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Narrow-band imaging method for compound micro-motion space target

Hou Yanfei
(Luliang University, Lvliang 033000, China)

Abstract: A narrow-band imaging method for space target with compound micro-motion is proposed. Due to the advantages of narrow-
band radar in target detection and tracking, narrow-band radar is widely used in space target detection. For space target with micro-
motion, there is time-varying Doppler modulation induced by micro-motion, which contains the important structural information of the
target. By applying the inverse Radon transform (IRT) method on the time-frequency image, the position of scattering centers of the
target can be obtained and the narrow-band imaging can be achieved. Narrow-band imaging reduces the requirement of radar bandwidth
and has advantages in space target detection. However, in the real detection scene, the target motion is composed of micro-motion and
translation, which makes the narrow-band imaging method invalid. In this paper, based on the radar echo model of space target with
compound micro-motion, the time-varying Doppler modulation characteristics of the target are analyzed, and a narrow-band imaging
method for compound micro-motion is proposed. Firstly, the micro-motion period is estimated based on the time-frequency correlation
coefficient. Then the translational influence is removed by the Doppler cancellation method, the target translational parameters are
estimated, and then the translational compensation is achieved. Finally, the narrow-band imaging is achieved based on the IRT. The
proposed method is not affected by the target translation, and can effectively achieve the narrow-band imaging for space target with
compound micro-motion.
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Fig. 1 The radar geometry of the cone target
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Fig. 2 The process flow of narrow-band imaging for compound micro-motion targets

3 LWESH

KA ] HARSER 5T MATLAB Xt 42 & #sh B Ar
Wl AT EORAL 3 BRIR I 10 GHz, Jik vh 25 &2 0
HH 1024 Hzy HARMEER 2 m, HEIKEEN 0.2 m,
A A9 [ 38 AT FH T30 TR PG 3508 320 5% 1) P A S0 s A 7 A3
B ETAEAS R A bR R WA B 4351 (0,0,1.6) m,
(0.2,0,-0.4) m, XF W Y R EE 43008 1.,0.8, H¥r
Wb F i S-SR A is shad fE b HE SRR 2.5 He,
BB R 107, TR IS AT YA AR R 550 B Ak Y
{EME LN SNR = 10 dB,  HARIIFE3h N .

r(1) =121+ 1.5 (23)

&l 3 i 2 A Mshas 7 AR 2 g as 4,
3(a) I HERE SR, 7T LA H BERA 2 o, eX]
IR 2235 3 oAy B B IE5X 2R, [ 3 (b) SIS 43
A7 O AH DG ZR B0, B0 AH G 72 B00RT $ B A5 43 A 1] 1) 47 B4
FEIE | VAR A ST 24 fE] B R 0. 200 2 s, 5 H AR 117 8 15
— 5 (WAL R B A 2 S O T AR B X AR 30, ]
15 EARRYTE N 0. 400 4 s, MR 2Z K 0. 1%,

& 3(¢) T I o0 A5 T $E BRI 22385 S A3 e, 11
FHEEFTFIIARE 3(d) . 28 PRI E 22 )75
TE 84.4 Hz I F i 8h, 4 b I A% 31 B #5573l Jin 8 5 ok
3.16 m/s”, S E(EIEA—3, 7EMEAE B — A5 H
FREGF-Bh i A -3.35 m/s, SEIEESA 15 m/s iR

2 e T2 W WA - A 2 B BN R S
2 HARAE &

HME ST I B BRI A W 1ET 3 (e) BT, AT B4
Ja , AR B3 A HEAR TCRE I, B0 5 4 v (19 1
SN ER I TR 30 24 AR 4 I 0 B RS M2 B IR AR
IR AR AR 2 B, AT A H AR 9784 R, an i 3
(O PR, HARE IRT BEA 2 D RF A BN EL
PG b T B 3 S ke 1 H BRI 454

P 4 Ji s g A5 Geak BT VR B A AR S5 R, B B %
TESRIR A L AT 2 B . MK 4 W% H H AR
HUR 0 JGE A 2R R AR, MR EONIR AL, Joik Sk H
PREGESH

X ARG A SA SO %, TR TR 4618 :1) B
B slpR LRI A P b ] AR 400, (A% G 2% i AR
D7 R AR5 2) AR SCHT BRI A Al LSO YR RE RS S BRI A2
A idshzs 18] HAR A4 AR, 19 B I B AR

4 % it

B S G sl 25 18] H AR, AR SCH H 2R T IR ¢ &
B 22 W AR A 22 F PP 91 R0 249 ELZAR 486 ) 7 217 JAR
Tk RS 2R HAR-F- sy se i, Se I & s &4 T H
PREGAAT AR . R I BB G 2 0T S B S A5 4F T 1Y
B AT, 2 A 5 e {2 (P 51 A 1A
FREGF-Bh 25, o) XA B2 i 68 B 338 A P kA 396 249 L



%34 — RS A fEh A 8] B AR U T 2 - 229 -
10
< 0.9
T
g o
5 08}
% =
s
0.7}
0.2 0.4 0.6 0.8 1 0'6—1 -0.5 0 0.5 1
Time/s i 4E /s
(a) BRIGI AR (b) I STEAH R A%
(a) The original TFD (b) The correlation coefficients of the TF image
200 400
« 100 =
2 @ 300
g ’ E 200
M 100 &
K 3
= =3 100 P
o -200 2
® 300 % 0
—400 -100
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6
B J8)/s B 18]/
() ZHBIF e (H (d) B BMRIEH ZE
(¢) The Doppler frequency maximals (d) Difference sequence of the Doppler frequency maximals
500
—-0.05
T
% E
g§ 0 & 0
g ks
=
0.05
=500
0.2 0.4 0.6 0.8 1 -0.05 0 0.05
Time/s Azimuth/m
(e) #M:2 5 HIRSS543 A (f) IRT E&
(e) The TFD after compensation (f) The IRT image
Bl 3 HEAWME BinEd g g R
Fig.3 The narrow-band imaging result of the compound micro-motion target
-0.08 A ARAT R RE AL S W bR 45 40 RO TE KSR, Se iR TR S
~0.06 UG I AR S AT 25 T R B
04 S 3% 30k
M (1] %k RERm TERY, & S TZ 0 11 JsuR Mem
5 o0 ISAR L1407 ¥ [ 0], R 56 T8 55 o F A, 2020,
= 0.02 42(2) :315-321.
0.04 XU CH, ZHU D Q, WANG L, et al. ISAR imaging
0.06 using null space 11 norm minimization [ J]. Systems
008 Engineering and Electronics, 2020,42(2) :315-321.

-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
Azimuth/m

K4 ALG07 A R AR
Fig.4 The narrow-band imaging result

of the traditional method

(2]

ThRU , g, B SCHe, A5, 25 [H) B AR 2 0 ISAR
et SRk e AR I L LT]. BT 51 B A, 2017,
39(12) .2834-2843.

MAJ T, GAO M G, HU W H, et al. Optimum
distribution of multiple location ISAR and multi-angles

fusion imaging for space target [ J]. Journal of



-230 - LRSSV T e o %35 %
Electronics & Information Technology, 2017,39 (12) . e HAr 2w Sk & [1]. 15 5 4 B, 2010,
2834-2843. 26(5) :648-653.

(3] XUET, W], RhRT, 4% ST ik 2 0B i DING X F, YAO H W, FAN M M, et al. Narrowband
MEEREMESKEMT]. 1’)‘(%%1’)‘(%%%%&, 2018, imaging for spatial rotating targets based on tomography
39(12) . 171-178. algorithm [ J]. Signal Processing, 2010, 26 (5):
LIU ZHY, CHEN HM, LU W, et al. Radar vital signal 648-653.
detection based on improved complete ensemble empirical [11] B, W SoR. B TFAETEE RN KYLER S5
mode decomposition with adaptive noise [ J]. Chinese A3 TT. AR H 55471, 2017,40( 4) :66-70, 83.
Journal of Scientific Instrument, 2018, 39 (12):. ZHAO X Y, CAO W J. Parameter estimation of aircraft
171-178. rotor based on narrow-band radar echo [ J]. Shipboard

[ 4] whsh, #22, XNEMH, 5. T A28 R4 R Electronic Countermeasure, 2017,40(4) :66-70,83.
Htrtsh E X2k [1]. RETRES®H FH K, [12] LEIP, WANGJ, GUO P, et al. Automatic classification
2013, 35(4); 684-691. of radar targets with micro-motions using entropy
HAN X, DU L, LIU H W, et al. Classification of micro- segmentation and time-frequency features [ J]. AEU-
motion form of space cone-shaped object based on time- International Journal of Electronics and Communications,
frequency distribution [ J]. Systems Engineering and 2011, 65(10) :806-813.

Electronics, 2013, 35(4) . 684-691. [13] YU W, WANG J. Phase adjustment for extraction of

[ 5] TEKELI B, GURBUZ S Z, YUKSEL M, et al. Classification micro-motion information of ballistic targets [ C]. 5th
of human micro-doppler in a radar network [ C]. IEEE International Congress on Image and Signal Processing
Radar Conference (RADAR) , 2013. (CISP), 2012:1837-1840.

[ 6] #kk, skBE, %5, 4. s sl s R4 4 0 [14] ZHANG W P, FU Y W, NIE L, et al. Parameter
5S8R 1)]. WERFRHE R FE22 4, 2015, estimation of micro-motion targets for high-range-
42(5) :200-206. resolution radar using highorder difference sequence [ J].
YANG Q, ZHANG Q, WU Y, et al. Micro-motion IET Signal Processing, 2018, 12(1) ;1-11.
feature analysis and parameter estimation methods for [15] ZHANG W P, LI K L, JIANG W D. Micro-motion
moving ship[ J]. Journal of Xidian University ( Natural frequency estimation of radar targets with complicated
Science) , 2015, 42(5) . 200-206. translations [ J]. Elsevier AEU-International Journal of

[ 7] B, Xk REE,S. ETHEBEMEEFRTN Electronics and Communications, 2015, 69 ( 6):
SRIE ) A AR B R AR IR [ T]. 7241, 2012, 903-914.

40(3) :422-428. [16] M#e, ks, —MBGHNE Gz sh= 8 BArigs) 4
HE F, LIU CH L, ZHU G F, et al. Micro-motion MG e (1], 7O & 508 2 ), 2020,
signature extraction of targets with complex motions based 34(2) .60-66.

on summation and difference sequence of ranges [ J]. ZHAO Y, LONG G L. Improved micro-motion period estimation
Acta Electronica Sinica, 2012, 40(3) ;422-428. method for space targets with compound motion [J]. Journal of

[ 8] ZHANG W P, LI K L, JIANG W D. Parameter Electronic Measurement and Instrumentation, 2020,
estimation of radar targets with macro-motion and 34(2) :60-66.
micro-motion based on circular correlation [17] #% & ATIER. MSE R R E SRS RNH [T].
coefficients[ J . IEEE Signal Processing Letters, 2015, LR, 2016, 29(8) ; 58-60.

22(5) :633-637. YANG H F, HE ZH R. Time-frequency analysis in radar [J].

[ 9] farkhE, SR, Ehér, &, T4 5 E6 0 i R Signal Recognition Electronic Science and Technology,
L:R77ES1 47 e R o A N T B R e = 2016, 29(8) : 58-60.

2017,31(4) ; 588-595. (18] Ffbi, RAHH4L, SATETE, 45, BT ol ad A 4 A 7 i

[10]

HE W K, GUO SH SH, WANG X L, et al.

motion features extraction of wind farm echoes based on

Micro-

singular value decomposition [ J]. Journal of Electronic
Measurement and Instrumentation, 2017, 31 (4).

588-595.
T W AR, SR R TR BOR R s

B IA MR 5 B A A R A T[T ],
28(2) :257-263.
BAI H, ZHAO Y J, HU D X, et al.

frequency estimation for radar signals based on improved

=5 AbH 2012,

Instantaneous

time-frequency distribution [ J ]. Signal Processing,

2012,28(2) :257-263.



55 3 1]

— P sl as ] AR ST - 231 -

[19]

[20]

B, AW, SILIL. 5T S-Method 430 1 i 238
EREAE AT (D] R IEERIR , 2017,40(1) :76-80.
WEI X, YUAN W M, GUO R J. Analysis of micro-
Doppler features based on S-Method [ J]. Electronic
Measurement Technology, 2017,40(1) :76-80.

XU, BRBUH., RoUA, AR KRG IBL T 3T EMD
BN ATRRIEASIN )], {5 Ab 2R, 2013, 29(12) :
1650-1659.

LIUT X, XUZ W, WU Y J, et al. Human life feature
detection based on EMD method in THz band []].
Signal Processing, 2013, 29(12) :1650-1659.

EE &I

&, 2006 4F T 7 & Rk &
07, 2010 AF T AL BUE BRHE K 2 4R AT A
e, B B R e B 2, TS5 6]
R R AR,

E-mail ;

Hou Yanfei received her B. Sc. degree
from Qingdao University in 2006, M. Sc. degree from Beijing
Information Science & Technology University in 2010. Now she is
an assistant lecturer at Lvliang University. Her main research

interests include mechatronics and self-powered.



