol
i 9 15 ganb ;> dB VA 5 VA A8 AY SNR!
Sl laigs 4 Jloyl S0 Ui By et (S iy sLaS
s |y iS5 S S 05 sanl 2y 1y o oS 398
ilbodse o Gl 9 090395 Gl sailhe 93 )BT ez 90
ASD < V-Abys oS cul (A s anb )l jglate 5
D gy S5 WS oo Jsb plon Ay el o 13l 155
A5 5 b ol 4 g 3 sl Gt pwstis lel Sl
(22435) (o Gla il 3 Jolis (Jlol JUSKew & Caslins (] &
Gl b b b 1) IS iz 4 Baa Fly sl Ban
b e o plgisd Bun (oS (pl )3 kel oo AL
oyl JiSewo 51 ool b el 003 (il Jse loj b padolpusis
a2l )3 s 2 a5 b el Cunday 93 (S48l Gl
S dewle ARMA? TLS? Jse g pitns (ololids 39, b s0i5
gl his &b gy g Ojpo laboasiz laddy; (e
sbaady) g Joa @b slajio ploa Ojgo glaady) W05
Osped el (359 s 0apell b @l lacdad ()l g5
s blise anb vy b b glackd lged
%03l 2,1530 )15 sgmdyy Lanwgs oS SEM? (g5 llas . b 00
W sugly 5l e Gan S bl (aub gladads Wb &l
Baa pliyl g dp (S o ghead (63909 gge S
4 bl s slniis & de j5b ol p gy [0-Y]isua
sl gl 5l plgiie 5 s analy Bun slal o ez (S
gl 1 S5 & psblan 25 oy San e Chlanl Lol
Gl cadlhe 93 JBT o ¥ 9 ¥ slaJSs pollae Cu ya ais
sl Slobily 5l (5 009 Gusly sl oy sl 9 (9595
sl (s (00335 glgel Jl (BU ()23 Gl g B o ]

9 4lod Zohus j1 Tosi5 glgel i 1 g (gheia] OU3L - ¥ USS
SHY Gl coli JU Sa g8 slwe s

! Signal to Noise Ratio (SNR)

2 Auto Regressive Moving Average (ARMA)
3 Total Least Square (TLS)

4 Singularity Expansion Method (SEM)
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3 Singular Value Decomposition (SVD)
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