ERVE R
2022 4F 12 J

/IS B A NI S
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 44 No. 6
Dec. 2022

doi:10. 11887/j. cn. 202206007

yE DS

http://journal. nudt. edu. cn

ERRMMIRKBEREEEILMENEE

#eNER? AR, E RS, EE G, kER

(L. BBAE KT AREFFR, #id Ky 410073; 2. BEBAHEKRF & FHFFE, #a K 410073)

OB/ ARSI 5 S AN [ AL, 4 ) — R T IR DB A R B A R LA I % , K
5 R TR R AL S AR A I A8 TR Do K 5k — RS 19 A S P 0 T A O — 4635 ) 2% T AL
TECFERE b, A — A REA B ) 08 30 B R AT ST T B 0, 25 bR — 0 Ak B e, $2 T H AR 15 2 5 1)
X I o T T B AR SO o IO R e 4 LA 24 (L, 0 ok B B AR R 0 AR A Bl A e 5 Loy 3 (R e 22 )
R B R I T BR A RN ASE B S A6 o SE3R 2 SRR, 5 B Il W VE B B8 AR BE , AR SO IETE /M AR AR

Kot A WL i PERE I

RSRAA) AR S U B RO s s 15 5 Rl

FE %S TNI11.23 XHERtRERD A

NEHS 1001 —2486(2022)06 —051 — 10

Matrix information geometric detectors with manifold filter

HUA Xiaogiang'* , CHENG Yongqiang® , WANG Honggiang” , WANG Yongxian' , ZHANG Lilun'
(1. College of Meteorology and Oceanography, National University of Defense Technology, Changsha 410073, China;

2. College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract; Aiming at the problem of signal detection in small sample and nonhomogeneous clutter, a matrix information geometric detector

based on manifold filter was proposed. The signal detection problem was transformed into a geometric problem on the matrix manifold. The

correlation of each sample data was modeled as a Toeplitz positive definite matrix. On the basis, each matrix was replaced by a weighted smoothing

filter of its surrounding matrices. The weighted smoothing filter removed part of the clutter energy and improved the discrimination between the target

and the clutter. The geometric mean of a set of secondary sample data was calculated. By comparing the distance between the matrix under test and

the geometric mean matrix with the detection threshold, the signal detection was realized. Simulation results demonstrate the superiority of the

detection performance of the proposed method in small sample and nonhomogeneous clutter compared with adaptive matched filtering.

Keywords: matrix information geometry; matrix manifold; manifold filter; signal detection
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Fig. 7 Performances of AIRM mean detector with manifold filter under Gaussian and non-Gaussian clutter



- 58 - EE TS A5 N o i o544 &
1.0 — 1.0 —
’ :? 4
/ s
-©-1LEM :
I 0.8F 5
038 —— WLEM, m=11, h=1.5 ‘ ,d
et WLEM, m=11, h=2 i 1
—%— WLEM, m=13, h=1.5 !
0.6F . 060 | —— AMF 1
Q:’ Q:’
04l -e-1EM 0.4
b 1 —— WLEM, m=11, #=1.5
3 q; e WLEM, m=11, h=2
’ —%— WLEM, m=13, h=15
02F — AMF 0.2
-
0% 08 : -
10 15 20 25 30 15 20 25 30 35
SCNR/dB SCNR/dB
(a) =ZR ,K=n (b) dEmifrded ,K=n
(a) Gaussian clutter,K =n (b) Non-Gaussian clutter, K =n
1.0 4 1.0 o
°
1
0.8F 08+ .
067 061
A’ o -e-LEM H
—— WLEM, m=11, A=15
04t ; © - LEM 04f [-#e WLEM m=11, #=2
—— WLEM, m=11, A=15 WLE —13 h=15
ot WLEM, m=11, h=2 v AMFM m=13, h=15
,
—%— WLEM, m=13, h=1.5
02 —+— AMF 0.2
I ! 08 !
10 15 20 25 30 15 20 25 30 35
SCNR/dB SCNR/dB
(¢) mdRif ,K=1.5n (d) et K =1.5n
(c¢) Gaussian clutter, K =1. 5n (d) Non-Gaussian clutter,K =1. 5n
FT S AR S AN BT NE B LEM XA 5 1 HE g
K8 millr HAEmi AR T T IE
Fig.8 Performances of LEM mean detector with manifold filter under Gaussian and non-Gaussian clutter
1.0 G o9 1.0 7
4 »
/ H
4 i
1
0.8+ f 0.8 ;
1 -©-SKLD $ !
—— WSKLD, m=11, h=1.5 i °
06+ 0.6F | WSKLD, m=11, h=2 ,’
. - —%— WSKLD, m=13, h=1.5 1
A A —— AMF
04r 0.4
- © -SKLD
——WSKLD, m=11, #=1.5
ozl P |-# WSKLD, m=11, h=2 02
: ! |—5—WSKLD, m=13, k=15 )
! | ——aAMF
ot o4 . L
10 15 20 25 30 15 20 25 30 35
SCNR/dB SCNR/dB

(a) FHrZed, K=n

(a) Gaussian clutter,K =n

(b) AEmHAE K =n
(b) Non-Gaussian clutter, K =n



—%— WSKLD, m=13, h=1.5

i 6 /NG < 2 TR U O R 155 BT LA R 2 .59 -
1.0 P 1.0 3
- © - SKLD ;
—— WSKLD, n=11, #=15 ;"
038 08| | WSKLD, m=11, h=2 ’

0.6

0.6

—+— AMF

A
04 |~ ©~SKLD 04
1 —— WSKLD, m=11, ~=1.5
©  |-#- WSKLD, m=11, h=2
! —5— WSKLD, m=13, k=15
0.2 " —— AMF 0.2
L 1 m = ‘)
10 15 20 25 30 15 20 25 30 35
SCNR/dB SCNR/dB
(¢) mliZi ,K=1.5n (d) JEmrae ,K=1.5n
(¢) Gaussian clutter,K =1. 5n (d) Non-Gaussian clutter,K =1. 5n
B9 @il GaEm g T B TR IR SKLD SA{E I 25 iy v fe
Fig.9 Performances of SKLD mean detector with manifold filter under Gaussian and non-Gaussian clutter
1.0 _—PH—.—H—.—H' 1.0 v
, I o
/
08f ; 0sf|”®~JBLD ! :
—— WIBLD, m=11, A=1.5 {
e WIBLD, m=11, h=2
—%— WIBLD, m=13, h=1.5 !
06y 4 0.6[ | —— AMF K
z ] ;] |-e-/BLD s é
P —— WIBLD, m=11, h=1.5 ’
0.4 1 et WIBLD, m=11, h=2 04
(] —— WIBLD, m=13, h=1.5
II AM
0.2 1 0.2F
)
. . At I ‘_.G'.J " N
o0
10 15 20 25 30 15 20 25 30 35
SCNR/dB SCNR/dB
(a) Bz, K =n (b) AR B K =n
(a) Gaussian clutter,K =n (b) Non-Gaussian clutter, K =n
1.0 p 1.0 3 7
;
08f 08 |~ ©=IBLD
—— WIBLD, m=11, h=1.5
et WIBLD, mi=11, h=2
—5— WIBLD, m=13, h=1.5
067 ot ¥
o Q_:G :
-© - ]BLD
04 —— WIBLD, m=11, h=1.5 04
we#ee WIBLD, m=11, h=2
—%— WIBLD, m=13, h=1.5
0.2 —+— AMF 0.2
. . o4
10 15 20 25 30 15 20 25 30 35
SCNR/dB SCNR/dB

() M, K=1.5n

(¢) Gaussian clutter,K =1. 5n

(d) e, K=1.5n
(d) Non-Gaussian clutter, K =1. 5n

K10 m il SRR R B TR uE Y JBLD S (A A €5 YV BE

Fig. 10  Performances of JBLD mean detector with manifold filter under Gaussian and non-Gaussian clutter



- 60 -

(FE TR SR S AN S

544

4 HFig

SRR /INEEAS (ARSI AR BT B4 5 K6

I L,

Pl T — Bl IR T DR B r A 5 B LA

AN A , RACHIN 7 15 55 A6 D) ) AL Al D I i
T L JLART RIS 7 12 R R AR S5l ) AH 5
PEEE Ny — N IEE R, 7R MR T E i i A
SPIRIEE T A R BRI 2R AR S S SRR IS
FUARE SR 9 X1, AT THE 2R o b,
A T AR ARG A AR R A 5 el B s o o R )
JUAn S5 {EL 22 18] 14 5 S R 1] R RN SE B
SR 5 EILY MR, LT (E RS T R
AREABCRAT B0 (PR [T 3 o I B
A A2 B B B N T B S5 A ]
PR 8 B, M B A 00 Pt 2 B ik 1 2 TR
FE DB A T LA A DN s ) PR RE AL H o

2 % 3k ( References)

(1]

[11]

WANG P, LI H B, HIMED B. Knowledge-aided parametric
tests for multichannel adaptive signal detection [ J]. IEEE
Transactions on Signal Processing, 2011, 59 (12). 5970 -
5982.

SOLOVEYCHIK T,

symmetric

TRUSHIN D, WIESEL A. Group
estimation [ J ]. IEEE
Transactions on Signal Processing, 2016, 64(1) : 244 —257.
WANG Y K, XIA W, HE Z S, et al. Polarimetric detection
in compound Gaussian clutter with Kronecker structured
covariance matrix [ J ]. IEEE Transactions
Processing, 2017, 65(17) ; 4562 —4576.

AUBRY A, DE MAIO A, PALLOTTA L. A geometric

approach to covariance matrix estimation and its applications

robust  covariance

on Signal

to radar problems [ J ]. IEEE Transactions on Signal
Processing, 2018, 66(4) . 907 —922.

DU X L, AUBRY A, DE MAIO A, et al. Toeplitz structured
covariance matrix estimation for radar applications[ J]. IEEE
Signal Processing Letters, 2020, 27 595 - 599.
SHIKHALIEV A P, POTTER L C, CHI Y J. Low-rank
structured covariance matrix estimation [ J |. IEEE Signal
Processing Letters, 2019, 26(5) : 700 —704.
LAPUYADE-LAHORGUE J, BARBARESCO F.

detection using Siegel distance

Radar
between  autoregressive
processes, application to HF and X-band radar [ C ]//
Proceedings of IEEE Radar Conference, 2008: 1 - 6.

HUA X Q, CHENG Y Q, WANG H Q, et al. Geometric
means and medians with applications to target detection[J].
IET Signal Processing, 2017, 11(6); 711 —720.

HUA X Q, CHENG Y Q, WANG H Q, et al. Geometric
target detection based on total Bregman divergence [ J].
Digital Signal Processing, 2018, 75 232 —241.

HUA X Q, FAN H Y, CHENG Y Q, et al. Information
geometry for radar target detection with total Jensen-Bregman
divergence [ J ]. Entropy ( Basel, Switzerland ), 2018,
20(4) . 256.

HUA X Q, CHENG Y Q, WANG H Q, et al. Matrix CFAR

detectors based on symmetrized Kullback-Leibler and total

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Kullback-Leibler divergences[ J].
2017, 69 106 - 116.

HUA X Q, ONO Y, PENG L Y, et al. Target detection
within nonhomogeneous clutter via total Bregman divergence-
based matrix information geometry detectors [ J ]. IEEE
Transactions on Signal Processing, 2021, 69 4326 —4340.
HUA X Q, PENG L Y. MIG median detectors with manifold
filter[ J]. Signal Processing, 2021, 188 108176.

LIU Z X, BARBARESCO F. Doppler information geometry
for wake turbulence monitoring [ C]//Proceedings of Matrix
Information Geometry, 2013 277 —-290.

ARNAUDON M, BARBARESCO F, YANG L. Riemannian

medians

Digital Signal Processing,

and means with applications to radar signal
processing[ J]. IEEE Journal of Selected Topics in Signal
Processing, 2013, 7(4) : 595 —604.

HUA X Q, SHI'Y F, ZENG Y, et al. A divergence mean-
based geometric detector with a pre-processing procedure[ J].
Measurement, 2019, 131. 640 - 646.

HUA X Q, CHENG Y Q, LI'Y B, et al. Target detection in
sea clutter via weighted averaging filter on the Riemannian
manifold[ J].
47 -54.
HUA X Q, CHENG Y Q, LI'Y B, et al. A extended matrix

CFAR detector with a pre-processing procedure [ C ]//

Aerospace Science and Technology, 2017, 70

Proceedings of the 10th International Congress on Image and
Signal Processing, 2017.

R/, R T AR AR S LA B R K H bR A I O i B
RID]. Kb BEBFRHR, 2018.

HUA X Q. Research on radar target detection method based
on matrix information geometry [ D ]. Changsha; National
University of Defense Technology, 2018. (in Chinese)
BOM, Rk, TR, 45 (58U S N BT
J[1]. hEREE: [FRRE, 2013, 43(6) : 707 -732.
LI X, CHENG Y Q, WANG H Q, et al. Progress in theory
and applications of information geometry[ J]. Scientia Sinica
(Informationis) , 2013, 43(6) : 707 —=732. (in Chinese)
IMETR, EHE, SRET. FEJLA RN HLT]. ek
P, 2011, 40(3) : 257 —269.

SUN H F, PENG L Y, ZHANG Z N. Information geometry
and its applications [ J ]. Advances in Mathematics, 2011,
40(3): 257 —269. (in Chinese)

Fokok. wIB(ETABKE R BIE S ke[ D).
Kb EPFRHREE, 2012

CHENG Y Q. Information theory and geometric methods of
radar signal processing[ D]. Changsha: National University of
Defense Technology, 2012. (in Chinese)

ANe. B TAE B LA Y B4R E AR 56 B R
RID]. Kb HBFRHR, 2014

HUA X Q. Research on key technologies of image object
recognition based on information geometry [ D]. Changsha.
National University of Defense Technology, 2014. ( in
Chinese)

BN, £, mAUR, & R TERILM K EGRE
ME[J]. THAHLIRR 5844, 2015, 37(3) : 589 -593.
HUA X Q, WANG P, GAO Y H, et al. Image denoising
based on information geometry[ J]. Computer Engineering &
Science, 2015, 37(3) : 589 —=593. (in Chinese)

R, FRAKER, RS, S AEREEE L A
[ J]. HFeER, 2022, 50(2) ;284 —294.

HUA X Q, CHENG Y Q, WANG H Q, et al. Matrix
information geometric median detectors [ J]. Acta Electronica

Sinica, 2022, 50(2) : 284 —294. (in Chinese)



