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Micro-motion Parameter Estimation in Non-Gaussian Noise via
Mutual Correntropy

Xiong Dingding Cui Guolong Kong Lingjiang Yang Xiaobo

(School of Electronics Engineering, University of Electronic Science and Technology, Chengdu 611731, China)

Abstract: This study considered parameter estimations for micro-motion targets embedded in non-Gaussian
noise with a Single Input Multiple Output (SIMO) radar. A novel estimation algorithm based on mutual
correntropy was presented and used to derive the micro-perturbation parameters by exploiting the second and
higher-order knowledge of the return signals among multiple channels. Compared with a conventional Fourier
Transform (FT) method, the method proposed herein had a much higher Signal to Noise Ratio (SNR) gain. In
addition, the location was derived by employing the Phase-Comparison Monopulse (PCM) technique. Finally,

several numerical results were provided and discussed.
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Fig. 3 The flowchart of the mutual correntropy algorithm



304

B

4 ZBEEREN

Bkt A 5 ¥ (Phase-Comparison
Monopulse, PCM) A&l i H 55 P R 26 B2 UM 5 1 4R
P Bk e B As A B R A B IATE AN
A& il (7 L AR A ) 7 1) SR T & b 2 AN ISR
4, WE4PTR.

ARG A 2 5 090, FHAT R 2R IR AR AL 22 3%
VAL

6= (- R)=Tdsmp (23

b, N HARFTET, Ry, Ry 9109 HARSIAEAY
TR RS, dNBRE R OMIEAEd < R, A
WREHE B, WRe=0, WEAREEME, ©
IR, T LA AT 220 SR 2 B RR K7 Tl o
K (13) 0, T AR G I J5 K 3% 5 1
Ayhh<§%,ﬂuﬁ&ﬁﬂﬁﬁ¢ﬁﬁﬁ§,
Bl AR HE B AL AL — B R, ks AR
[, BB AR AL R — B, AR
REZoMHE. AT bR R, 4

J= [Jo (“AB (fo+ ut)> T <4WAH (fo+ ut)>

Cc Cc

+J; (4W;4B (fo+ Mt)> Jo <4W;4H (fo+ ,ut)>
4TYAB

.eiWBeiQW.fB(t+7LD+JO < (f() + ,Ut)>

4 A o
J1< TAH (f0+ut)> e]¢ﬂe]2ﬂfﬂ(t+n7)

c
4mA 4mA
+J1< CB(foJth)) J1< CH(fo-HLt))
. ej(WB'HPH)ej2“<t+71',1)<fB+fH):| (24)

VU 555 J) ) A 5 6 I P 565 4 TE Y ZE A 1R T R
VAR

~ 1 . 4’[(7‘7;
Yin(t)= B JK A exp (J S (fo+ ,ut)> +2z(t)

1
=5 JK A% exp (2 fut 4+ @p) +2 (1) (25)

2r; 47, . .
Hr, fb,ZfM;wh: szoo B, ZHUE S

LU RSG5 . KPR, ZIE508:

¢ = arctan (tan(¢(wg) — ¥Pa(wp))) = arctan <

ok 65
4 PCMilll fi7n 5 &
Fig. 4 The schematic of PCM algorithm
- 1 .
yi,n(l): 5 JK?A% exp (JQ’bezlﬂ + Sobi) +z (t) (26)

Hop, fRESEIL o NE S, TR
G (T=1/f), LNRFESE(T=TL). X
U;n(1) FEATDF TSR B Z40(E SH0E, Rom .
1 “ 21
Zn(w) =5 JK A Zejzwf%mJF%efjf wl
=0
1— ej(2ﬂfbil7;72w‘n)

| G TG L))

ej(%"bﬁ’(l*%)(fblT*w)T) Sin(ﬂfbiTsL - WTY)
sn(rfy T — (/L) w)
(27)

H130(27) AT A Y (w) AR B2 B K1 2 o

Wo = [szT] ° -[H:HTJ‘ ffi.n(w) E(J*H’ij‘j’

() = vlun) = en-+ (1= 1) GuT w0 (29

TR AR R ISOR 2 i 5 2 SR 26 kI 2015 5 4y
NG (D) 5D o 7330 HDF T2 #e 7l 45 2
Voo (0) 5 Y, (). AWRLNEd < R,
fo.T) = [fo,T]e FTUAPIREEBUS TG Z ¢ A:
¢ = i(wo) — Yr(wo) = @, — ¥y, (29)

HAr, i(w) = arctan (M) , Vp(wo) =

Re(V,n(wo))

arctan M ,
Re(%,n(w()))

—el¥

tan (11 (wo)) — tan(ya(wy)) )
1+ tan(t1(wo)) tan(ea(wo))

(Im(
= arctan

==

m

(w0) @ Re(%,,(wn)) —Tm( % ,(wo)) o Re( {mwo))) (30)
Im( ¥ (o)) @ Im( ¥ 1 (w0)) + Re( ¥ () © Re( Y2, (o))



%533 BETT A

ST BRI AR R 5N Eh 2 2 v Uik 305

MRHE(23), AT EFRHITT AL -

. X))
© = asin <ﬂ) (31)
ZEA MRS BARIEEE R, AT LS IR
N EARHESL, HARPRTHEA X A:
{ T = Rsingp

y= Rcosp (32)

5 {HERERDH

N T 56 IE ELAH SR S B e A SRR A R
TATRH LKA R &R, IF LUK S R E AR A
JE i, X R A AN B bR T S 80 TR E A
sl B bw LAOSUR 7 RS, SRENHE 5 A
ARty FRBNEE Y I AR Ay, SEED B FRALAR N
(0, 6) m, EAASHUWRIFIR,

FEARCH, N T IR BRI Sk A Rk
AP v i 75 R FH AT RS AT 0 3. AT R A
{14 R 2.2 52 bR g 001

=g (@) @] e

Hrfr, 220, P>0, @>0, H P54 /KE 7S 5547 i)
AR T, QRREER o i /R4 i 1 8
e FTT ZE 08, 53 ) 9

poe = Blz] = QU [1+ P7] (34)

ol =F [(m — MW)Q}

—e{rfie gl @

Horr, DAY, 7 %oz BT A0 K e A 1
e 7 Tl S
JE XAAE B L (input SNR) -

R1HESH

Tab. 1 Simulation parameters

24 WIS % ZH{E
BB S, 1 GHz
G5B 500 M
RGESH GERET 3.31 ms
LEMJE %N 512
BREo 0.2
HER 6 m
PRENIAZ ) 4 Hz
_— PRENIE f, 8 Hz
N PRENMEEA, 4 mm
PRENMEE A, 4 mm
KR (2, y) (0,6) m
{5 MELLSNR,, ~10 dB
Y5 5 24 gk 7 287 FiA /R
T RIBIRE T P 2
SNRji, = 10log (‘A§|> (36)
G\V

TR 7 P NS e EESNR, 5 € I, H
TRIMESHIRE AR, R4S LIRS b,
FHES, BRI TSR R AR RER T Q, A
A AT /R o 7 TR FH 5 A 2R e 2
1R,

P52 A% Ge A B o3 AT 1 sl B bR S 8 T 2
R. El5(a)2 HIrMESE, BPEYERESN
6.024 m, HSEPrHARERAHZEA K. El5(b)Z&H
Pri24E iy, M H AT LA H H AR sl S,
B2 HARI RS st FIRB R 2, b
2R, KR 7 S8 THERE .

5] 5 AR gEfl B e R

Fig. 5 Conventional Fourier analysis results



306 Hod

¥k

65

N TR BB b, Elesa i 73T H
MBS TSR HTas R . E6(a)2 B ARG
HroTiERES AT BARRR, B AR S Hcn & thbr g,
PR RS HAHEA KR, M ARG B34 2
R, BB RBERCR T, KB (I RELE 5 4
R, RS EAKIHAAAE. E6(b) 2R E)E I H
g, MBS R ERR S A, R Rk
B .

BI745 T AR S SR R S X B B
2R o BT (a) 2 HAH S 3 A VARl R H ARk
%, BB mE TRy, 5%k AR EMEAR
K, MBS FE6HT ZHL AR AR, BT (a)
EZ TP B bR EI7(b) e BAH SR R
FIaRRBERCAR, FARMEG R, BT LUE
B RO T VR FEAGIE R, 2t T IEECR,
FTH T SHAsTHERE, PR TSR R

N TR AR T T LM SO SRR A AL
P, BATTE A [R5 3% A5 I X L ) i s £ e e

(output SNR) M B A R BIE ) G 1 Re . T
TrEA: B TRATE AR RS B A BT T R 1
W EL 2 AT SR 1540 HE DO 2R Py, ARG I2 H bR AE
A7 B AL ER 3 WEAE 2 A Py, 55 75 3 A% i 1 e
FEINE Py, R
Px=Ps— Pr (37)
(Rl B M o BLE SOl

P,
SNR gy = 10log (PTi) (38)

P Q2 A e U 15 35t 1 AN [R] D7 3 68 L ) N\ i 4
fEMREES R WEIT AT LLE Y, T EAR SO %
{10 L R P i A SRS SRR A Gl L 5
TR ERE . R, PUBCR G AT S RO AE e b
ek, TTEVEH, FORRG T LEE— D5t H AR
JRAGTERE -

B9/ 3 B AR e fr g A, W R ARR B AR
SLERALE, AEFRA(0, 6) m, ZLRURRINE H AR

K 6 ARSI sl R

Fig. 6 The auto-correntropy processing results

B 7 EAR RS 7 s

Fig. 7 The mutual correntropy processing results



%533 BETT A

B+ B A

YR N s S8E T Tk 307

PLE, AFRHN(0.05, 6.02) m, ATLAEH, EMHK
(AL FR IR ZEAEH /N, UEBH T 8 A S 1A R
6 %5t

ASCWEIE T AR R 5 R B AR S Hpil i
AE bR EN R O 743 B ARG THERE, A
SCRI B Z W RIS R GE, $R T 2T ARG
FAb T SEAG T B AR RER S 2. SRR, B
FARFER LR T AL Gefd 04 759 T BN 5
T, AE— R LI T B AR o BT i SEN
MRS TP AR AR = s 5T D
H bR SEEL 2 s S8t i, AR 4 e TR K BB s R AN
AR LL RN, ARG S8 E kL. 1
HEARAEY T 20T A Rk . AR, 8 28
T8 [PIAR5 LA Bk b e R AR ER, ASSCSEEL 1 X
2 H AR RHER E AL, (T HERAER] 11458

& E x|

[1]  Tahmoush Dave. Review of micro-Doppler signatures[J].
IET Radar, Sonar & Navigation, 2015, 9(9): 1140-1146.

2] Li Yan-bing, Du Lan, and Liu Hong-wei. Hierarchical
classification of moving vehicles based on empirical mode
decomposition of micro-Doppler signatures[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2013,
51(5): 3001-3013.

[3] Chen V C. The Micro-Doppler Effect in Radar[M]. London:
Artech House, 2001: 157-159.

[4]  Chen V C, Li Fa-yin, Ho Shen-shyang, et al.. Micro-Doppler
effect in radar: Phenomenon, model, and simulation
study[J]. IEEE Transactions on Aerospace and Electronic
Systems, 2006, 42(1): 2-21.

(5] WIRE, B, MH, SE. PR AT RN R AN A I B R AU
SR ). ISR, 2016, 5(5): 455-461.

Hu Cheng, Liao Xin, Xiang Yin, et al.. Novel analytic

method for determining micro-Doppler measurement
sensitivity in life-detection radar[J]. Journal of Radars,
2016, 5(5): 455-461.

Zhang Wen-peng, Li Kang-le, and Jiang Wei-dong.
Parameter estimation of radar targets with macro-motion
and micro-motion based on circular correlation
coefficients[J]. IEEE Signal Processing Letters, 2015, 22(5):
633-637.

Liu Jin, Ai Xiao-feng, Zhao Feng, et al.. Motion estimation
of micro-motion targets with translational motion[C]. IET
International Radar Conference, Hangzhou, China, 2015:
1-5.

Jia Yong, Kong Ling-jiang, Yang Xiao-bo, et al.. A novel
method for detection of micro-motion target in image
domain[C]. 2011 IEEE Radar Conference, Chengdu, China,
2011: 99-102.

Kong Ling-jiang and Principe Jose C. Life detection based
on correntropy spectral density[C]. 2010 IEEE International
Conference on Signal Processing, Beijing, China, 2011:
168-171.

Mahafza B, Elsherbeni A, RE &, T, 2R, 2. FHik
ZGWITMATLABY B [M]. 2B1AR, Jbal: BF Tk H AR A,
2009: 297-299.

Mahafza B, Elsherbeni A, Zhu Guo-fu, Huang Xiao-tao, Li
Xiang-yang, et al.. MATLAB Simulations for Radar
Systems Design[M]. First edition, Beijing: Publishing House
of Electronics Industry, 2009: 297-299.

Liu Wei-feng, Pokharel P P, and Principe Jose C.
Correntropy: Properties and applications in non-Gaussian
signal precessing[J]. IEEE Transactions on Signal
Processing, 2007, 55(11): 5286-5298.

Santamaria I, Pokharel P P, and Principe Jose C.
Generalized correlation function: Definition, properties, and

application to blind equalization[J]. IEEE Transactions on



308

i S

(13]

(14]

Signal Processing, 2006, 54(6): 2187-2197.

Yamaguchi K, Saito M, Akiyama T, et al.. A 24 GHz band
FM-CW radar system for detecting closed multiple targets
with small displacement[C]. 2015 International Conference
on Ubiquitous and Future Networks, Sapporo, Japan, 2015:
268-273.

Narumi K and Takayama J. Material discrimination and
propagation time estimation for buried object based on
cross correlation processing using microwave radar[C].
Annual Conference of the Society of Instrument and Control

Engineers of Japan (SICE), Tsukuba, Japan, 2016:
& & N
AETT(1993-), L, PN, HTRHL
REFWULAT AL, B 507 9 30 B Ax
KA T34 ik e AL AR 4 .
E-mail: 862815090@Qqq.com

HEE(1982-), 5, ZRAN, BFRH
KER A, L4 S0, (FiF
WY Mz, WEFTT A ARG A
e e = F Y a1 BN I 7 2 = 2 E AN
AR PGS

(15]

[16]

1287-1292.

Molchanov Pavlo, Gupta Shalini, Kim Kihwan, et al..
Short-range FMCW monopulse radar for hand-gesture
sensing[C]. 2015 IEEE Radar Conference, Arlington, VA,
USA, 2015: 1491-1496.

ZHe, JLAUE, MR, BT SIRPVE M I+ 4 /R o0 A Tk
FW AT R[T]. FBEFSER, 2011, 9(3): 253-258.

Li Qing-hua, Kong Ling-jiang, and Yang Xiao-bo.
Simulation of correlated Weibull distribution radar clutter
based on SIRP method[J]. Radar Science and Technology,
2011, 9(3): 253-258.

A7), B, WA, RTF
KEHIR, WAL S, K.
ST RS SRR 8 F AR
BIBRBRHA . HEUARNEAR,
HEROL TS HA S

Pbedk (1964-), 55, WWHIA, HEFRHEH
KEHS, MELETIW. R HNE
BEEEAR, FEAMREREAR, &
ey NCIE 7B N



