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® parameterized Time-Frequency Transform

! High-order Ambiguity Function

2 Product HAF

% The Integrated Generalized Ambiguity Function
* Cubic Phase Function

® Quasi-Maximum-Likelihood

® Phase Differentiation

" Refinement



AR line) g jul ¥ 05lenis i JLuo A" cale &y pidd

f.

O,5L 6l ISAR yalad sl —0-Y-Y
ple! 5l as 0508 (ISAR) 1ugSan coiae ailas slalal,
ibed | Bas Slakine 5 03,5 5yl psal 2lse S e
48,5 Oygo bajloly cnl (g9, 2 ool Sliuds o9yl aies
Cewd oy 5l s gl 4 Olgn 1 s, cnl o L00] el

IYAL o5 cress 9 au 1y o Jsbo g oo (g5 o widly

Olej ojga yo 00 pid (g S gy —F

wr Job Jobd Jimw Joeome sloaasiin lapi o5l (ol 5o
o S5 WS slo3lo 5o ly90 adsl 56 5 o)ljs0 uilS B
ooy 039> )3 Aebed G los slaml b g oud (5,8 S5
Sl GlgS oAby (o Wgd g0 035 (eSS adasis
28 Sgmed i o Ladadiine jlalas 1o b bl 4l (o900
" lacasiie S5 ol el 4 s, 5l 0] 6 las a5
b i35z b Bae g Sl sladasiin (edS ol
5 slite cale g e s &S o sl o oolial
i s Jo) e S shls 5 o)l o L sleoyy 252
A5 el 0 45,8 L5 15 glools bz ye ol 5o Lol
Olyge langly cae pn b (gog00me sluoaSTyy bl gl ylo «ouns
JUS sl a8 latal ) ol wgliate sLalgs 5 lasy
JESm altn sl cmsany (g o e Sl (2551
@l adlye aiz oo g3 2 5 3, 8L slaoy 5l (AL
loasilye )3 S alom 45 Syl ol b s Ll
o S ader 15 0l 3529 by yoe i3 2 4 by
o o b 5o jlwoaSly bLE ples 1 6,5 5l wde
A8 gy e iy e DUy rizmen Wige 29254
5,0 Alase jo s dlus Jopomo jluonsSTyy blis slass
oS A5l g sl Jsgzee Wy olaxs las | Woadlge slows
Ogd 6
a S S sl ) gleasiin S5 il Lol ol
S 5ol i (o 0 4 bgpe JUSew () Glaleadlge
Slasgly ey aS L?OT hase plas 1) Lad 5l aly S adlge
o odbogls o sl el (LS naddse aon (sl ()90
ploes 5l St slaasl b 5)lo sLad o ws)95 ) sl
adgl ansly slacs)5 b a5) JUSew 5l adlge SG See YL
OFfw 2 D9 oo il (Wigd oo Sl oy Jobo g (90
alge Sy Sloj sladiges o8 @ (aebcs) @l y2) asbcd ()l
it ys slaclbgls slasss K 31 Jlis gl sl JUiSiaes 5|
So edbgls o (sl wdl T 4 bgye (555 50 sl

! Grid
2 parametric Sparse Recovery

P LS e D5 by P8 onl o ablis bl s
sl oo slodn badse dlge o s 30,5 JLos wig,
Eel gy ol yo SBs pae g Slwle (Sozy WSgis
09_...,.: oolaiwl ).h.J Sy90 JL..i».w Lg‘)" Lbdoj) L}J‘ )‘ as .)9.‘4‘-,’4:
3 0les e 0, L JUK s b (09 adiive 4 azgi L 15

2,5 oolatwl (5 Fasadisn sl 6]l

N P i

Sl 53 0jgpal 03,23 (6 K sl oalitl b JUSow (A5l
G310 0395 50 ol 48 F 118 solii il 090 a5
0597 3> S Lygos JUSms (18,5 Sl 50 b G Hllog Sl
g o9 oslaiwl e Ll (ol il 8- pley 05> L (b
ool e [0Y 5 Y] wilows 1l L ol 5 ey 651
W o oS 23 ATwd 9 Ay 03,28 (6K (slapy oS!
iobe 0597 )3 JUiSow slaaasiine (S5 55 @
olS 5 aals aile JUiKw (slaaasuine b oSl ol 4
oloul L g oacds (6,8 S5 i (glojl jo JUKew 51 4
Wigd o0 03] (predd rdasiv (o 055> 10 dslica) L il

L8)5 ales )8 G 390 sy (nl O G 4o
il B -olej 0j9> 5o JUSew (S 58 @

b 00551 Cwadn Baa (uilS B - lej slaty, 5o
bl e YU (63 SIS b Jlowsl 5 So,L uilS 8- )le
38 009 Smday sl 00,88 (6 S Sl e e 5l (S
B IS (o By (e S (o0 00l WS B -l
A5 0SS o res g el S adlS 5 ials o 5| aland
Jloa) el 1) g iS5 aile (uilS 13- oloj sl
Cws (BLal slap 5 g 5 Sl (ool g 0SS Suo3
)58 o GagSime G le cazlye cnl o Y0 18] anty
03,25 (5 K lins 0 asbicdd o ile Slsieds (sango
S L gslmaigs 5l ooliinl L g 09 00 43,5l s
B 580 5l ey 4l g1ty S5 laay iab OMP
24z )iSe Oygodn b IS b S8 sl o S5
g Sl azin sl 4 le B agly cavody e

oolo (g paSoly 3 eolaiw! ~F-F-Y

Laolys g Las S ganatws ¢lp ol 5l a5 sla sy, 5l S
doF 50l oz e ol ile (6 S0l g o oliial
oolaiul Lad Sk (guaiows 5 pandeis sl (bgy o=l
3 armwy i 00l aegaze 4 53 g, (nl gy lesged

a0 XL glgil



g Obon Gl 5 pal8 Slaes dabld ¢ 8,50 Olasiue gl sl o Hloly (Sl 5L JUSKmw 109,50k 31 eolaiw!

b sloadlse adsl 6 Liad Wigh oo Cgmime B g5
Wl 1o (g s aidge slaws b (s lobins bls )| lalisee
by A5 05 e e |y Loy ol Ladidge olaws 0,510
e 3l dali S oo sladadse adgl B L i
S ol 0l 3,80 s 1 o, ol 505 IS4 5e5 o)
Al b, b JUSew slradlge ;o0 S &jlie 09 Cleay
)0 3929 (Vb (Snrod Lagygtn (9 Sanns )18 g
=l o 50,0 alemx YU | ass glhas alus ol g
5 omAle 3] i Sy L el e o 55 OMP 3,550
O 5l b 45 (6,508 slaggin (JUiSew 5l o)1 51 Bi>
Sy s Jmle o il ol Sl Mos Wlos gy diars
O o 09 0 o2 1 dlS sl 1 Lol ols wsalgs cows
S5 1oy ey 2Bly Slaad 4 o) B o )68 Sl e 28
s 181 Hho e Sl plSe )led b g oo 03 (eSS
ooy Slass (5)leds (( Kinrod 3925 (g solioo Comsts oy

A5 o azlye JSa L,

0,555, 5 pldl b o, laaasiin (pess sl el o

oS Slwbre o L gy (eSS e b (o0 358
Wtlboo ML iy G des a5 (s, ol )0 098 o0 Sleiiy
Pt ol g ;2 4l laan asbics) JSis
2 50 wbl JSw halise plod 5l adlge S gloj sladiges
ol s ‘SlLo.: 6&43154@ Egorno ‘(‘51*‘ 0y Slaws uaJ.Q l..l O g
S &5 paleiee (B @l S plsar [ OF) alal) o
aJgl angly g lasgly ce oy Slaxs w0y Job slodasin
slagygw Jb cal s odlo )|)§ 5,95 59, poldo oly90
Y) Q_i.o.é o)iIL, GLQOﬁ Sloxs ded 6‘)‘.’ ‘) asbos) iz
adgl angly wdlion ¥ shlo o XL ST oo cnl 4 eeds o0
ox 4 bgpe adsl agly g a0 VAL B e o ol o 4 b ye
Gawdz 0 , 51 Jlie gly 0g waler i a0 VA Koo
ol gl gt VACX L ag 5L il glas o ) aggly
VY- L. o= Lho)._) )l ‘_,’_SA =\.J3| 4.)3|) ‘o))\ﬂ L) é}i]l; LS“)‘
9 VYo s L: ‘) 4.».)5‘ 445‘) u...o.b).i:b oy 355@»‘ LS
VYo XL oag 5ls el jo ol pls cubls aualgs a0 Y-
cipaon A Y & B F ol sy ends il pnlss
ISz 6l ey (FO, OY - VY A+ X L) a5l
olass gl alowl 555 agly gasuaz o Il adl o ls asbicsd
Ol o Lo ygi olasd 0gd oo iy Connd Hled 4 oo

PR dgbss 5 e pile K (i 098 00 JuSiS (o 5le
il W lasly co e 4 gy plk aslicad e ple 0
=55k i b o W ke Sl Gl LS5 1
o Jyb 4 bgpye 5,5 51 Jlo 3580 5 il 5,80,
Aol Mg adgl aygly (6,85 5 wil alike Hlade L ()l
Sl iz e M X L ggomme 10 s plais] o
05— M XL sl)ls b puy 05l0 8929 2550 JUKew
azx0) ol a4 Jlaie Y2 slls agly (5,05 5T Me .alily oo
B ygins ol G 5l Lol L0gy qalgm Y80 XL Loy Sl sl
bl wle aedi bl UK Sis jo i oyl 90
Y cpl plad 5l JUKw sloadlge olass 4y add a5 ol p3Y
O a5 gla e )0 (S5 lo p a0 09 Ol (Sew
Gelaie JUiKw 5 adlgo SO L asbicd e plo j0 oL bl
ol G ad asin b cddls sales sl lade g
55 o Semoany T g adsl aygly g 05 Jobo ho il
olie an by e slaasboas aan sl a5l 5l o [07]
0y Js_.lo F) ) ‘)._2-‘ OMP rvu)s_i” 56‘4.’9‘) C liseo
shlsas ooy “_,’4?51;;31 popre 3l oolaiwl b cl 00 (pres
ods 2 delaie llal (geomine o650 [ov] 3O g,
OMP 2,551 &S & jg0 ol 4 ool o0y o0l POMP |y
Jol ad> 1o 10 058 oo Lzl brasbics) aee sl loje jgbay
abcs] B .onfe OJJLQL;L )‘dﬁ 9 .)}u@ ul;r.u‘ dolics]
45 (o slacdbgls chal al> e 8 )3 098 o0 (Slujg 54
p‘))}_ﬁ‘ .).:9_.“‘_,’_/.’ B> (Wlwd 6W O.X:LAGSLJ [n),\ 6‘)‘°
Wls 6l o9y ml 9B ST (e e (e
S9d oo LBl luonsSTy abak SG 4y bgy e ol Sy el
L ey lsion Olhss lausly a5 5l o (5
olaws F1anly casody Lol jluoasTy, bla aen b ol aslsl
0aile Bl oy awsliae b 15 ol canils polae jluoasSTy bl
Slilos (Ll lp By byd Sy (305 iy g allinl S
o9y ol 0, 30L slaasiin fass dlae o Lol ogd oo ploxl
5o 0ad b Plass jo .zl ol o Uas L YL 5395 50 Loguases
s ol lraasiie si jio e culs olass [0V 4 07]

! Pruned Orthogonal Matching Pursuit



AR line) g jul ¥ 05lenis i Jluo £ IO cale &y pidd

fY

Sl oS 1o 10 0 b e danlie Bl sladastine b sosl
oS s 5l g, 4 bgye Fige 5 2l Jlogel 50 e S
5 asbicas) J2Is o Jodb amasin folo J1B L ol Jloges
Camoddny dasuive )] e dsbicad (0,5 atly b oy
a5 W 53 () ay bgipe s g 5e8 loged 53 il
30 P90 B9, 4S 060 oo oddlive ailoas dloul iy prenay
oolazwl a5 Jl> )00 o0 yoo gl 4, SNR = 0 dB o509
e (JuSw laailge p 30 bl LSCa5 (im sl (b, )
Faell s 0 SIL 6l p90 bsy ol plis - )las ggllae

100
—pomgL & theta inside aloms
— pompctheta inside atoms
&0 — .-""“‘eF'rqmsed method:L & thefa inside aloms
Proposed method:theta inside aloms
- BOF
g
[
w
40
[
20 \9\
-
O
——0 o o
D =
-10 5 0 ]

SNR(dB)

3 T

—pomp.L & theta inside atoms
25— pomp:theta inside atoms —

e Proposed method:L & theta inside atoms
2r Proposed method:theta inside atoms

SNR(dB)

0.8
07 —pomp.L & theta inside atoms
\/— ’/\_,,. pomp:theta inside atoms
06- erposed method:L & theta inside atoms
: Proposed method:theta inside atoms
05" =
g N—q
S04~
4
0.3~
0.2-
0.1~
0 . ©
-10 5 0 5

SNR(dB)
03 o)ysd &y 51, SNR o 53 RMSE lsgas :(1Y) S

0,10 59z ST Bz dalol o

31eolyes adsl angly 0,0l Cmoas slaa &2l 5l san -

il o bl e L adlge Ky ol By |, il o a5
Ol g a8 conl cpl e dls Lol (ol 2 90 51 S ol iy
Sy dealym 16 b (Sam g sileand IS Gley b,
Oloier olsl fpl s 02 POMP o 61 s (g5l 500
u;‘ ‘U‘i‘))L“" ;).5‘50 ua.?(....uo ‘) (3] J}b 9 =\.J5| 4.5‘5‘) €0y JLX:J
OHGJ 00 (ya—olD > )..u dasiwo U"‘ o Lg,.,..o.s OJ.JLQGQL:
Sl el Gy Jelse kel 51 (S gy welas e
ST Jdodn gy ol il 00,08 (6 K gy 50 e
dolss pas ﬁ‘ﬁ B OMP p.u)ji” U.JL:.: FUARY; 9 Oo9 ‘_g|d.l.>).4
CoieS Sgt Sl £9-d90 (il 5 s pglie 15 oy

09.0:‘54  yao S0

Sl 7 o p Job aatiin 9z o Cul (l oo laxS

51 glassl ey a o Al o el Sy lmadgo o

w0 Job cdbols o sl 5 99D 00 S (g asbicid

Loaaicid slal (b Sz s8 4 15 al 39 S5 o2 )
IS oSS

a2 gy o daliciadd ozl oo ol sla b, o lodns (sl
Lnis 55 51 osliial Uy Laaabizal 5 o aisls by, ,o
(Slagly Sy g on Jsb sln Jle sl 05800 adg olgds
i Jims 51 (sl ymatised &5 5 [01 .V V] S o,
£ 3 S0l ot €55 ol bt L ¥ T
S5 JUSm S JBSe S cnl o (Jg el S sS06
00 ;28 (6 Sy (e gy Bl g Wb sl
Ore3S Ay S sSOL 55 5l eS (5 5 )0 algi e
jlaged Foe Ll Geizras 3310 JUSew slodazin
Lhas &5 () U5 ol ool (g5lwaned (6l JLSKm
g0, Sl gl ,— (u‘:..il_.oﬂ Voo 2 0 Lz ol w)
&y RMSE") ez Slay o oSbos ;3 (VF 5 1)) lo JSCo
95 2 Sl SNR ez o 1) 00 (99 lagly Sy 9 Jobo

el 5 S8 4 RMSE dalayly aies oo olis oy,

2?]:1(-7@ - %)%

RMSE = N 02)

8ly laae B x; — X, 4 &Lﬁj] Sledo olows N oS

sl sl pli Gialej] [0 0ad 08 (resS lade b daseiv
OS50 wediee LSS ,L Ve s SIISNRlade
oot Sl Jlas 3550 slacs )98 5l (Bolal ©)go laaasin
St Slaiadd g 335 o0 oS5 ovalive JUSw

! Root Mean Square Error



fY

Obon Gl 5 pal8 Slaes dabld ¢ 8,50 Olasiue gl sl o Hloly (Sl 5L JUSKmw 109,50k 31 eolaiw!

(31

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

V. C. Chen, D. Tahmoush, and W. J. Miceli, Radar
Micro-Doppler Signatures. Institution of Engineering
and Technology, 2014.

Y. Kim and H. Ling, “Human activity classification
based on micro-Doppler signatures using a support
vector machine,” IEEE Trans. Geosci. Remote Sens.,
vol. 47, no. 5, pp. 1328-1337, 2009.

P. Molchanov, R. I. A. Harmanny, J. J. M. de Wit, K.
Egiazarian, and J. Astola, “Classification of small UAVs
and birds by micro-Doppler signatures,” Int. J. Microw.
Wirel. Technol., vol. 6, no. 3-4, pp. 435-444, 2014.

V. C. Chen, The micro-Doppler effect in radar. Artech
House, 2011.

Y. Kim and T. Moon, “Human detection and activity
classification based on micro-Doppler signatures using
deep convolutional neural networks,” IEEE Geosci.
Remote Sens. Lett., vol. 13, no. 1, pp. 8-12, 2015.

Y. Kim and B. Toomajian, “Hand gesture recognition
using micro-Doppler signatures with convolutional
neural network,” 1IEEE Access, vol. 4, pp. 7125-7130,
2016.

D. P. Fairchild and R. M. Narayanan, “Classification of
human motions using empirical mode decomposition of
human micro-Doppler signatures,” IET Radar, Sonar
Navig., vol. 8, no. 5, pp. 425-434, 2014.

W. D. Van Eeden, J. P. De Villiers, R. J. Berndt, W. A.
J. Nel, and E. Blasch, “Micro-Doppler radar
classification of humans and animals in an operational
environment,” Expert Syst. Appl., vol. 102, pp. 1-11,
2018.

X. Li, Y. Huang, K. Yin, and Y. Qiao, “Classification of
Vehicles with High-Speed Airborne Radar Based on
Micro-Doppler Signatures,” IETE Tech. Rev., vol. 35,
no. 2, pp. 180-189, 2018.

B. Erol, M. G. Amin, and S. Z. Gurbuz, “Automatic
data-driven frequency-warped cepstral feature design for
micro-Doppler classification,” IEEE Trans. Aerosp.
Electron. Syst., vol. 54, no. 4, pp. 1724-1738, 2018.

Z. Zhang, P. Pouliquen, A. Waxman, and A. G.
Andreou, “Acoustic micro-Doppler gait signatures of
humans and animals,” in 2007 41st Annual Conference
on Information Sciences and Systems, 2007, pp. 627—
630.

R. M. Narayanan and M. Zenaldin, “Radar micro-
Doppler signatures of various human activities,” IET
Radar, Sonar Navig., vol. 9, no. 9, pp. 1205-1215,
2015.

C. E. Rotander and H. Von Sydow, “Classification of
helicopters by the L/N-quoutient,” Radar Syst. (RADAR
97), pp. 629 — 633, 1997.

S.-H. Yoon, B. Kim, and Y.-S. Kim, “Helicopter
classification using time-frequency analysis,” Electron.
Lett., vol. 36, no. 22, pp. 1871-1872, 2000.

Y. Yang, Z. K. Peng, X. J. Dong, W. M. Zhang, and G.
Meng,  “General  parameterized time-frequency
transform,” IEEE Trans. Signal Process., vol. 62, no.
11, pp. 2751-2764, 2014.

T. Claasen and W. F. G. Mecklenbrauker, “The Wigner
distribution—A tool for time-frequency signal analysis,”
Philips J. Res, vol. 35, no. 3, pp. 217-250, 1980.

I. Orovi¢, S. Stankovi¢, and T. Thayaparan, “Time--
frequency-based instantaneous frequency estimation of
sparse signals from incomplete set of samples,” IET
Signal Process., vol. 8, no. 3, pp. 239-245, 2014.

a8 e ool o] S B (6l JUSem (55l g5 052
JUSms 5 85250 Al (gl Jomo iy ol o [0 5 YF]
Jie abais ol an 1= glaj a2 ye 9 00,5 I | Sl
sbal 5ol (oo 2olS Jstme o oS 4 g 28 (o0
Ll sls olis olsiee Al 058 o SzrgS dabicdd e sile
oS o Lz slonl aymie 9,0 Gloj (resS )3 (S5

Dgdsn op Job g lugly e p e 00 sladasiis
ookl b (JUSw (992 woliie (g 4 4255 b s o0 -
Loy alols analoe 5 (8L o JLSow (Kinon 595 &6
oiils U LY o YY) sged Clas | b ads glis 6,90 o]
Slapsl o0 olasi a3 5o sl Lo add o5l 099
s ,Se0 g 00sm 6Kl B 50 ey calica)

L (3590 e o B Tax (e

S5 Az -0

oL slso 5l (£miS5l oy Sole JUuSs dllie ol yo
20,5 (Brme Shlag Sole g Shls eaay lul ol s g Sl
ol ot gl o 8L ) (a5l JUiSew 4 bg o Lal
Sy5= S B -l g (bS8 by slooje o JLKews
45 WS o0 SaS Hllog,Sobe JiSw Jelog 285 1,8
gl 5 aasine res gl cmlio oty 4 Gle
Gwd 5 j550 pom GRS 50 L8l L JUSw sla S
Ol sloaarin (rresd 5 0,5 039> 0 a8 Salnil Dlisiow
(Ol 0jg= ) dmatuiie (a3t glaghy) 5l (Ko ol plov
Sl g b 08l i b, o2l sl 085 (5 S | oliial
gy ! 50 d (Byme gy el S ess 4 ol
g oad a8 S s sakie 585 g3, o, L slbaasie
Slos slaasses o 4 asbicd) G ile slaggio o] ol
o ,9-5d1 51 oolaiul b asads JSCas ooy 5l a8 5L JUSw
ooty 45 o 51 Syt I L ladaseiie Jlaio OMP
Lz (sl loges aiad 035 (503 300 1) JUSews b (Ko
gy 4o ol sasaslis dbdasie sl SNR o

&\ o 5

[1] R. Zhang, G. Li, and Y. D. Zhang, “Micro-Doppler
interference removal via histogram analysis in time-
frequency domain,” IEEE Trans. Aerosp. Electron.
Syst., vol. 52, no. 2, pp. 755-768, 2016.

[2] L. Stankovic, T. Thayaparan, M. Dakovic, and V.
Popovic-Bugarin, “Micro-Doppler removal in the radar
imaging analysis,” IEEE Trans. Aerosp. Electron. Syst.,
vol. 49, no. 2, pp. 1234-1250, 2013.



AR line) gl ¥ 05lenis i JLuo A" cale &y pidd

ff

(35]

(36]

(371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

L. Cirillo, A. Zoubir, and M. Amin, “Parameter
estimation for locally linear FM signals using a time-
frequency Hough transform,” IEEE Trans. Signal
Process., vol. 56, no. 9, pp. 4162-4175, 2008.

H. Yildiz, “Parameter estimation of multicomponent
micro-Doppler signals,” PhD thesis, Middle East
technical University, 2014.

L. Stankovic, M. Dakovic, T. Thayaparan, and V.
Popovic-Bugarin, “Inverse radon transform--based
micro-doppler analysis from a reduced set of
observations,” IEEE Trans. Aerosp. Electron. Syst., vol.
51, no. 2, pp. 1155-1169, 2015, doi:
10.1109/TAES.2014.140098.

S. Peleg and B. Friedlander, “The discrete polynomial-
phase transform,” IEEE Trans. Signal Process., vol. 43,
no. 8, pp. 1901-1914, 1995.

B. Porat and B. Friedlander, “Asymptotic statistical
analysis of the high-order ambiguity function for
parameter estimation of polynomial-phase signals,”
IEEE Trans. Inf. Theory, vol. 42, no. 3, pp. 995-1001,
1996.

S. Barbarossa, A. Scaglione, and G. B. Giannakis,
“Product  high-order  ambiguity  function  for
multicomponent polynomial-phase signal modeling,”
IEEE Trans. Signal Process., vol. 46, no. 3, pp. 691-
708, 1998.

S. Barbarossa and V. Petrone, “Analysis of polynomial-
phase signals by the integrated generalized ambiguity
function,” IEEE Trans. Signal Process., vol. 45, no. 2,
pp. 316-327, 1997.

P. O’shea, “A new technique for instantaneous
frequency rate estimation,” IEEE Signal Process. Lett.,
vol. 9, no. 8, pp. 251-252, 2002.

P. O’shea, “A fast algorithm for estimating the
parameters of a quadratic FM signal,” IEEE Trans.
Signal Process., vol. 52, no. 2, pp. 385-393, 2004.

I Djurovi¢ and L. Stankovi¢, “Quasi-maximum-
likelihood estimator of polynomial phase signals,” IET
Signal Process., vol. 8, no. 4, pp. 347-359, 2013, doi:
10.1049/iet-spr.2013.0104.

I. Djurovic, V. Popovic-Bugarin, M. Simeunovic, .
Djurovi¢, V. Popovi¢-Bugarin, and M. Simeunovi¢,
“The STFT-based estimator of micro-Doppler
parameters,” IEEE Trans. Aerosp. Electron. Syst., vol.
53, no. 3, pp. 1273-1283, 2017, doi:
10.1109/TAES.2017.2669741.

I. Djurovi and I Djurovié, “QML-RANSAC
instantaneous frequency estimator for overlapping
multicomponent signals in the time-frequency plane,”
IEEE Signal Process. Lett., vol. 25, no. 3, pp. 447-451,
2018, doi: 10.1109/LSP.2018.2795554.

J. J. M. De Wit, R. I. A. Harmanny, and P. Molchanov,
“Radar micro-Doppler feature extraction using the
singular value decomposition,” in 2014 International
Radar Conference, 2014, pp. 1-6.

T. Thayaparan, S. Abrol, E. Riseborough, L. J.
Stankovic, D. Lamothe, and G. Duff, “Analysis of radar
micro-Doppler signatures from experimental helicopter
and human data,” IET Radar, Sonar Navig., vol. 1, no.
4, pp. 289-299, 2007.

B.-S. Oh, X. Guo, F. Wan, K.-A. Toh, and Z. Lin,
“Micro-Doppler  mini-UAV  classification  using
empirical-mode decomposition features,” IEEE Geosci.
Remote Sens. Lett., vol. 15, no. 2, pp. 227-231, 2017.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

L. Orovi¢, A. Draganié, and S. Stankovié, “Sparse time--
frequency representation for signals with fast varying
instantaneous frequency,” IET Radar, Sonar Navig., vol.
9, no. 9, pp. 1260-1267, 2015.

S. Stankovic and L. J. Stankovic, “Introducing time-
frequency distribution with a’complex-time’argument,”
Electron. Lett., vol. 32, no. 14, pp. 1265-1267, 1996.

L. Stankovic, “Time-frequency distributions with
complex argument,” IEEE Trans. Signal Process., vol.
50, no. 3, pp. 475-486, 2002.

I. Orovic, M. Orlandic, S. Stankovic, and Z. Uskokovic,
“A virtual instrument for time-frequency analysis of
signals with highly nonstationary instantaneous
frequency,” IEEE Trans. Instrum. Meas., vol. 60, no. 3,
pp. 791-803, 2010.

R. Ricci and A. Balleri, “Recognition of humans based
on radar micro-Doppler shape spectrum features,” IET
Radar, Sonar Navig., vol. 9, no. 9, pp. 1216-1223,
2015.

Y. Li, L. Du, and H. Liu, “Hierarchical classification of
moving  vehicles based on empirical mode
decomposition of micro-Doppler signatures,” IEEE
Trans. Geosci. Remote Sens., vol. 51, no. 5, pp. 3001—
3013, 2012.

Z. Khodkar, seyyed M. Alavi, and N. Parhizgar,
“Feature Extraction from Helicopter Using Time
Domain Back Scattered Pulses,” Passiv. Def. Sci. Tech,
vol. 3, pp. 219-229, 2013.

G. Chen, H. Yu, and X. Yang, “Micro-Doppler analysis
and parameter estimation of the rotating linear rigid
target,” in 2012 IEEE International Conference on
Computer Science and Automation Engineering (CSAE),
2012, vol. 1, pp. 94-97.

M. K. B\kaczyk et al., “Micro-Doppler signatures of
helicopters in multistatic passive radars,” IET Radar,
Sonar Navig., vol. 9, no. 9, pp. 1276-1283, 2015, doi:
10.1049/iet-rsn.2015.0125.

C. Clemente and J. J. Soraghan, “Gnss-based passive
bistatic radar for micro-doppler analysis of helicopter
rotor blades,” IEEE Trans. Aerosp. Electron. Syst., vol.
50, no. 1, pp. 491-500, 2014, doi:
10.1109/TAES.2013.120018.

D. P. Fairchild and R. M. Narayanan, “Multistatic
micro-Doppler radar for determining target orientation
and activity classification,” |EEE Trans. Aerosp.
Electron. Syst., vol. 52, no. 1, pp. 512-521, 2016.

J. Xu, X.-Z. Dai, X.-G. Xia, L.-B. Wang, J. Yu, and Y.-
N. Peng, “Optimizations of multisite radar system with
MIMO radars for target detection,” IEEE Trans. Aerosp.
Electron. Syst., vol. 47, no. 4, pp. 2329-2343, 2011.

J. L. Garry and G. E. Smith, “Experimental
Observations of Micro-Doppler Signatures with Passive
Radar,” IEEE Trans. Aerosp. Electron. Syst., vol. 55, no.
2, pp. 1045-1052, 2019, doi:
10.1109/TAES.2019.2895584.

P. Setlur, F. Ahmad, and M. Amin, “Helicopter radar
return analysis: Estimation and blade number selection,”
Signal Processing, vol. 91, no. 6, pp. 1409-1424, 2011.

R. Zhang, G. Li, C. Clemente, and P. K. Varshney,
“Helicopter classification via period estimation and
time-frequency masks,” in 2015 IEEE 6th International
Workshop on Computational Advances in Multi-Sensor
Adaptive Processing (CAMSAP), 2015, pp. 61-64.



fo

Obon Gl 5 pal8 Slaes dabld ¢ 8,50 Olasiue gl sl o Hloly (Sl 5L JUSKmw 109,50k 31 eolaiw!

[54]

[55]

[56]

[57]

[58]

Z. Khodkar and S. M. Alavi, “Target Classification
Enhancement in VHF Radar Using Support Vector
Machine,” Iran. J. Sci. Technol. - Trans. Electr. Eng.,
vol. 40, no. 1, pp. 51-62, 2016, doi: 10.1007/s40998-
016-0004-2.

H. R. Hashempour, “Fast Parametric ISAR Autofocus
Algorithm Based On Entropy and Eigenvalue
Decomposition,” Journal of Radar , vol. 7, no. 1, pp.
15-23, 2019.

G. Li, R. Zhang, W. Rao, and X. Wang, “Separation of
multiple micro-Doppler components via parametric
sparse recovery,” in 2013 |IEEE International
Geoscience and Remote Sensing Symposium-IGARSS,
2013, pp. 2978-2981.

G. Li and P. K. Varshney, “Micro-Doppler parameter
estimation via parametric sparse representation and
pruned orthogonal matching pursuit,” IEEE J. Sel. Top.
Appl. Earth Obs. Remote Sens., vol. 7, no. 12, pp. 4937—
4948, 2014.

D. Gaglione, C. Clemente, F. Coutts, G. Li, and J. J.
Soraghan, “Model-based sparse recovery method for
automatic classification of helicopters,” in 2015 IEEE
Radar Conference (RadarCon), 2015, pp. 1161-1165.

[50]

[51]

[52]

[53]

X. Dong, S. Chen, G. Xing, Z. Peng, W. Zhang, and G.
Meng,  “Doppler  Frequency  Estimation by
Parameterized Time-Frequency Transform and Phase
Compensation Technique,” IEEE Sens. J., vol. 18, no. 9,
pp. 3734-3744, 2018, doi:
10.1109/JSEN.2018.2812848.

S. Chen, X. Dong, G. Xing, Z. Peng, W. Zhang, and G.
Meng, “Separation of overlapped non-stationary signals
by ridge path regrouping and intrinsic chirp component
decomposition,” IEEE Sens. J., vol. 17, no. 18, pp.
5994-6005, 2017.

E. Sejdi¢, 1. Orovi¢, and S. Stankovié, “Compressive
sensing meets time--frequency: an overview of recent
advances in time--frequency processing of sparse
signals,” Digit. Signal Process., vol. 77, pp. 22-35,
2018.

L. Stankovi¢, I. Orovié, S. Stankovi¢, and M. Amin,
“Compressive sensing based separation of nonstationary
and stationary signals overlapping in time-frequency,”
IEEE Trans. Signal Process., vol. 61, no. 18, pp. 4562—
4572, 2013.



	1- مقدمه
	2- نمونه‌سازی پدیده مایکروداپلر

