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Research on UUV autonomous detection method

ZHOU Wu, ZHANG Hongtao
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Abstract: Autonomous detection technology is the key technology to realize underwater intelligent unmanned vehicle,
and it is the premise that the unmanned vehicle can independently perform underwater early alert and target tracking.
Aiming at the problem that the performance of the existing autonomous detection method based on the mean level
constant false alarm rate (CFAR) and the ordered statistics CFAR is degraded under the condition of background fluc-
tuation and multi-target, which is due to the inaccurate estimation of background noise statistical characteristics, an
autonomous detection method based on the azimuth-time two-dimensional reference window associating the ordered
truncation average (OTA) algorithm is proposed. In this method, the azimuth-time two-dimensional reference window is
designed to solve the problem of noise inaccurate estimation caused by less reference samples in one-dimensional ref-
erence window, and the ordered truncate average algorithm is used to estimate the background noise statistics and to
normalize the fluctuating background. Then, a constant false alarm detector is constructed by using the mean value and
variance, and a tracking-before-detection technique is adopted to achieve multi-target automatic detection and tracking in
the fluctuating background. The lake-test results show that the autonomous detection method has a good effect on
multi-target detection under the interference of UUYV self-noise.

Key words: underwater unmanned vehicle (UUV); automatic detection; ordered truncation average (OTA) algorithm,;
azimuth-time two-dimensional reference window; passive sonar

FHPAT BRI ER B

0 5 5

FRBKAEFIER R RN, DLAIBAEHE R
i, XK R I AMUAT #% (Underwater Unmanned
Vehicle, UUV), REAN LTI L H br ks
W, BRERS BAREFE TS5 AR LR AT RER
KEWRENAT L AEA —E R e, % H

i HEf: 2019-01-12; f&[5 HH#A: 2019-03-31

BEA: Pebi4E S0 H(6141B04040301)

TEEEN: FR(1990—), B, WHLHMA, Bit, #5007 FAKA S
BiflfEE: AKX, E-mail: skizhouw@163.com

Judbe 5

HHT, B3R S Tl ko) 2 475 5
THRIIE RN ZE . AR 7] DARE N A&
39, PUERHERDN E bR, mE FREs S aeieE
T B AR P 0T B AREEAT Rl o DAt B 3 el 4 B
IR, N S AR, BRI R — B SR
— P EE MR E T, RS TR
BEATLYEXT 2 Ges il BE sz ) m] R /N2 i pl
F AL (Constant False Alarm Rate, CFAR); Al /&
—Fh7E B EAREI R G A AN 7 5T IR I H
A5 5 5% M RN TP 2R G e S A 56 5 ) i /N 11

SRR Sy pr



52 W

JAEEE: KT IAHUT & B T ITERT T 147

KHALAK, CFAR $RT V2 W H T 55 2 43k,
FEKFEAE SR skl e, *FT HARME SIAE T,
—HAR RN TRl 77 . AR, &K
TENEE. A& IEDRKE, KTFILANAT
JETRME A TFE R &L B, KFEGES
CFAR A5l 77 V2388 5 > P AR AELAer N 45 6 7 1) 4E AL 31
&N, KRH—4%2%5%, ERARu R -, &
TG AR, 545 ) RME T TRRELES, AT
SCHEE AR R ITAAE Y R AR B bR —
FEOL R, AR BN ERAR . (H A 1 S e i
KA. BB ERZ ST, H RS SR
PEAGTEANE, AR SR B o o1& MRS 5
Z BFREOUT B ERMS TR, AR 7 —M
FEF I -I 0] —4E S5 B A A UK (Order
Truncate Average, OTA)SEVLMIH BN RN B =4S 7
5, IITIERIH OTA BIARTETTAL-I R 2% % |-
flTH S S SRR, FIRHIME . J7 2 #9iE CFAR
TS, 5o R A I AT ERER R AR — 2P PR
1 RIS 45 RIS IE T AR IRV RE .

RIEN 4 il

E5 AR RE T s &I H br it
o fEEM ARG, XM TIEFREEHEIR. M.
WY IR SNE LM, DLUCE R
FY 7R, A R R 7 1 A T MR Y B
PEo MEFSRE AL EES I T H BN RSN H
PRER I RE . Rk, FEFEMN RS, AEEA
B R EARERNEL T, BERNRSEA
FasE MRS IPERE, ENSZI CFAR A,

CFAR A5l 75 VAR 1 S 75 () e v AL 1
CVAL, NS ERINAEES BN . 4SRN
A4 N I 75 RO 5 N 75 5 i b R, e 5
M G AR CURME L T S & CFAR ], FLR
HEWE 1 s, B H, SERICETEHTES
B R GTHREAS T RIS B AR R ERE
sl o e, Al i B — B AR G4 2 AR
BILHER, B EERNHITE S % 8ot
WE—E R, SRS % oA e
Bro RO B TC R AT Sl HARE EAH
HIG. SEMNEH TR L PRNE R, 1T
PL2y M348 (Mean Level, ML) CFAR A F 41t
(Ordered Statistics, OS)2% CFAR Pik2%. ML 3%
CFAR #B /& 7E . 70 °F ¥ fi7 i % (Cell Averaging
CFAR, CA-CFAR)ZE: il F#EHI K. S CFAR fE
BEPRERIE B ARG, T LURHAMEEY: (1) %

BITPTE TR Gt e v 5 AR I B T i) e v
—2: Q) ZHE AT EEM Bir. £ Rk
PR, R TT TR G R E T NI 25
TLHEETR 2

5% B RN B 5%
Bt Bt BT BT M

i <\ l////
% e ey
% SAENEMENEN IZfI [zal - [Zeen] - [a
#
| TR AT At
i y
o N A
B E 7K, ELE I TIRK, %ﬁﬁfwm

B 1 SEfHEEe R
Fig.1 Principle diagram of parameter CFAR detection
e T R B A RS LT T AR 2y, i O
ERCEIAPaI b ons M IS E L GIR PN TN
IS, AN BT 2, B P e BN
__ 1 ()
p.(2) \/Ean exp( 26 (1
CA-CFAR HIJH 2% 8o Ea R Al v 5
PP RACT 0 LA MRS T2 o,

1 k+m

H=m=3 27 )

033 & () )

b T4 5 (KRS T P, U IO £ 38 7 A
ITBR x AT E R AR

B=[ p.(z)z (4)

2 HARMEOUR, — BB AR A 0 1
Z% P IFEL E BARIIEDL, WR CA-CFAR
G L T S S pUREIE S O RN B A S84 ¢
R ek ML RITVEFE L H AR PR RE
Rohling ™21 T OS J5i%, o225 o b i) B
BATTHRHED, K58 k A Geik- B AR S Dy %K P
itk FHBLIRAERIVEBAR N OS 25k, OS-CFAR
REAR AR o1 A2 b 22 H AR ARSI )il (B2 AE
ERFER, T HEREE S BT AR,
153 B AN E R PR

2 T OTA-CFAR B VEM E F A6

2.1 A-FEZ%HESER

A4 58 CFAR &l h, —4ES% WAL
ER>, AR S E CFAR K33 P R Ao e () B 22
JRIR . MRS DUSSRI RS B, N R R S



148 Moo HOR 2020 4F
PR 2 A ZEHNT eB (eP R/NT 1 HERZIE FHMNNBIRTHPHES, SRA38 751
), M AL I — R @), »(2),y(2MH); @)
Ny R(-F
P|:W_E: <8ﬂ}>l_ﬁ 5) 3.0
K NOFEARE N OEER. RiEP>09, ¢ 230
0.5, W2 p=0.1M1, FrifHsEASE N=360, 201
RV REA R E KT 360 I, KB AR 5 R 1) sl
ZHNT 0.05 FHERKT 90%. fE—HSHE L, Lol
TR NI 2 (e PR AR ARISE Y, R RE S '
AR AR ISE AR E NS5 . IR S B AR 03¢
e — AR R, AR AR R AR AT AT LA 10 20 30 40 50
NG R AE A I B NP AR IR . RSO T
B 2 BRrs - S, TR @ (2) OTA i
I R BRGSO G R, (S
FEARBR RGN, X515 Fe s it = G T 061
Fitfo SEBRM AR, NARYE B URAE AT | 05T
AT T, I B ORI R B ol
fRpEs  BEET RWET 02t
~, \y/* 0.1}
xk,,;’/ " o 10 20 30 40 50
N " (b) OTA ¥yfiika

T

2 TR A2 E R
Fig.2 Schematic diagram of azimuth-time two-dimensional
reference window

22 OTA BE=t9%

R M FEERE ST, (55 585 Sl
Ja AR A OTA A WIE 3(a)ffin. OTA 5k
TR M BE A 5 5 A P A B . 1 3 TP — B

SITE, YRR E SRR . AR, A
ARFRARRE NS, ARG R 75 1 B R AR
ghg; XFuEa R, REARERRERE AL, A
ANB) Sy s S R ] e A o ) AR A1 . AR
Y5 5 P EBCR A ML K803 0S 35 CFAR #ill
Bk, BESE SRS GRS E, SR
Pt 2% 55 H b= Al 8N, (51555 H bR ot
For il 2] .

Wolcin™#2 H (] OTA 5LiBAE L HisH T,
SRR 20 55 H AR~ A wOS N, EE 2 H
FREFES T H ARAS I . OTA BVEMAE IR : (%A
PIBTHRIT 2 (k) REE kNI, EAWEEK M, N
—ILH 2Mm+1 MR-

R, ={k-M - k-1, ke, k+1, -, k+ M} (6)

3 JEBAIE TR OTA f N\ K H 41t 15 5
Fig.3 The input and balanced output signals of OTA under
non-uniform background

B3 e ) (M) RN Y, . A A
v()>aY,, (a 3 ERHD M 24, WS IR
fi it

(k)= 2y () ®)
b, y()<aY,, y(I+H)=ay, . K65
g 2w g, &R

7 (k)
fioth 5 T LA
z(k)-m(k
w0k, 2 ok, ©

Hrt: K, N —IERE, eEtaiSEHE: K Ak
PRAEFTA B BB A IEE . X T B 3= B
55, WAEK M=4, a=2, %l OTA Hik, H
fi g R 3o)Rn, RS SR, 55
HirU &,
23 HMETIRER

K6 BT BR 5 77 ¥%:(Track Before Detection, TBD)
7255 B Al s B 75, BRI B ARFE R TA] B
(B, S S M bl . ZERE SR i B ARt il



52 W

JAREE: K ANUT S B AT IEH 7T 149

RN ) A Tt B, HOT e B 80N, 1277
Pl b, HHUEIE R —F HE . ERZ K HEL
R 75 %, B K (Hough) A8 e e iy IR 5 i 2
—, HARSAET R e, DiMeERelr. A
K H] Hough A RiEAT H Aner il i SRR o

W 4 B, Hough A% #J& = 47 [a] 3]
Hough 75 [H] ) —Fh st . 4250 A8 — A 4%
(x, y)#BXT N Hough ¥[8 [ — 2k IE 54 2k, X it
AT A 25 B4k B, EAI17E Hough 7% [A] 1K) th £k
Yol [\ — . B RRN

p=xcosB+ysin 9, p>0, *g<6’<g (10)
X P AESREANES: 08P 5 x T,

A

YRR Hough %= [A]
4  Hough Befufer il B £k R ¥
Fig.4 The principle of Hough transform for line detection
A3, R OTA-CFAR ik, DUMIGHIME IR
ARECHA AR50 ALK R %, fR A Hough A2 Hy
%, R EARAERT TR] 2 IR b e R AL L T
s R, SRECH BRI ST A7

KRR # g €7 R OB

RIGHHERET 2016 FH I EkK. R
FrH UuvV wiEl 5 s, EEHTE 6 kn, KH UUV
P B Bz 0 B AR TR B, SR ORE AR
F,=30kHz. HrmEESLAS LR 125, 115,
105 dB [ #H#155. ¥ UUV s 1A 0°, Hbs
FEIRALT UUV 25 100°77 1), FEES Skm. Hbr/ihL
JitEEaE 6 fras.

5 W LRI R uuv
Fig.5 UUYV used in lake test

B 6 sk s miEsh, EF A K EH

bro B 7(a) A I 2N A, B 7(b)
XML OTA SHEHATH RIS AT iR . "
Aill, UUV PG RSN 6 R 1) H At
AL

0 50 100 150
TifLa/C)
6 HERTALHE
Fig.6 Target bearing-time map

-160
-165
-170 1
- -175 1
ﬁ -180
= -185
-190
-195 1
-200
-205

0 20 40 60 80 100 120 140 160 180
TILF/C)
(a) AR H

)5

Ak

i '40 2I0 4IO 6IO SIO 160 1I20 léllO I(ISO 180
TiIhLF/(°)
(b) OTA 41 J i) i HH
Bl 7 B % H OTA ¥y
Fig.7 Beam domain output and it’s OTA equalization result
X1 R i O SR O - R S
T AT R R Y A T 22 . A SC, At
BETCIRE R AL B T L=1 024, S5 R 30 bk
WAREE, X RFEER 2 1 s, HEEESEREA
12 MR T, ORIPEIRE 2 DR ETT, R 2
g, MEEA R 6 MSHEHIT, TIa R ARGy 2
ANERTG, BT BN B=0.1, fHEEARNZ R



150 oo HOR 2020 4F
Kl 8 AT o

B 8 RERZAS00H 1), RARNNRE 4 45 i
BRI, L 30 MILKKIE AW,

@), TEIZNEWN, g B AT,
JLAE Hough 75 (A (RS 4 P 9(b) iz, AT LA DL 5
ANHE ML, BN 9)F ) 5 4 HE%L. #E
K P PR P s A T TRR A 25(RIE ] — 26 L4k L,
HAR I 25 IREA 1), iz s B ) B 2R OR B
HARMBELMER, SA&Rgs £k 10 Fiox.
HE 10 ATRLAEH, S5 8 Mk, KEaEZEOs
kR .

0 50 100 150
TiL /()
8 OTA-CAFR #ill4h
Fig.8 The detection results of OTA-CFAR detection

50 100 150 -50 0 50
BORS 0/(°)
(a) Hdni (b) Hough A5t
9 Hough 7254 )5 FAE I 2%
Fig.9 The detection results by using Hough transform

160
140
120
100
80
60
40
20

A

0 50 100 150
Tihifase)
B 10 SR PG A R e i o5k R
Fig.10 False alarm reduction with ‘tracking before
detection’ algorithm

XK RS & H M TR, 5 RE
SR T5 IEAN T L A BB, ARSCER I T —
FEET OTA-CFAR SHiErE EAGM Ik, 1%k
FIFH OTA Syt 15 5t i b T M, SR 7 -
(] — 4225 T AT T 5ol S Guit- Al v R G e
RS W A, IR R FHAS I A R R 1 7 X R R
O L SEIG SRR, %O R AT A 1
BRI S T, SWIMBATEMNE B E EK
W, KPR R, A SR,

2 £ X W

(11 4%, i, A, J7Z3EF I e R el 4 0], ot 5
#il, 2012, 19(9): 59-62.

XU Cong’an, JIAN Tao, HE You. Variance and mean square ratio
CFAR detector[J]. Electronics Optics and Control, 2012, 19(9):
59-62.

[2] AR, Bt ARENJRBE SN E R RO TR, ik
Rl 5HA, 2015, 13(2): 183-189.

HAO Kaili, YI Wei. CFAR detection based on kernel density es-
timation under background unknown[J]. Radar Science and Tech-
nology[J]. Radar Science and Technology, 2015, 13(2): 183-189.

[3] RICHARDS M AGE). i&fi o asatiM]. M. Jbnt
L Tk R, 2012: 260-287.

RICHARDS M A(U.S.A.). Fundamentals of radar signal pro-
cessing[M]. XING Mengdao, translate. Beijing: Publishing House
of Electronics Industry, 2012: 260-287.

[4] HIH. BRI HRIE: FRIE TS L, 2009.
TIAN Tan. Sonar technology[M]. Harbin: Harbin Engineering
University Press, 2009

[51 ZAIMBASHI, AMIR. An adaptive averaging-based CFAR detec-
tor for interfering targets and clutter-edge situations[J]. Digital
Signal Processing, 2014, 31: 59-68.

[6] ROHLING H. Radar CFAR thresholding in clutter and multiple
target situation[J]. IEEE Transactions on Aerospace and Electronic
Systems, 1983, 19(4): 608-620.

[7] B, BEW. F5l 54 Ee M. Jbat e R
#k, 2005: 452-458.

ZHAO Shujie, ZHAO Jianxun. Signal detection and estimation
theory[M]. Beijing: Tsinghua University Press, 2005: 452-458.

[8] WOLCIN J J. On the statistical properties of noise background
equalization schemes[J]. NUSC Technical Memo, 1978, 76:
1738-1742.



