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Abstract: The technique of radar feature extraction, imaging, and recognition of target with micro-motions has
become one of the most potential research directions in the field of radar target accurate recognition. In this
paper, the concept of micro-motion is first introduced briefly. Subsequently, the achievements of echo modeling,

feature extraction, imaging, and identification of micro-motion targets are summarized. Several typical frontier

applications are then introduced. Finally, the future development trends of the research are discussed.
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IG5 RIMAMBIERE, BT AGRHEE B NS
K EFREI, Rl ARG A B PR R AT R A A
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Tk H bR el B AR AR IS B 1) [F] IS AT AT 3 FE
FERBUL-F B LAAMOIREN e s AN IZ 3 55 5
(Micro-motion&{Micro-dynamics)®. HriMshe
Xof B 2 B R AR LA T IR, 3T AR A R R AR R
W, A H AR B3 A A R 2 A
FeAE 5 I 51 NBAR R f At o X ANEAM R I
EIMNZ S RE S, X ) ] T
RIR N Z )RS (Micro-Doppler effect). 51
MEBATE AR, W E M E EEE S 41k
FE T EAR F R M BE I LR . K82, i
2B RN AT Ay B ARSE M BT 5 H bR B AR 1A
MEAERREE R, W 28 A 1 5 I Ry
PE, RAET BARUS) BN 2 R . 2SS
ST A S BT DURIE H HARITEAR . &5 44
B ROME RS E. ZJPRE K B is—T
TSR . B IARE S A EE R 23 A B AR
22 A B RN AR B 2 A A5 - P 26 S I RHE AR
B, RERE S A H bR JE MR R A B
NI 9 T 35 B AR B AEBERIN 5 85 3 AR 0 2 A AN R it
vt 0 = SN ' X =TI 5/ €0 SR S0 1

Bl B B AEAH 0 T8 RS 43 BT AR
[, 20004F 3 [E i 42 78 95 50 % (Naval Research
Laboratory, NRL)[JV. C. Chen¥ i85 & % &% 8
(R TE 205N BT B IS W 453, IRk TR
B BN TR IS R G TAEPR K BUR, E158h
T PRI R AR, ARG R A H AT SR ET LA
MINE] H bR B8N, R TR T HIAES
() B AR S R PR X —Fr . s, fEsh B
FRERI, SR 5N EORZ 2 1 B A A K E R
PRI A 5 000, JFIAS 1 3= & R 58 %
Ro ARICE ST EAN BB H bR S & BB K
Rl ARE MBI RHESR I, S B AR AR B S Gl
3 H AR 5> K513 J7 T AT AR, FEAAH
TIUM AR RIS R, e Ja R A HE RRUR JE
AT TG,

2 WA

XPRZ A BAR NS, fIAH TAET
Bt H bR GRS AT R AR i R 8 Jry A5
B FEEEUR AT SR SRR DR A R U AR
RURFEIR H AR 0 R R o 25T UHU R
W, V. C. ChenXjie#s. Rl BRFHED4F0
R T 2 51 A i 3l 22 2 B BN 4T 1 Hey:

A, RS MGEM . T.Thayaparan!®
BT T MR T2 AMAIREEE, 193] T 5ERiES
PR TS w A Ma), HE
T IA ML (Line-Of-Sight, LOS)J5 Al L 13z sh i 5%
NTEEIZE), BRAR A ik 2 I A e n] AR

o () = ; wxr 0] - n

24
— Aot cos (wot + @) (1)

Hrb, NNEIEKSHME S, w e f Bk
&2, r(t) AR R RE, nEKRLOST I,
Ag NI TFITIBIIRE L, wo N HARTIBIINE, oo N i
WISE WG A AL T IRB) . BT S HAth 2R i
e, B SR e e bt B A
K(DFrRMEREER. E1(b)4AH TRITER =R
B R SRAR B BUR AL E AR (S @ EK B bR ) e iz 3
I E K R I A AT A SR . AT LA, H AR
B B2 AR S B I . fshiE R DL
LOSTERFAHI,  FBEI ] 1) A8 40 KU R A 1R 5%
WM (Sinusoidal Frequency Modulation, SFM){&
ST AR IR S R T X AR A R
o HSk b, TSl B AR T AN 2 18 R
(AR U B AR v, DR i R Hh 8
rE 5 AR A 3 2 5 [ R B AT E R VR R
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SO SR AR BREE S e, BAREIKRAE
14k =53 #HEE %14 (High Resolution Range Profile,
HRRP) 741l o 2 B0 BT %38l B s A% [ i
IR (1) n i % 2% B B -8 T 1A) 1 T b Fr A% £k iy
o MOIF, BR 7R (1) B Rk A A i sh 5
L[ A [ R R AE LASE, SEFT LA E S e (1) n
RA A h - 12 I TR R R AE . L (c) BT s A
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INIEIEE
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P HbR, ZHEIE HIRRIZ3hE 208 2 Mg gy
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(b) Time-frequency analysis result of the micro-Doppler

result from the single rotating metallic ball
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(c) Range-slow time profile of the micro-Doppler
result from four rotating metallic balls
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Fig. 1 Echo signal analysis results of micro-motional targets in the anechoic chamber
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FE B bR BB, R[9S T 25 5Ok 1 T il
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FRIOEE E bR, W0 s T i 2 Ak, i A
FrTEBRE F AR, KRBT KT RS A )
IR PR, 2 T g A RAT R AL/ BT IL B AL
SEAE, I AR 2 (LA AR DL St T B 45 4
o i, BT EIERMESHFE
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Fig. 2 Micro-Doppler feature example of the precession target!”’)
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MR B AR sh Rt 22 e 2 A dE i [l e A, A B
TS 47 i A AR [0 2 B H % AR R
B, SEUAT BB R E SR I . EEAE SRR T,
T H AR 1 S sh = AT T UG R 2 &1 B AR Rl
A, WISCERLT)R T 2 H A8 2% %) (Multi-target
Micro-Doppler, MMD) RS, @80 5T 1 R5h/
WEHERE AR #0715 SCHIR[18] B 7 1 3 H
B3 H B RS B 7 7% o ABAESEBR R, 38
TS T B B [ ARG 1EH, X — T
VEILA itk — D HIRNHH 5K

HP XL A AL i (Multiple-
Input Multiple-Output, MIMO) & 1A. FEF A
A T A A 22 I B R ORIR I B B ARt e — AN E
B REE . XRTEIEN 2 AR AT DL e il B
BT IR LA HUBRME I R PR S RS N 50, T R

Z A TR B AN, TR H bR S A AR R Eh
fiE. [RIE, 223818 A3 AT DL R 47 3 SE B B R E
5 BAr1ash R 2 TR I OCHRUL D, $25 H AR 73251
ERRPEDY . ) L SR TR A R H AR 2 B RN, S
HR[20—22]FR 73 A AMIMO B ik B 4H I F 1k H AR
M2 BN “34E % #)) (Three-dimensional
micro-Doppler)” 2. T ZiliEHEAR K E
(VRFIR 25 ) 25 44 LA S B AR R 21 v, B AR
2 B 20N 5 TR IR AN Y DA R H AR AR T R RS
Z R AR (IR IR, AMNEHEIER S TH
IE BRI 2 1) H AR S R E A A [F]), X A FEEL
H AR 75 [A] SYE T BN RFAE SR i 1 R $RBEA o
3 AEIHFIERREX

T 30 e AE 2 W 32 2 38 3 49 (B0 98 1 O ) e
P, MHSREUR B H bR gE i 12 30555 B IR AE
&2, HFETRIEESIAN BRgl. R Bk,
FNRIZ RS EFS R, AEFRRE. 52K

# 1 PHAMIMOE A R L (21 & 51 FE T4 MEYE TT) SRR BT IR SR B 3 HEdE 8IS m B AR B R HFE

Tab. 1 Micro-motion feature of a rotating target with three scatterers received by transceivers in a distributed

MIMO radar system (2 transmitters and 4 receivers)
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TN RHESR BT L AT L2y AR LR
3.1 ETTHIRMEIFHELRE

BT AR ) TS RAAE SR U7 VA A2 T TR %
AR e 77 VoK G T 2 B A5 5 7R SR AR S Y 2>
MG, ZERICRFFE, HEATRHELER, A SE LT
MBS 5 R -

WA T b — MRS R B RN A IZ 5, S
H R0 87 1545 5 B SR 24 T AR 2 R G
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P B AR e, S A 3 B R AT TS R AR SR Y
(771 R B SAHE 5 AESUR ) 2 R ek, Bk Z A
AL ThRE, X HEFRE S A FEH . AR HT i
Tk ) 3 [ P IR BT ) MR 1) 5 52 pR B, Ak
Z W IE SR MBI, AR E SR AR
By AR, R R IE 2 Hh i
WP TF B R t, —#&iEiTHough?®
#2 7 Y RadonF#(Generalized Radon Transform,
GRT)®, ¥ Radon#(Inverse Radon Transform,
IRT) 2988 J7 V5K 320 G o W 1) FUA% A Ry 2 87 ) v
FRYUEE i o 00 ) LR S B H AR OB Bh A AE . H AT, 1X
KT8 % F TR IO e R B H AR I SR, S
g b, T HMGEER, RERS BT,
AT I A ok L P i e T AR, SR A A L
HIAR TR, AT ASEI H ARTIEh R E 3R B . N
LR, 127 ENIsE R N S8 A 1 4E
HOAEHOE KR, T B RIs S T DUR L — el
R, BRI TR AR mis FE

HiEE: . PRENSEMEh 5 R M E HE(E SR
PNSFMAE SN BT R, RS
SFM{E S PZ N A . I AL itk 8% A&,
B H 85 S AR R . SCRR[26] &AL 1
HAMR 12 58 R IEZMAUE S8, 2 1 1R
WEAE B A5 4 (Sinusoidal Frequency Modulation
Fourier Transform, SFMFT). T geE K0} ]H
M BRETMEZEEEE, SFMFTA LSEHLN
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(a) Time-frequency analysis
result of the SFM signal
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R LB . 2 Bl A B S5 15 L T BB R R 3R
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PiEVERE . (H2 U550 B3N BN, F5
FESFMF T 4 227 AL 4RI, A DA 35 A8
P T i ) WA T SR B BB B o SCHR
[27)4& 1 1R 5% VR A B DL SE JR AR 4 (Sinusoidal
Frequency Modulation Fourier-Bessel Transform,
SFMFBT), #SiE TSFMFBTHIEAS M. A
HAPE. WRAERF IR BRI R SR R i . SFMFBT
MM 755 B4 A A R G 25, @4 ¥ SFMFET
2 7 B I 1), 5 4% G2 5 T Bessel 2 bR 2
ARSI L, SER T AT TR 0 HE RN
FEA R HIESE, T SFMAE 5 GRS 115 £
Gy BAT 5 I 7 B A HRE O SR AT T S A TR
K3 F 7 AR FISEFMFBT 43 1 £ 43 8 SFMAE 5 (1145
R REHNESLHRTTENTH#H P RRES 7%
BN RHESR BT ik B HE RS EME.
3.2 ETEGIBHMENEHERE

WRGATE, e SR E A, Ll o
[  7E 14E BR B AR T 41 1 1 i) R AGE SR 3R A5 B AR 1)
BNRHEZH . HRRPZ H AR BUN O fE R IR
Tl B AR, S HRRP I i 2 3= ZER I
NE B RO 4 A SREEFEHRRP 741 (8] H
FEHLAZ A, X RO B Hh O 10 JE U A ) R T
HRRPJFFIHR BB RHAE ) 54l 853K - Hough
4. Radon8 #5714 HUPR B - 1 b i) Ja 1 &%
TUBNHUN R AR A GBS IR, SEBN 23 (8] sl H AR
HE R B0 S A B AR B SR
flith . (H2H THRRPH T UM 8 BUK
PR SRERURYE . WIABUERYE, Rl R HRRPXS H
RS ARAMARF UK, TT A fREAR100.2°, B
=SB IRk RAE B AR BHitk, IEBF
K AT, fhiH 152000 B AR S BRI A T .
AH P 25 T 52 B I T UL P 5145 T HR RP AL 22 % 5
& BT 2 A0S0 IR UL 3R AS T HR R P BX & AL 21 1%,
HRREME IR H b5 LS P SE I Bh R LE -
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K0 ¥ O
T 02 T 0.2 (RS
04 I 04
50 100 150 200 250 50 100 150 200 250
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Fig. 3 Multi-component SFM signal and its SEFMFBT separation results
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Ak, AT AR T IE T, HERETAET mE
BRSEAT NI, 38 R U A AL AR 7 5 (Inverse
Synthetic Aperture Radar, ISAR)BUZ /7 51 K HE HL
H AR ISR . TSARIE I FR 25 m) A5 47 1) (1)
ik S A B R AR AT H AR AU O 248 A, AHEE T
HRRP, ISARAZ BEME 58 0 iy B HE S e B A% 197
RE RSP R . & TISARAZ AT LLHE B2 [X 35 1H
AL BRI TRARSHDL S AR 5 B AR .
SCHR[36)FI T /R-RWUHE L B IA & BAE 3R 18 T
W AR SERT (R24EISARMR, 3R] T B bR
BEENRHE; SCER[37,38] MR ¥E #iE H ARISARZ 7 41
FEHCT BARM JUTHREAE ;s SCHR[13) R R HISAR
B 2 R v E Al T T R
PABAT NI A SE(E B
3.3 ETHREWRBNFFETRE

Tl B bR B TR g 2 O U O [ 3 2
n, RINBEAMERE, Bk, Al LR A B A
IFES T S G S, R E S ERHE. &
4 )& KN (Compressed Sensing, CS)HE1 % T15 51
MR BT R4, )R /5 1) 50 sk v] DLSE IR
JR IR 5 M s R A A Y, BT OS2 %
BVRHER USRI AR A Rz —, HIL T
T Smoothed LO (SLO). i D12~ 2] (Sparse
Bayesian Learning, SBL)%5H %M — R Y15z 24
7700 SCHR[41,42) 55 B H T CSIBE & i
B4y 4 (CS Joint Time-Frequency, CSJTF)
FEE T #HF 2 4E S (Projections Onto Convex
Sets, POCS) ML 75i%, SRR T HdiRmE. £
XA 24 I 5505 A, FF TR UM 2 5§ ks
fIEo SCHR[43)RHAE RIS L 77, $E
T AT SBLE T H s S5k vk 5 B 0% . FIH
BN B AR R A 5 78 PR B - 1 B[R] 380 2L A W i M (1)
B, SCHR[44) I ETISAR S UG I o 7 i, 32
H T 5 EUE IEAC L ACE BR (Orthogonal Matching
Pursuit, OMP) B S8 fbivh 7%, ERRER
PERAT T B A T RROR

P SE BREAT I 22 3% W15 5 AL BRIN 285 22 T W
IS 5] A BR AR B804k A it 1 1 @, R C'S 55 i i
HITTEAMARE PRI AL, 1] DR & FVAAE
TCRAE R N IRHESR B BE . ok, Afush sl
FEC 1) d5e K 22 38 B R DR T B 38 ik B B2 AU (Pulse
Repetition Frequency, PRF)FIM A8, H AR
B9 SENEIRS, BT CSHIRERETE SR
peke s C s s SR N R X e R E R G EIN B T
RS G OL T AR SEUUE 5 1 R EFRAE, MAE
BRI BN RFAIE o

3.4 SUERIBNFHELREL

TEREERIL RN, HIEEK MM E & B RE
SRl A ARt iz sh R EAELOSTT A L% 5
EkE, Bt Ek R BRI R B AR sh H e
LOSTT i) ERJRFAE. 1T AR &SR K B 41t
FEAF R EIEA T, HE H Rk 2002
HEF, MTEENE B AR R R . & ZE ok H
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HE SR 3LEANE B
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BRI 3YEE BN RAIE o
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4 WEhBERE
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4.1 RiEBFR&

Wil B ArfEiz i fE b B Ar % s AR RS
NI AR AL B IR L AR FF AR . AR 3
18 B H AR A (AR H bR, R H AR
B ROk e T IX R H AR, AT RLEE A A H x
b R U 2 R AR AR A AN [ SR S AR R
KA NS . SCHR[49]38 H —Fh . PE B 2 5 )
T H % (Single Range Doppler Interferometry,
SRDI), i 7 AT b X BAS PR B8 50 14 (3] 35 50
P BEAT i LB 73 SRR B H AR 24 IR . 7E B FE T
F, SCHR[50,51] 43 il H H = T AH AL UL T8 3 (Single
Range Match Filter, SRMF)FIAH T %5y 2 X 8 1
#(Coherent Single Range Doppler Interferometry,
CSRDI) )73 A iy H bR R 5% . STk [52] 3 th—
ot 5 T I A0 B HE B AT L RadonE #: (Time-
Frequency Rearrangement and Generalized Radon
Transform, TFR-GRT) K+ Bt H br 78 77 5 15 R
SE, FRRABETL 1 & T80 BB o B H AR E A
FAR FRAR P, AT A P S I T o B H R K e
2R S

FEE M ERIE T, AR REAR B AR T
B LS RAEAED I, HEXHALS
ISARFUE H I FF T 4b Bl 2% 5 3007 AL 1) 2R £E A
Ao, BT EIERGHE SRk EE SRR, 4
B H A A st A 45 2 RSGAS I 75 P 47 I 8] P [ g
it d, SEEGMISARBGHE L, WS-
% #))(Range-Doppler, RD)%5i2: J R B5-W i 2%
#)(Range-Instantaneous Doppler, RID) &% &
ANFRAR, FEMELARAR . TR H AR R I [
it s 5, AT LS B Eh B AR BR . SCHR
[54) ) F 338 H AR 10 B 51 &2 Y H AR AR B A 4G
PR, $RH T — T ILACIE B (Matching
Pursuit, MP)# 5 5 ## K17 230 B AR ISARAG
% R T BT R REAE BERIAS E It . SCHR[55] 22
SLY B RS HARMILEM & A B, 0T
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