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Abstract In view of the time-frequency representation (TFR) reconstruction of the micro-motion signals under
conditions of incomplete data, a reconstruction method of micro-motion is proposed based on the adaptive parame-
ter estimation, Firstly, the missing micro-motion TFR reconstruction problem is modeled on the L, norm minimi-
zation sparse reconstruction problem, and by introducing Hadamard product parameter (HPP), the L, norm min-
imization sparse reconstruction problem is transferred to a joint minimization problem with multiple L, norm, and
solved by using iterative Tikhonov regularization. Simultaneously, the regularization parameter is estimated adap-
tively in each iteration based on reconstruction results. Finally, the amplitude decay of the reconstructed TFR is

reduced by the de-biasing process. Compared with the traditional micro-motion echo time-frequency representation
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reconstruction method, the proposed method avoids the disadvantage of setting the regularization parameter manu-

ally, and the reconstructed TFR is more complete. The effectiveness and robustness of the proposed method is

verified by simulation and measured data processing.
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Tab.1 Algorithm framework of adaptive micro-motion TFR

reconstruction
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Tab. 2  TFR reconstruction by adaptive Hadamard product

parametrization

WA AR ZE € >0, B =0,
i L BB R AE f

L Wllifba = YATY.AO = ¢ || A"Y ||
2. Repeat
3. fori =1:k do
4 b” = (ay’ o o0a’) /ay’
5 G, =0A-(EXHB"’>"
. P —1 N a®

6. o =(6le, + 5 1) (Giveae )
e MG s |
. - H Gt D) Hz

a, a, 2
8. end for
9. POt = a0 o,

10, Until | /90 — @ 2/ 79 2 < ¢
11. Update r by r, = (F'F)'F'Y

12 f(t+l) — r(/\r+\) +jr;;+“

13. FRHCEE 4 1 i A R AL f

3 XWERESH

AR 2R FH A7 R0 S 0 0408 36 ik i 2 7 1 A Pk e
FIA 15 BN S2 50 7E B B M Intel Core i5-9300H @
2.40 GHz CPU By A~ A\ H fisi fff F§ MATLAB 2019
SEER
3.1 FERIE

ARUE STFT 7 SRR 4 A8 A Pk g, i sl 20 K
m, R L, e A 53, ik iR 2%,
WX R 25 £<20. 01, FEF REM LR EUE K S5
CWHEN 0.1~0.001, J& 28 £ x5 b i 1 5 i 12 1L
(iterative hard-thresholding, THT)"" %4 | % 1 U 45
I (83 (ISTAO ™ 5885 [ 6 77 (ADMMD ' Y
TENALZH X E Hy 0. 1~0. 01, ADMM B3E I IEST 2
M 0. 1,

30101 AR HAR B A

T X [ R BRVR H AR [ 3 A5 S AT B4
Mr B UE TR Tk i AT AT . W EH AR 3 D SRECS
w L o — AT H AR LAY 2 AT sh O
PR o A 1520 A% JE T [0 30 00 % o (58 3 0 % WIS 0 1 [l

P RLE AL IE S S . R BN 0.3 m, 12
FHEE |/ IHIE S — 2 m/s”, BOAR K
1 Hz,

TR H AR [0 A5 5 AR R AR L 45 R &1 1 B
e B 1) S B B AT i 2 ) R AR A B R AL
Bt BEPLER R 35 Y0 REAS , B il G A7 Gn 1A 1(h)
AN R 1 P S EER 175 o 1 B/ 7 = N T DA = =7 NN
BATR H AR 2 91 9% 15 5 B9 B A5 R AE Q0 7 1 (o) fifm
Al UL IR R KR B B AR B T — e TR
Fhig . THT . ISTA . ADMM Fil it #8277 1 8 4 1 B 43
ARSI E 1D ~ 8 1(g) frn, it A a] LA
Bt A Ll vk, THT 53 8 4 1 1 30 4 1F 7
BHBER FIE AR 2, 5 THT &4, ISTA & 3
1 ADMM 832 BT 45 3] 1 I 35045 A0 AR X 38 4 L {H 2
HHMBAES MRS AR LR 206 A EE W B
BEBL e, Hesh, 5 ISTA Bk  ADMM B M,
JIT 5 T AT DL ER S R R 7 B B A SR AE

100
50
0

-50

-100

00 02 0.4 06 0.8 1.0

Wiz

0 50 100 150 200 250

i i) /s i B R AE AT

() BRAEAS 5 I BRAE (b) BRIAHA

100 100
N 50 N 50
4*\+ 0 :+ 0
= =50 = 50
-100 -100
0.0 02 04 0.6 0.8 1.0 0.0 02 04 0.6 08 1.0
B Hl/s A /s
(o) WA 5 I A3 KA () THT
100 100
N 50 N 50
Qr 0 :+ 0
= =50 = 50
-100 -100
0.0 02 04 0.6 0.8 1.0 0.0 02 04 0.6 08 1.0
B Hl/s A /s
(e) ISTA (H ADMM
100
ﬁ 50
¥ 00
5 -50
-100
0.0 02 04 0.6 08 1.0
Aifa]/s
(g) ARICTy ik
B 1 R TR] 5 2 AR 0 B VR B A R1 3 (5 5 i A0 R AE 45

Fig. 1 Reconstructed TFR of the echoes for tumbling target
by different methods
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precession target by different methods
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