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ABSTRACT

The small far infrared target of ship in surge interference is easy to have visual deviation causing the low accuracy of
target positioning and the bad target identification performance. In order to improve the accuracy of far small infrared
targets recognition of ship under surge interference, this paper proposed far small infrared target recognition algorithm
of ship based on distributed target position estimation and DOA location in computer vision model for constructing
coherent distributed source array model of far small infrared target distribution of ship. This algorithm used MUSIC
algorithm for the beamforming processing of far small infrared target echo model of ship. Combined with the adaptive
filtering algorithm we carried out the surge interference suppression and the estimation of central direction of arrival
and angle spread of far small infrared target of ship through multidimensional spectrum peak searching algorithm,
realizing the joint estimation of distance of ship target, DOA and frequency parameters, so as to realize the accurate
positioning and recognition of targets. Simulation results show that using this method for the far small infrared target
recognition of ship under surge interference, the spectral peak sharpness of spectral peak search of target position is
high, side-lobe suppression performance is good, which shows the high accuracy of target position estimation and
location, the accuracy and anti-interference performance of far small infrared target recognition of ship is good, and

has superior performance.
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INTRODUCTION

Modern war is a high-tech war. The development of ship
target recognition technology is relatively slow. Besides
the high degree of military secrecy, the background of the
underwater environment is extremely complex. The impact
of environmental interference on the working performance
of underwater weapon systems and ship target recognition
can not be ignored [1].

Ship target recognition is divided into active recognition
and passive recognition according to the guidance
performance of assault weapon. the ship far small infrared
target recognition uses a variety of parameters of target
information as feature vectors [2-4], such as in ship small
far infrared target recognition, reflection echo of ship target

is the function of the target type, distance and direction,
which includes the characteristics information such as echo
broadening, amplitude, phase, reflection coeflicient, target
scale, energy spectrum [5]. Common signal features are:
AR model parameters, Fourier power spectrum, wavelet
transform parameters. Combined with DOA target location
analysis and beamforming method [6-10], we achieve accurate
positioning detection and identification of ship targets. For
passive target recognition of ship radiated noise, the method
includes LOFAR spectrum and the high order spectrum [11].
The feature extraction of nonlinear feature of ship radiated
noise mainly uses the fractal, limit cycles, chaos and other
new mathematical methods. For above methods under surge
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interference, the identification accuracy is not high, the
stability is not good [12].

Aiming at the above problems, this paper proposed
far small infrared target recognition algorithm of ship
based on distributed target position estimation and DOA
location in computer vision model for constructing coherent
distributed source array model of far small infrared target
distribution of ship. This algorithm used MUSIC algorithm
for the beamforming processing of far small infrared target
echo model of ship. Then, combined with the adaptive
filtering algorithm we carried out the surge interference
suppression and the estimation of central direction of
arrival and angle spread of far small infrared target of
ship through multidimensional spectrum peak searching
algorithm, realizing the joint estimation of distance of ship
target, DOA and frequency parameters, so as to realize the
accurate positioning and recognition of targets. Finally, we
took the actual ship target information collected data as
the test sample for identification performance test, which
shows the superior performance of the proposed method in
improving the accuracy of ship target recognition, and got
the effectiveness conclusion.

ARRAY MODEL OF SHIP FAR SMALL
INFRARED TARGET DISTRIBUTION

SHIP FAR SMALL INFRARED TARGET DISTRIBUTED
MODELING

In the actual environment, the target will occupy a certain
volume, so this does not idealize itself into a single point in
the space. For such target, the received signal is no longer the
echo of a single point source, but rather the superposition
of multiple spatially similar point source echoes. Such target
is called a distributed target [13-15]. We construct near field
source model of ship target echo, assuming that equidistant
line array which is composed of N =2P array elements
receives | near field sources, as shown in Fig. 1.

Fig. 1. Uniform linear array target distribution model of near infrared source
of ship far small infrared target.

Let the array element coordinates of the ship far small
infrared target at the center of the array be 0, taking it as the
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phase reference point, then the echo signal of the receiving
ship target of the m-th array element can be expressed as:

|
Xo () =D s; ()’ +n (t),—p+l<m<p @

i=1

Among them, S;(t) is the complex envelope of the ith far
small infrared target source of ship. X, (t) is the observation
signal received by the array element m. N, (t) is the additive
noise on the element m. @,; is the phase difference of the
sourcel signal received by the element m relative to the
reference element. The analytic expression of @,; is not
difficult to get:
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Among them, I;, & is the distances of the ith near field
source (relative to the reference element) and the DOA of
the ship far small infrared target to be estimated, and A is
the wavelength of the source d is the array element interval.

P = V;M+ M’ (3)
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Thus, the time delay phase diftference is composed of two
parts: the first is the linear term of array elements location,
which is same as general far-field signal model; the second
is the quadratic nonlinear term of array elements location,
which is determined by DOA and distance parameters, this
term increases with the decrease of near field sources [16],
otherwise, when the distance tends to infinity, the nonlinear
term is zero, the formula (3) degenerates into to far-field signal
time delay difference model.

The N-dimension vector x(t) is used to represent the ship
far small infrared target array output data vector, thus:

x(t)=As(t)+n(t) (5)
Among them,

X(t) = [X7p+1 (t): X pi2 (t)’ e Xp (t)]Lxl (6)

s =[5,(1),5, (1), (O] @

n() =[N .1 (0), Np.p (), (O ®)

A=[a(apE)'a((gz,rz),""a(ﬂ:rl )]N><I 9)



a(6,n) =[exp(j[ (-P+1)y, + (-P+1)4 ).exp(i[ (-P+2)y, + (-P+2)’4, )
<, exp(i[ Py, + P4 Dl

(10)

Among them,1<i <1, the I -th column vector a(é,, )
of the matrix A is called the direction vector of the sourcel
signal of the ship far small infrared target (also called rudder
vector). The matrix A is called the direction matrix of the array
(or response matrix). It can also be called the array manifold.
The information of the ship far small infrared target can be
used to determine the direction vector.

The distance I' of the near field source of ship far small
infrared target distribution relative to array center can be
approximated:

r<2D%/ 24 a

Among them, D is the maximum aperture of the
receivingarray. A =c/ f indicates the operating wavelength
corresponding to the central frequency f of the source.

A COHERENT SOURCE OF TARGET LOCATION
RECOGNITION

Its covariance matrix is:
R =E[2(1)2()" |=R.(v)+R, (12)
Among them,

Rs( =iij‘ﬂ,ﬁ/zzj‘”;i/zz

i=1
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(13)
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is called the angle cross-correlation kernel, it reflects the
degree of correlation between the echo signal in different angles.
If the components of direction of arrival between different
distribution source isirrelevant [19], the angle cross-correlation
kernel can be simplified to p; (9 0wy, ) =p, ((9 0y, )5'
this shows that angle cross-correlation kernel is zero ati # j,
p; (6’ 0y, )5, = L CADE (0 v, )}s called angle cross-

correlation kernel o the ith distribution source. At this time,
w2 ol . s
.[7!/2-‘- 7/2 p' 96 l//') ( )d@d@

In surge 1nterference, for the coherent source in
source, S(H; v, ) =79 (9; l//i) , 7; is the random variable.
9(6;y;) is deterministic complex valued function. For
coherent sources, the autocorrelation kernel of the angle is
p(@,@l;y/) =ng (9,1//) g (9,://) ,among them7 = E[W*}
For the distribution source of signals incoherent from different
angles in the same target, the autocorrelation kernel of the

angleis p(@, 9';1//) = p(6’;l//)5(6’—9v), p(6;y)is called the

angle power density of the distribution source. At this time,

the covariance matrix of sh1p far small infrared target echo

Zj”//z p(0:p,)a" (6)do.

For modeling, the target model of related source is divided
into coherent source model and partial correlation source
model [20].

The so-called coherent source is that there is a strong
correlation between the signals from different directions
in the same target body. The angular density function
s, (0—6,,t) can be expressed as:

signal: R, (

$(0-0,1)=5 (1), (0-0) a9

s, (t) is the random signal, usually, the distribution of
distributed targets is symmetrical. Then supposing that
(oF (9 9) is the deterministic function taking 6 as the
symmetry center with a single peak. g;(6—6,) which
satisfies J-” o} (9 -6, )d 0 =1 is called distribution function
of the angillar signal of the I -th distributed target signal
source, 6, is the central direction of arrival of the distributed
target, which is the parameter to be estimated. When the
mathematical form of the angular signal distribution function
o} (0 -6, ) (e.g., Gaussian distribution) is known, its shape is
determined by unknown distributed parameters, and the
observation data Z (t) ofarray at t time can be represented as:

=350 (8)+n(0) (19)

i=l

Among them, b (6) is the direction vector of ith
distributed target, which can be expressed as:

b(6)=]"a(e)g (6-6)de an

Among themi=12,..,p, pis the distributed target
number. b, (6, ) is determined by the mathematical form of
angular signal distribution function of ship far small infrared
target signal source and unknown distributed parameter,
which is M-order direction vector. M is array element number

of ship far small infrared targets in the array manifold vector.
From J' 6 0, )d9 1, we can see the first element of the
direction vector b (6,)is 1. When g, (6-6,)isthe 6(6-6,)
function, b, (6, ) = a(®), the distributed ship far small infrared

target is degraded into point target [21].

The direction vector of the distributed target is obtained,
andb; (6, ) can also be understood as a generalized array flow
pattern. b (6,) is known, we can construct the model of the
array receiving data by following formulas:

a(ﬁ) _ |:1 g i2ntdsin(O)/c - j2:2xfdsin(0)/c exp—j(M ~1)-27 fdsin(0)/c
(18)
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f is the center frequency of signal. ¢ is the acoustic velocity.
d is the array element spacing.

At this time, the generalized flow pattern vector of
the distributed source model that the the angular signal
distribution function is Gaussian distribution can be obtained
by formula (17):

—62 2 _: : (M 1) 52 IRTIVIE :
bi (9)2[1,6 %1/ e Jerfdsm(H)/c,m,e (M 1)%/26 jm 1)2;rfdsm(6)/cj|

(19)

Then the mathematical model of array reception can be
obtained according to (16).

BEAMFORMING OF MUSIC ALGORITHM
AND TARGET ECHO

IMPROVEMENT OF MUSIC ALGORITHM

Raich R proposed MUSIC (Multiple Signal Classification)
algorithm, this algotithm is basic algorithm for target
beamforming and orientation positioning recognition[22].
In this paper, the traditional one-dimensional MUSIC method
is extended to two-dimensional MUSIC method, realizing
the joint estimation of the near field source distance and
azimuth angle two-dimensional parameters of the ship far
small infrared targets [23]. According to above geometry
model of coherent distribution of ship target and the basic
assumption of parameter estimation, the covariance matrix

R, of observation signal is defined as:

R, = E{x(0)x" (1)} = AE{s()s" ()} A" + E{n()n" ()} = AR A" +R,

(20)

Among them, R, is the H matrix. The rank is N . R is
the covariance matrix of signal. The rank is | . R, =o?l,
is the noise covariance matrix. | is the N x N unit matrix.
For finite length sample, t=1,2,---,K , K is the number
of snapshots (snapshots, i.e. a sampling point), R, can be
estimated following formula:

R =13 xox () o

x|+

We carry out the eigendecomposition on the covariance
matrix R, of the observation signal:

RV = AV 22

Among them, A = diag[p,, p,,* - py lis the diagonal matrix
consisting of the eigenvalues in descending order, that is:

2

PLZPZ 2P > Py =P, =Py =0 (23)

V =V, Yy, o,V V400 Yo, Yy ]is the eigenvector matrix
corresponding to the eigenvalue {p, } i<y the signal subspace
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and the noise subspace which are composed of eigenvectors
are respectively defined as:

V, =V, v,V ]Nx. Vi :[V|+1’VI+2""VN]Nx(N—I)

(24)

Using the orthogonality of the signal subspace V and the
noise subspaceV, , the formula (22) can be derived:

2
RV, =0V, 25)

Formula (18) postmultipliesV, , we get:
RV, =(ARA" +5%1 )V, (26)

Combining expressions (21) and formula (22), we can get:

H HA
A"VV HA=0 -

Therefore, the spectral function of the MUSIC method is:

P(O,r) = |aH (6,r)V,V,"a(o, r)|71 8

Among them, a(6,r) is all possible direction vector.
Through two-dimensional spectral peak search of azimuth
and distance for the spectral function P(@,r), the peak value
is the position information {49, ne } 1<i<; Of the near field source.

Using the improved MUSIC algorithm for the beamforming
processing of ship far small infrared target echo model [24],
we get the echo vector b(k) of ship far small infrared target
in surge interference, which can be expressed as the weighted
combination of each point source on the continuous direction,
that is:

b(k)=[" f(6.k)a(6)do 09

Among them, a(@) =[1,e im0 grizrsing  @miMwsind T g
the conventional M x1-order point source array flow pattern

vector. f (,k)isarandom angle-time weighting function.
BEAM FORMING ALGORITHM

Now, some parts of the relevant distribution source (PCD)
can be defined as the point target in a relatively short period of
observation interval, we use a weighted correlation function
for the formation of the autocorrelation function, which only
depends on the discrete time interval of ], and for the different
angle, they all are zero.

E[F(0.k)17(0 k+1) = (0.)5(0-0).VIeZ (3

71 (6,1) s the correlation function of f (8,k), which is
often called as the correlation kernel of the angle-time(ATCK).
In the beamforming, zero-time related ICD type and full time
related FCD type model can be regarded as the point target
of PCD type of additional conditions [25-27]. The decision
statistic of beam forming is obtained:



ICD: 7, (0,1)=y,(0)5(1),7:(6)=7:(6,0)
FCD:y,(0,1)=y,(0) VleZ -

From above formulas, we can see that the statistical
properties of the angular time weighting function f (6,k)
can influence the statistical properties of the channel vectors
of the PCD source. Forb(k), there is:

b(k)e N (0.4, R,),R, =R, (0)

Ry(N=E[b(k)b" (k+1)]={" 7, (6.1)a(6)a" (6)de
(32)

For the ICD and FCD sources, the channel vector can
also be described as the closed Gauss random vector of zero
mean complex values, corresponding to the ICD and FCD
distribution sources, and the correlation matrix of b(k) has
the following properties:

ICD: R, (1) = R,;;(R, (1) = E[b(k)b" (k)])
FCD:R,(I)=R, VleZ

(33)

From the above analysis, we can see that ATCK contains
the angular and temporal characteristics of the PCD source.
From the previous analysis about the ICD and FCD sources,
the focus of the study will be focused on how to determine the
ATCK model by a limited number of parameters. Specially,
ATCK can be written as:

i (00) =7, (011).6=[¢ 7] (34)

In order to easily understand the concept of PCD model, a
simple first-order autoregressive AR model is firstly proposed
for the channel vector of surge interference.

b(k) = ab(k-1)+v1-a?w(k) (35)

« represents the time correlation of two adjacent surge
interference channel vector sampling values, and driven
vector W(k) includes zero mean, independent identically
distributed complex valued Gaussian random vector, these
vectors are characterized by angular power density function
of Gaussian shape.

w(k) = N(0,.4.R,). R, =R, (0)
R, (1)=E[w(k)w (k+1)] )

g (002 }a(@)a“ (6)do

-["|s 1
| A2
In formulas, two parameters &, and A represent the mean
of angle and the angle standard deviation respectively.

SURGE INTERFERENCE SUPPRESSION FILTER
PROCESSING

On the basis of beamforming processing, the adaptive
filtering algorithm is used to suppress the surge interference,
and the filtering structure model of surge interference
suppression is constructed, as shown in Fig. 2.

x(k)

92 91

Z‘T Tz

o=

x(k+1)  x (k) x(k+1)
y(k) 1
cos 6,
™S
sin 0, - —sin 6,
0, l
]
~
cos @,

Fig. 2. Filtering structure of surge interference suppression.

The adaptive gradient algorithm is used for the adaptive
iteration, and the selection of 81(k) should minimize the
energy of output signal of filter, so y(k)y (k) is the minimum.
Here, “*”represents complex conjugate. Thus, the iterative
formula of the surge suppression filter of ship far small

infrared target recognition is obtained:

6,(k +1) = 6, (k) - uRe[y (k)" (k)] 37)

Among them, y is the parameter of the controllable
co&\sergence rate and accuracy, which is called step length.
P\%J s the difference of y(k) output to parameter 01(k), which
is called the gradient signal, and it is generated by the input
signal u(k) passing through the following transfer function:

P -1
H, (2) = (1+sing,) _ cos@l(k-)cosef _ _G(2)
cosd, 1+sing, (k)(1+sinb,)z™ +siné,z
(38)
Among them,
—gj —_ -2
G(z):l sin g, 1-z (39)

2 1+sing(k)L+sing,)z " +sin 6,z

For the convergence speed of acceleration algorithms,
the corresponding complex number algorithm is proposed
on the basis of this algorithm. The iterative formula of its
parameter 0, is

6,(k +1) = ,(k) - uRe[y(k)x; (k)] (40)
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Among them, X (K) is called a reduced gradient signal,
which is generated after the input signal U(K) passes through
the following transfer function:

-1
HL (2) = . cosel(k.) cosé’zj - .
1+sing,(k)(1+sind,)z " +sin 6,z

(41)

The filter output y(k) and the gradient signal ¢(k) can
be represented as

Y0=50+n0) 00)=5,0+n0)

5 (k) AAHeJ(QkJreH) S (k) AAH eJ(Qk+9HB

43

For gradient algorithms, A,, A, and 6, , 6, are the
amplitude response and phase response of the transmission
function of filter H(z) and H;(z) , respectively. Through
adaptive filtering, the suppression of surge interference in
ship far small infrared target recognition has been realized.

REALIZATION OF TARGET LOCATION
ALGORITHM AND COMPUTER
INTELLIGENT RECOGNITION OF SHIP
TARGET

MULTIDIMENSIONAL SPECTRAL PEAK SEARCH OF
SHIP FAR SMALL INFRARED TARGET INFRARED
TARGET

This paper proposed the ship far small infrared target
recognition algorithm based on distributed target
position estimation and DOA location [28,29]. Using the
multidimensional spectrum peak search algorithm for central
direction of arrival and extension angle estimation of far small
infrared target of ship, we build the distributed target signal
source model through a certain number of point target signal
source, and construct the VEC-MUSIC multidimensional
spectrum peak search algorithm. Supposing that there is a
narrowband distributed source. It consists of a large number
of scattering points around the source, the signal of receiving
end can be expressed as the vector form:

x(t)= s(t)nZ:yn (t)a(0+8,(t))+n(t)=s(t)v(t.0,0,)+n(t)
(44)

Among them, $(t)is the signal reflected from the ship far
small infrared target distributed source. y, is the random
gain of each signal, and @, is the random angle offset
relative to DOA. The probability density function of 0, is

p(H O'H) , and g, is the standard deviation of the random
angular offsetd . Assuming that the gain factor y, is
independent and zero mean, and E [|)/n| ﬁ 1/L .assuming
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that the receiving array is the uniform linear array, then

In addition, the above model can be described as an integral
form, and the array reception signal of the ship far small
infrared target positioning recognition can be expressed as:

x(t)=s(t)["7 s(t)v(t.6,0,)+n(t)

(45)

(5;t)a(9+67)dé+ n(t)=

y(é) is stochastic, and E[;/(g’l)y(ézﬂ = p(é;ao )5(671 - 52),
p (6’~ o ) can be understood as the spatial power distribution
of the distribution source.

In fact, the distributed model established by (45) can
be explained by the model (43) mentioned in the previous
section, and taking b( ) Jl (0 k)a( )dt9 in it, we can

obtain:
" f(0,k)a(0)do+n(k),keZ 46)

Compared with two formulas, it is not difficult to see that
both of described model is con51stent The ship target echo
signal vector s(t [S (t)] and noise vector
n(t) are independent random Vectors of zero-mean, and
through the multi-dimensional spectrum peak search, their
second moment are respectively:

E[ss'|=Ro(tk).E[nn |=0?1,8(tk) @D

Among them, &(t,k)is the kronnecker & function. Pis the
signal covariance matrix,and  is the M-order unit matrix.
0'”2 is the noise variance.

The covariance matrix of the observed data vector z(t)
can be represented as:

R=E[z(t)z" (t)]=BPB" +o7l, (48)

Amongthem, B = [bl (6,).b,(6, ) oo B (9q )JT, the singular
value of covariance matrix is decomposed into:

H
R=UAU" +U AU’ )

The column vectors of matrix U  and U are respectively
composed of singular values 0;,0,,...0,and corresponding
singular vectors of o, . Moreovero, 20, 2..20, >0, ,
supposing that there is no correlation between the different
distribution sources, namelyU b, ( ) =0, the orthogonality
of the direction vector and the noise subspace. By using this
method, we can obtain a multidimensional spectral peak
search method of DOA estimation method of ship far small
infrared targets:

f(¢)= = (50)




Supposing that the angular signal distribution function
of the distributed target source is known, and the specific
expression is determined by unknown parameter ¢, . ¢ is the
vector of multiple parameters. According to the formula (50),
the distributed target DOA and other unknown parameters
can be obtained by multi-dimensional parameter spectral
peak search.

JOINT PARAMETER ESTIMATION ALGORITHM OF
SHIP TARGET LOCATION

The multidimensional spectrum peak search algorithm is
the extension of the MUSIC algorithm in the estimation of
distributed target [30]. The theoretical basis is basically the
same. According to the principle, we carry out the central
direction of arrival and extended angle estimation of far
small infrared targets of ship. If the unknown parameters
of signal source only has two, namely the central direction
of arrival @ land expansion o; , the above method becomes
the solution of the minimization problem:

n n 1

(6,,0,)=argminb" (6,5)U,U"b, (6,0) (51)
For several common forms of distribution, they all satisfy:
b (Hi):q)(ai)hi (52)

Among them, the M -order diagonal matrix

(49) dlag( ( ))andM order vector h —J:”a(a)gi(e)da
can prove that if the signal source angle signal distribution
function 9;(0) is conjugate symmetric function, that is
g; (8) = g (=0), the vector hyis the real vector, thatishy € R"
, the vector is the real vector. Combined (52) formulas with
(3-8) formulas, the distributed target DOA becomes the

solution of the minimization problem as follows:

(6,0,)=argminh" " (§)U U D (9)h (53)

Let Q (9) =" (G)LjnUnH(I)(H) , we can see that the
minimum eigenvalue of the matrix Q (6) takes the
minimal value for the distributed target DOA. h(o; )is the
corresponding eigenvector, and it is the real vector. The matrix
Q, (8) is non negative conjugate symmetric matrix, and the
eigenvalues are non negative, so the the distributed target
DOA estimation corresponds to the spectral peak position
of the following spatial spectrum.

f, (0) = )]) (54)

By searching the minimum eigenvalue, one-dimensional
DOA estimation of the coherent distributed target is obtained.
For the common form of distribution source position
distribution, b (6,)=Ga(6,) , among them, G, is the M
-order diagonal matrix and G; = diag ([hll, S o ])is only
related to the distribution degree of the ship target, which

~10g10( Ay, [ Q (6

is not related to DOA of the target. When the distribution
of G is about the symmetrical distribution of &, all of
h,,h,,---,h,, are real numbers. The covariance matrix and
singular value decomposition of the observed data vector
can deduce BPB" =U_(A_-A_ W' | and thus B can be
transformed into B=U W , among them, is the ¢ x q -order
nonsingular matrix.
From the above analysis, we can get the following equation:
hi*lhze—jZn(d/i)sino, (ule) U;‘W
hi*zejo, hi3e—12x2;r(d/ﬂ)sm6*, _ (U;W) U:W

h

J(M=2)x2z(d/A)sin6, j(M-1)27(d/4)sin6, *
|(M—l)e h e (u;_lw) UGW
(55)
U, U,,...,Uy is the row vector of U, Wis i -th column

vector of W . Because h,,h,,....h,, arereal numbers, from
the above formula we can get:

(ur'w) uj'w (us'w) uy'w
(uy’ w)* u'w | _ g-izaa(e/apsing, | (ug W)* LW | g
(u;_lw)* uftw (u““,,w)* ult w
Which can also be expressed as:
ufwwu, , = e A wwHy, (57)

From above formulas, it only keeps the information which
is related to distributed object DOA, and does not keep the
information which is related to degree of distribution. Thus
positioning estimation algorithm of the ship far small infrared
targets based on the distributed target position estimation
and DOA location:

1) estlmate the covariance matrix of observed data

ZM

perform ‘the singular value decomposition on R, obtain

N is independent number of snapshots,

the number of signal subspace U, and number of distributed

target (.
u ®u;' u; ®u,’
T H T H
D Llet: B=|% ®UW | p_|U OU v =vec(ww")
T H T H
Uy, ®uy, Uy Uy,
(58)

The row vectors of U, are plugged into (57), and P, are
computed, and then the generalized eigenvalue decomposition
is computed:

Pl[vl,v ,qxq] dlag(al,az, qxq)P P[ v Vg

(59)
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We use ( phase angles of eigenvalues of model which is
close to 1 to estimate DOA of distributed ship targets, so as to
realize the joint estimation of the distance of ship target, DOA
and frequency parameters, then realizing the classification
recognition of ship target through computer recognition and
machine learning classification algorithm.

SIMULATION EXPERIMENT AND RESULT
ANALYSIS

In order to test application performance of the proposed
algorithm in realizing the positioning and recognition
of ship far small infrared targets, we need a simulation
experiment. The experiment uses Matlab 7 simulation
design, supposing that the point distribution model of ship
far small infrared targets is composed of the uniform line
array which is composed of 14 array elements. The array
element spacing is 0.25 times of minimum wavelength [31,32].
The signal source is two complex exponential signals with
equal power. The signal frequencies are respectively 200Hz,
100Hz. The sampling frequency is 2000Hz. The signal-to-
noise ratio is 10dB. Two far small infrared target signals of
ship are 10°and 30°. The number of snapshots is 200. The
replication number of experiment is 50 times. The distributed
target signal source reach to the array respectively from the
6, =4°,0, =7° direction of arrival. Expansion of two signal
source respectively is A, =1°,A, = 2°, and the signal to noise
ratio of surge interference is 10. The number of snapshots

of surge is 1000. The noises are white Gaussian noise and

Gaussian colored noise [33]. Gaussian colored noise is formed
272

l1-az'+az?’
among them,a, =2pcos(2zf / f),a, =p*,0<p<l p

through a two order AR model of H(z) =

is a coefficient responding spectrum width. According to
the simulation environment and parameter settings, the
searching results of the power spectrum of the ship’s far
small infrared target position estimation is obtained in surge
interference are shown in Fig. 3. In this paper, the location
search results after suppression of surge interference using
the proposed method are shown in Fig. 4.

Compared with Figures 3-4, we can see that using this
method for ship far small infrared target recognition, two
spectrum peaks are respectively corresponding to 10 degrees
and 30 degrees in horizontal ordinate, but they are different
between them. The accuracy of target location is not good
without surge interference suppression processing. From the
average results of 50 experiments.

We can see that through the surge interference suppression,
the spectral peak of target location estimation is much
sharper, and the position estimation of ship target is more
accurate which is easy to distinguish the signal which has a
small difference in the two azimuth angles, so as to effectively
achieve the accurate identification of ship far small infrared.
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Fig. 3. Estimation result of locating and searching power spectrum intensity of
ship target under surge interference.
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Fig. 4. Location search results after suppression of surge interference with using
the proposed method.

In order to compare the performance of different methods,
we further test the estimation results of azimuthal angle for
ship far infrared target localization in this method and the
traditional methods, and comparison results are shown in

Fig. 5.
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Fig. 5. Contrast results of azimuthal angle of ship far small infrared target
localization.
(a)Traditional two-dimensional MUSIC method (b) Proposed method in this

paper



Simulation results show that the corresponding abscissas
of the two spectrum peaks are 30 m and 60 m, and the
corresponding ordinates are 30 degrees and 10 degrees in
Fig. (a). The azimuth angle and distance of the two sources
can be seen more directly from (b). But there is the difference
between them. Compared with (a), we can see that the
spectral peak of Gauss white noise is more sharp than the
color noise environment. From (b) we can see that compared
with the white noise with the color noise environment, the
DOA estimation result of ship targets are more accurate, and
the estimation error is low. Therefore, using the computer
recognition method for target recognition of ship, the root-
mean-square error E comparison of the three kinds of ship
far small infrared target recognition is shown in Table 1. The
analysis of Table 1 shows that the error of proposed method
for ship target recognition is low, and has better accuracy.

CONCLUSIONS

The location recognition method of far small infrared
target recognition algorithm of ship was studied in this
paper. This paper proposed far small infrared target
recognition algorithm of ship based on distributed target
position estimation and DOA location in computer vision
model for constructing coherent distributed source array
model of far small infrared target distribution of ship. This
algorithm used MUSIC algorithm for the beamforming
processing of far small infrared target echo model of ship.
Combined with the adaptive filtering algorithm we carried
out the surge interference suppression and the estimation
of central direction of arrival and angle spread of far small
infrared target of ship through multidimensional spectrum
peak searching algorithm, realizing the joint estimation of
distance of ship target, DOA and frequency parameters,
so0 as to realize the accurate positioning and recognition
of targets. Simulation results show that using this method
for the far small infrared target recognition of ship under
surge interference, the spectral peak sharpness of spectral
peak search of target position is high, side-lobe suppression
performance is good, which shows the high accuracy of
target position estimation and location, the accuracy and
anti-interference performance of far small infrared target
recognition of ship is good. Through the computer recognition
method, we achieves smaller errors of far small infrared target
recognition of ship, improving the accurate recognition ability

of ship target, and it has good application value of realizing
the precision strike of ship target.
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