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Space-time adaptive processing with cognitive capability
for underwater acoustic communication systems
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Abstract: In order to mitigate the jamming effect in underwater acoustic communication system, a cognitive space-time
adaptive processing algorithm is proposed, which converges faster and reliably due to the sample selection based on in-
terference cognition. The number of jamming is estimated by covariance matrix feature decomposition and MUSIC
power spectrum, and the algorithm dimensionality reduction processing is carried out based on the auxiliary selection of
the dimensions of the blind source separation algorithm and the spatial dimension of the space-time adaptive algorithm.
For the interference after blind source separation, several interference cognition methods exploited to sample selection
are studied, including the time domain analysis based on envelope detection and the time-frequency analysis based on
Short-time Fourier Transform (STFT). Finally, the performance of this algorithm is confirmed by numerical simulations.
Key words: cognitive underwater acoustic communication; space-time adaptive processing; characteristic extraction

RGIVERE
H T C A 2 0 SCHRET XK A 8 A5 T a0k AT 1
T SCRR[B]HR Y 7 — 3k T4 DL >3 fgfik

0 5l &

F T FL TR AR AR TR S 0™ E, A% A B 2 B
PR AR AR ORI AR 2 RN HEIE 5 (1) 22
TR, RiKEEAE TN K 5 2 05 KT
FON TR HARKIEE T fidm R 5 X
ERPESEB TP IS Y AN A SEAE I A
{0t 3 A kT 1, ROR B R T K T A

WS EHEA: 2018-05-04; f&[E1 HEA: 2018-07-18

HEETR: /KM G S5EEE B BOR S E 5 5 2 50 ST oL & B
(ETK5)(201703), T4 H AR5 & 5 H
(BK20151501), i3 m B A R IL 55 2 & 1005t Bh i H
(2015B03014).

1EH R TUE1976—), T3, \WARIEIA, 1, WiLASIH, #d7,
T KBS RAR, BAE TR,

BiEH: 1%, E-mail: zhouyi_free@163.com

PRGOS 5 A S B A
T kg 7S o SCER[41R FH 1T RRVH B D7 V20 fiknp =+
POEAT 7 Ao AEE R STk R RRA I Rk X —
FhFIE o 7ESCHR[B)H , 148 5 T B /N B i (Least
Mean Square, LM S)5i% 1B AH IR o s 1535 i
ghir, RIS IR EIE LRI RE T, R Z
BFI, (HERAETIAGEERH LMS Hikidt
ATACEE, flnfkeh T8, B IEREIESUZ Bk
T HIALE 52, FOHEE RO

EERTOL EBIRIIA L, ARSCERH T —FpEE TN
K PR AR I 25 & N A B . ZEIVETEAE S
0] R = B AR 7 k1 K lK = RFIE- 2 il WO | DN ) i)
ZHE MR AE . MUSIC 28 )38 1. A0 28R 1E


https://core.ac.uk/display/343511031?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

92 o

R

2019 4F

HE AN 4 B B AR 6 (Short-time Fourier Trans-
form, STFT)& 5%, SCHLI 2% [ e B 5525 1) P4 ik
PR AL AL o

1 WHADKFEER = B &M
RPN

1.1 1RGHRTE BiE M E A RTE

B N, A 4 o Je 3 P H R e x(K) 5 B
ANETERFEEIE N EON N, AT LK K B 2% % B
B TE A S R =R

X(K)=Dx,(K), %, (K), - % (K), -+ %, (K)]" (1)
X x()=0xK), % (k=D), - x(k-N+D]" » k Fx
BPIE, []"RRFEEIEH.

3 S U A% 2H (%) B AN A B Bk v o Y (Finite
Impulse Response, FIR)EM: #5# K — 4K E RN
N, FIAL R BOR KR, DI 2% 20 1m) B 5 B v DL S R
LN

W (k) =[w; (k), w,(k=1), -, wy (k=N,,+D)]" (2
2w (k) =[wg (K), Wy (K), - W, (K)] -

BT 28 M L R & /N )5 2 (Linearly  Constrained
Minimum Variance, LCMV)#EN, F 34 0] &1

T (3) KAt
w,, =R P ®)
Hr:
R, =E{x(k)x" (k)} (4)
P=E{x(k)s" (k)} ®)

A R, NIRRT ZHERE, P OV E AR AR, B}
FORREAIE, [T R SR, [T RN
RiBiaH, s(k) o EPORE T .
1.2 AEERE BiE MY IE

NN B 2% 3 A B iR BEAE P 1 o
ZEE AT AL i 25 B I B R A1) A B L 1) Bl
FINT EET T HERE D TP DIgE . THA
HIH R B UE 5 T 25, SATRHE 7 ¢
A MUSIC Z[EAG T, RN FHA
FEWNTHMNA: — 5L E > 5%
HRIYERE, MTIA R CGEE S E, FFRIREERNE
FePE s R Bl BT A O R R A e 4
B, BT EILRYEALEE, T FRACI 25 F i N A
FVERUHE . SR R T PRI ST 4 8 4 i (Fast
Independent Component Analysis, Fast-ICA)f¥) & I 73
BRI BTG, SRAEZK NI Hr i
WAFIE, KA STFT 4-#ri 4, M SBT3y

|| e || s

MUSIC e 4
2% () 3% 43 Hr
M |

: HF
% = Fasl_—[CA
i3 BiETE
| Faesm ]
W BT
fegagit
FFOESTHr

1 AR B B AR B A P
Fig.1 Principle diagram of space-time adaptive processing
with cognitive capability

fiE, RATFHRA . R TR T A I A& )
FHREATATIS 25 5 IE R, 3w HIEMEER
KSR P .

KPS A LT P X 3 g S 1 AT
. Bk DA R R T A, WS AT
B DIZE S ST D % R s
kTP LA AR (A BRI Dh R K (5 SR
IR K 5 B T 26 1 s o ] e HH B0 AR i O O e 5
LI TP B DR A e PR e i o AR
PR S PR 4. Bk PP T Pix =
T, 1% LA RAER, XHRUCRE S T Ab PR

(1) FHIEA AL T

AT AHBERCE R S mE L, T T
PN AR SCRH BE S W 77 22508 FERRE 7 i AR A
T HEAAE . el N, A4 BhiE i 1 3oE
XK s X(K)=Dx(K), %K), = X (7> 8 S A
@ iE b7 250 R, HERIEAA N

R=x(k)x" (k) (6)
SR X By g 2 MR A T R AR 20 -
J=6gR], i=12-N, @)

b, eigl] RaRFHER > RR S, A4 FRNE A
FFOERR . Horb, BU/NRRIEIRER A
Ain =MiN{ A, A, Ay } (8)
X, min[] FRBURME. HEHERHER S &
INFFIEAR I LEAE, e A -
,ﬁgﬁl”éﬁ )
SEMIREE &, giitthErE A P RT €&,
TR Q5 VA <10 0 O 7
AN HE B Al B3 T 4

A<



1

FUEAE: DR K R AR N S AR B S T 93

@ T

MUSIC 7 T {5 5 72 o) Fn s 721
HUESCHE, M s, e Z, o
HUK PR AR, A

1

P O)= G0, UTa(@)
Kb a(0) WEEAEA, i SRR 0
R R 8 n A BRI WA
Uy, TR SR

@ THE

BT R, TS T B S 55
K AR T SO B Fast-ICA 2B
ST B 0408 35T SRR FastICA
PR TR MEEE W, (58 Y 2WTX Bt Bk
BINHE. P, X IR EAERE Y MU B
e At

T SR FastICA S0 H0 5 A
‘F‘ [13-14] .

BT 1 AL B X TR, (145
SR, ARFELES 2.

SR, B IUCH p. THRIEL B A NG
B 7 A RS R C A1), BEBLVIE LG Rt
W

(10)

"B EHREW,

W, =E{ZgW, Z)}-E{g'(W, Z)}W, (11)
Hob, B} EFRECEWE, 0 BRI SH,
QWFém%mﬁ@Wﬁﬁﬂﬂ,gﬁﬁﬁTaﬂl,

g'(u)=tanh(au) .

WIR 4 B UOEAIEI—ASHT ST B B
SRR AR B RS TSR AU [ B S A
I, AT RAHICAREE, RYIEAS IRk,
AW

W, =W, —EWJWjo (12)
=1
j:g% 5: Uﬂ*%&i‘féﬁ, &ﬁﬁ[ﬂr
W, -t (13)
"W

A, |l AR TR R LR AR = E

IR 6: WEVREAIEL, NHREEEER 3 4kt
PAT; FHERUEL, RIS BHEESE I EErE T o,
TSR — AN R 43y, =WX s

(4) AiE &5 F b

A FH B S e B A5 e (Fast Fourier Transform,
FRT)XS B R 53 85 ) & Hedb A7 A 5 208, M

AR SR E . BB IR . © &I FFT J5
B i (R AE . @ BAECRAA ) 0.707 £ A1)
PR, h Stz ] BR AR 55 B2, A 9 TP i
e 7 AR PR R ) A B A B, R R AN L
PESGHS T2 ) B0

(5) BB FRESEEL

BB B S5 S A S, SR A
R R, T PR I SR L 2 ik o

@© fk %

R YE A SRk i EHE S T REE, B
THEFIN BT R EE R E 9 N AN, 2R )5
AR T AN E T 5 TR BN R 22 A DL AR
A KRB, HRAXY

B =(Ng—Ny)/ (14

& XWKFETTR A & » ME T WK T & I,
FIWriZ PB4 A5 Sk KT & i, H
Wiz TP N LB T

@ 57T

2 R RN A ik BT S R, 1B
NS W

1

K:WS; B (15)
Horr,  NNFREACREE S8, N AIRYE EFHEMT
FEvR TR R KN E 8 TR N &«
HAE S HFHRT & i, HIWx T IO T
Yoo BETNT &0, WA kb 4.

(6) WG RFAE TR B

STRT Xf I SURFAE R4 IR H A 25, 0 T340
IR M 7 AT S AE AE W S I AR R AIE 5
5y AT LLSR SR UM S IR S AR 1) 777 v SE AR I 1)
Wr. BRlitk, KA STFT J&EF- PO SRR, I 4
TR 23 B SR B HE I an ] 2 o .

il i it
kb T4k M=l |

M EET B

KERHTI E % 7~

2 B AR REAE 53 H S B AE ]
Fig.2 Principle diagram of time-frequency analysis
B BEE, M&TIES 20 STRT Jfit
— BRI — B 2253 O T7 ZZHRFAE, SR AR RFAE
BRI FBEAT TTRRA D, R0 HY A L PR
{55 y(k) i STFT A

@, k):i y(Oh (r—k)e 2 (16)

T




94 o

HoOOR 2019 4F

A, NOWBRRISEL « ANIE, hk) A R
M I AE W BT AP B — A, ROk TR S
B ZE AR AL . B hf STRT 45 AT Sz I 1
ERRNEW

[Frac(?), P ()] =max(€2(z.)) (17)
N P (2) RS RN (8 BLIH AR 45 K5 ¢ BUE R
BRI, Fop(2) B oh o BURCKEIF 5. A
JE TSR IEE PP 5 K —Br 25, € XERTTET
RN & BESENTTEANT & i FIWNZ TN
LEMEFBT

LR EPNIR, FRECTIURAE A X TP T A,
U SRR L2 RS AL A kT, AR Y STFT
SENARZMESFITH, W A Nk Tt 4
SRR WA E VSR T, RS STFT A
TENEMEFMTIE, W EAH LTI,
SRR WA E VSR T, RS STFT A
SENARZMEF ST, W e 29 A RT3
VUK THERE, ARIE TP E &N T
PHRIERIREA, R I A 5 N S .

2 FiEMERIIHE

T AT BRI 2 RFAE A AT K R
5 T2 B 1 38 A B B35 Tt A0 R -5 o o e
fit. MATLAB fj B & & — A PS5 R =Fp T4
55, HPES N MR (Binary Phase Shift
Keying, BPSK) i ill, —FhF4o Bl Akt 9t
RSP R T P FEUBESIR A 16 [
JCIMZRRE, BEoaimBE K, FEF R E R A
40 dB YIS B, HlE 5 R 2y 4 000
AKEER, HP SR (B A1), TN M
AIN-5°. 5°A 10°, J@EIEHTMEL N 30 dB, fER
tbh-20 dB, TS5t 50 dB. #EMKTEIIR & A
500 MRFERL AR E N 0.7, E54TT 2]
BRe RN 1o FIESSHPE SR S H -
Kl 3w
21 fAE 1: FHIARBE

FEFIZE H bR 5 R 5, 1 ek R
G 7 ZH B ATRHE 70 A, 22 30(6)~(9) T A5
TR PSS EARANEON 3, EP TR EON 3.
HHE MUSIC 7S a1l ok B Ak o7
WE 4 Frow, SRS ST 771 5558
-5°, 0°. 5°f110°, HFCE O NHFP I, wll
T TT 17 79 il R-5°. 5°F1 10°.

1 FF 36 T 4085 B K Y Fast-1 CA S5 AL 2 il T
MESHISE, s R 5 s,

& FE/dB

50

_5[!1[] 4 6 4 -2 0 2 4 6 8 10
A kHz
(@ MkrT-ak
50
m
‘E | Jilied ik 4
M U | B 4 alid ik
[

-50 L L L L L L L 1 L
-10 -8 6 4 -2 0 2 4 6 8 10
45 /kHz

(b) 7S AR TP

50 ‘ \
0 [
-50 L L 1 1 i L L 1 1
-10 -8 -6 2 4 6 8 10

4 2 0
iz /kHz
(c) &HHMmT

& FE/dB

50

=50 :
-10 -8

& fE/dB

6 420 24 6 810
A kHz
(&) fIs
B3 P AP R

Fig.3 Spectrum occupancy maps of interference and user signal

60

40

20

% A R FE/dB

_20-30 200 -10 0 10 20 30

)
B4 MUSIC = [l i

Fig.4 Direction finding with MUSIC algorithm

XF 53 1 e B = A AE 5 20l SR E AL 8RR AIE
TR 1 BBk TE Ny 80 A RbERL, LN 022 F
P2 BNk TE )y 4 000 A RAE L SN 10 463
IR 5 4 000 RAE L AN L

KH STFT 4bHE 5 T35 5 i il an & 6 Jir
Ao PRIUN SIS IR IEAE, oF 5 =R HRIsAE 1)
—rZE T Z, RN 4747, 6723, 0.15.

g bRk, O BRI T HRHIES SR 1
FR



H1W

TSR INHIRK A B (S N 2 Gl B A B LA T 95

MR AR BRIRRAE, P01k 98 4 80 R A A1,
NFRKSETTIRAE 500 KAf s HASHON 022, /NF
HAETTR 0.7, FrELTIE 1 R H kTt T
P2 HEWN L KT EAHITR 0.7, FIONIES
T PRI Z 0 75208 6 723, 1KT

100
[as]
=
= OMUWHHWW\-‘
=
-100 4

0 1 lJIOO 2 600 3 000 4 000
FHE A
(@ FH1

1
=

B 0

= 1 '

0 1 IJIOO 2 Clll}l} 3000 4 000
SREE £
(b)

W& FE/dB
—_ o —_

0 1 000 2 000 3 000 4 000
FFE R
() T3
K5 BHilESEETHRES A
Fig.5 Time-domain map of interference after blind
source separation

R APl A

J::?ﬁ%hw
ol 0 e

Her sz
(b) Tt 2

e TR
|_L|M | b!]r

i
4( ' ‘ I |

il

HEEN S

*, -W\I *{Jv .
i !

iR
(c) T3
El6 HiEsETIEE
Fig.6 Time-frequency map of interference after blind
source separation

®1 FIFESH

Table 1 The parameters of interference characteristics

THURHIE PR RHES 3L
FHAFAG T 3
THO7 kT —5°, 5°f1 10°
BB ENTI FH1L  FH2 FH3
ks Jhk B8 CRAF 55) 80 4000 4000
FEAIE jesi2d 0.22 1 1

INE7: S VT 21 Rl

B S 4747 6723 0.15

Z TR 1 FrUAT 2 &N A BT
o FHIMERH AL, KT HZFLWIIR 0.7, #
ONIEBERT: BRI — I 2270 19705 2204 0.15,
NFEDTTENR 1, T30 3 &N LNER
WPt TR 7R R 505 Hk i E
2L R TR IURA AT R

D7 FUHIE A5 e LE PR 7 -20 B ANAZ, BT
WEEL, BERPTME LT AR TR TE . itk
BP0 58 AN A IR TR S S 5, F
B 1 SRR B T EEAT 7098, RERD TR LE I 5
R 7 BB 300, 7»RIEWHFRINE 7 Fis.

W 7 Far i, TEeLE R T 8 dB I, AEHIEN]

00—

S IR IEFZ /%
& 8 &

]
=
T

0

5 10 15
{5 Lk/dB
7 AETFEHNTFIRIER R
Fig.7 Classification accuracy of interference with different
jamming-to-noise ratios



9% I s SN 2019 4

L)%’Jﬁ?\%iﬁ% E(J-‘LE %U % , IEE@ %ﬂ ji gg%uj: R JIA Ning, HUANG Jianchun. An overview of underwater acous-
tic communications[J]. Physics, 2014, 43(10): 650-657.

22 fFE2: H=EENLERE (2w, X AR S B TR B 1 PP S B T

N s \ . - R SRAMHIEIR[T]. B R S5 A EE, 2017, 32(6): 1089-1096.

W IJ:F‘TjE %ﬂ}a liﬁl*izk ’ Eﬂé )EH HTJ”/E E ﬁ& ‘WANG Feng, LIU Die. Source separation and jamming suppres-
ﬁYiXﬂ‘:}:ﬁilﬁﬁt? E[] ﬂ;” ’ W U ﬂﬂﬂzk‘/ﬁlﬂ ?le‘: ’ ifiEXHJ]G EP? sion for underwater acoustic communication systems with cogni-
%jt'iljfm E[’(H%Z!Ko 2'-({7‘5 quﬁz/l\:f:il:jt’ Jiﬂlz/l\g‘ﬁ tive capability[J]. Journal of Data Acquisition and Processing,

NN R . o _ 2017, 32(6): 1089-1096.
BidiE . P55 1 THANHIAT S AR B 8 R, (g semeie, 2w, mgise, . AGmme b o T A
HUE N 16.82 dB. #iil FY 5 45T E W B 9 i, LA EEIBT A ] {5 S AbEE, 2015, 31(11): 1473-1478.
S N = Al . LI Chengcheng, LI Youming, LYU Xinrong, et al. Joint impulsive
EE lgl 9 ﬂ% ’ :m]ﬁ%lj A E*ﬁ?%m%{ﬁj‘ﬁ IE'I ’ }E‘E /ﬁ E%ﬂ&# noise and carrier frequency shift estimation in underwater acoustic
%Ei}j_iﬂ:& ,» Uk EE T jﬁfﬁ E %E]f §IJ E,:J éldil: %%ﬂa F' Fé _'Ej—l LIS VA communication[J]. Journal of Signal Processing, 2015, 31(11):
I T 8 S 008 R 1473147,
[4] XU X, ZHOU S, SUN H, et al. Impulsive noise suppression in
50 per-survivor  processing based DSSS  systems[C]//Oceans
45 IEEE(S0197-7385), 2015: 1-5.
[5] Zide, iEEL, TEBGHE. BTN KK E(E B RET A
- 40 [J]. PR, 2016, 35(1): 73-77.

.‘g__ 35 LI Jilong, FENG Haihong, HUANG Minyan. Study of channel

'q_'\ equalization of underwater acoustic communication in muitipath

o 30 horizontal channel[J]. Technical Acoustics, 2016, 35(1): 73-77.

i s [6] Tk, HEH. FT STAP B0 T HEMRMABAD]. BAE

ik, 2016, 38(9): 28-31.
20 E— ?Ei?ﬁﬁt[ YU Yong, LEI Zhiyong. Optimization technology of subarray di-
15 L L i vision based on STAP clutter suppression[J]. Modern Radar, 2016,
0 1 000 2 000 3000 4 000 38(9): 28-31.

KAE L [7] RUI F, LAMARE R C D. Reduced-rank STAP algorithms using
K8 FHAmHIETEIhEE joint iterative optimization of filters[J]. IEEE Transactions on
Fig.8 Power map before and after interference suppression Aerospace & Electronic Systems (S0018-9251), 2011, 47(3): 1668

60 _ -1684.
I T&{ﬁﬁﬂ [8] ABDELKAREEM A E, SHARIF B S, TSIMENIDIS C C. Adap-
40 — A tive time varying doppler shift compensation algorithm for

%1 OFDM-based underwater acoustic communication systems[M].

E,:“ 20 Nortn-Holland: Elsevier Science Publishers, B. V. 2016.

s [9] PALMER J E, SEARLE S J. Evaluation of adaptive filter algo-

%} 0 rithms for clutter cancellation in Passive Bistatic Radar[C]//IEEE

‘-‘K Radar Conference. IEEE(S2375-5318), 2012: 493-498.

= 20 [10] MA Y, SHAN T, ZHANG Y D, et al. A novel two-dimensional

sparse-weight NLMS filtering scheme for passive bistatic radar[J].
) ) ) ) IEEE Geoscience & Remote Sensing Letters(S1545-598X), 2016,
T 2000 4000 6000 8000 13(5): 676-680.
P E= [11] AUBRY A, MAIO A D, PALLOTTA L. A geometric approach to
9 LTS A covariance matrix estimation and its applications to radar prob-
Fig.9 Correlatograph before and after cancellation lems[J]. IEEE Transactions on Signal Processing(S1053-587X),
2018, 66(4): 907-922.

A [12] ALAEVK, Wbl AR(E M LL T SR H 7 22 56 B 1K 43 B MUSIC 52
3 4 HE[T]. A, 2013, 32(5): 373-378.

DU Zibing, YANG Kunde. High resolution MUSIC algorithm re-
N v o NP RN 2y \ constructing covariance matrix in low SNR[J]. Technical Acous-

A LG E K B AE T PURF R RO AT A5 I [ 2 tics, 2013, 32(5): 373-378.

PR, IR TN BN, PEIK T B IR [13]) DERMOUNE A, WEI T. FastICA algorithm: five criteria for the

IE% ﬁYi*D éﬁﬂ‘ g iﬁ }i\zﬁyiqj B(J Tl“ ﬁ% , ﬁj‘i XTJ- Hﬂ‘ t"z optimal choice of the nonlinearity function[J]. IEEE Transactions
N _ N . N on Signal Processing(S1053-587X), 2013, 61(8): 2078-2087.

QAN IR I 2 RAAER A AT, SR TR I 1y s, e, 5T ) FastICA SUED. #50

T BT AN ST 73 2810, FE Rk
TTIRFEARREE, RAORIE 1IN 2 B G N AL B
ARSI THENLOT IR 105 A R

2 £ X W

[1 w89, s KEBERARLZGARI]. ¥EE, 2014, 43(10): 650-657.

HLLFE S5 M, 2018(1): 251-255.
HE Anling, HE Xuansen. Improved Fast-ICA algorithms with ra-
tional nonlinearities[J]. Computer Engineering and Applications,
2018(1): 251-255.

[15] PEI S C, HUANG S G. STFT with adaptive win-
dow width based on the chirp rate[J]. IEEE Transactions on Signal
Processing(S 1053-587X), 2012, 60(8): 4065-4080.



