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Abstract—This article addresses the multi-channel integra-
tion detection issue of high-speed maneuvering weak targets
in airborne coherent multi-input multi-output (MIMO) radar.
Coherent MIMO radar can significantly improve the detection
performance through joint intra-channel and multi-channel fu-
sion processing. Nevertheless, the range migration (RM) and
Doppler frequency migration (DFM) are resulted from high-
speed motion, and the envelope and phase differences among
multi-channels are challenging. To address these limitations, we
propose a multi-channel integration approach in generalized
Radon-Fourier transform (GRFT) domain. First, the system and
signal models are established. GRFT is utilized to accumulate
intra-channel energy. Then, we construct a set of coupled equa-
tions, and estimate the target’s position, speed and acceleration
with the Newton-Raphson algorithm and solving linear equations.
Based on the estimated outputs, the envelope alignment and
phase compensation functions are constructed to eliminate the
differences across channels. After that, the multi-channel fusion
is realized in GRFT domain. The superiority of the proposed
approach is shown via simulations.

Index Terms—MIMO radar, high-speed maneuvering target,
coherent integration

I. INTRODUCTION

Coherent multi-input multi-output (MIMO) radar has re-

ceived increasing attention because of its advantages in tar-

get parameter estimation and integration detection [1]–[4].

Compared to the monostatic radar, coherent MIMO radar can

enhance the detection performance for high-speed maneuver-

ing targets by signal-level fusion processing of multi-channel

echoes [5]. However, target’s high-speed motion induces range

migration (RM) and Doppler frequency migration (DFM) in

intra-channel echoes [6], [7]. In addition, due to the geometric

differences of radar nodes relative to the target, the target’s

radial motion parameters over different nodes are different.

Further, the envelope and phase differences across channels

pose a challenge to multi-channel fusion. These issues seri-

ously degrade the target detection performance.
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For intra-channel integration and fusion detection of the

high-speed target, many excellent methods have been proposed

in the past decade [7]–[11]. They could be divided into

two kinds: non-coherent and coherent fusion approaches. The

former usually sacrifices the accumulated performance at low

signal-to-noise ratio (SNR) to obtain faster computational

efficiency. However, for weak target detection, non-coherent

accumulation may not be acceptable. The latter generally

adopts the keystone transform (KT) [6], [7], [10] and Radon

methods [8], [9], [12] to realize multi-pulse integration. In

particular, generalized Radon-Fourier transform (GRFT) is an

excellent algorithm with no obvious integration loss [9].

In addition to integrating intra-channel returns, another

feasible strategy is to perform joint processing and fusion

multi-channel echoes for MIMO radar [13]–[15]. The accu-

mulation algorithm using signal reconstruction is proposed

for stationary targets in [16]. The methods based on entropy

and searching are presented for moving targets in [17] and

[18], respectively. Nevertheless, the above algorithms do not

consider the target’s maneuverability. Therefore, it is crucial

to address the multi-channel accumulation of high-speed ma-

neuvering targets.

In this article, we propose a multi-channel fusion approach

in GRFT domain. First, the geometric models of the high-

speed maneuvering target and the MIMO radar are estab-

lished. Then, GRFT is utilized to accumulate target energy of

multi-pulse echoes. After that, we construct a set of coupled

equations about the target kinetic parameters, and estimate

the target’s position, speed and acceleration by the Newton-

Raphson algorithm and solving linear equations. Based on

the estimated outputs, the envelope alignment and phase

compensation functions are constructed to eliminate the dif-

ferences across channels. Finally, the integration of multi-

channel returns is realized in GRFT domain. Simulation results

demonstrate the superiority of the proposed approach.

II. SYSTEM AND SIGNAL MODELS

A. System Model

Considering that the airborne coherent MIMO radar in-

cludes M radar nodes in a 3-D Cartesian space, as shown in



Fig.1. In addition, we suppose that each radar node is a pulse

Doppler radar system, and can transmit and receive signals

simultaneously.

Fig. 1. The configuration of coherent MIMO radar.

The target’s position, speed and acceleration are de-

noted as Θ = [x0, y0, z0]
T, v = [vx0, vy0, vz0]

T and

a = [ax0, ay0, az0]
T, respectively. The (·)T represents the

transpose operation. Moreover, let Θm = [xm, ym, zm]T,

vm = [vxm, vym, vzm]T and am = [axm, aym, azm]T,

m = 1, · · · ,M be the m-th radar node’s position, speed and

acceleration, respectively.

The instantaneous distance vector between the m-th trans-

mitting node and the target could be given by

r
t
m (tk) = r

t
m + (vm − v) tk +

1

2
(am − a) t2k, (1)

where r
t
m = Θm −Θ represents the initial range vector from

the m-th transmitting node to the target, tk, k = 1, 2, · · · ,K
denotes the slow time with the pulse number K .

Similarly, the instantaneous range vector from the n-th

receiving radar node for n = 1, · · · ,M to the target is

r
r
n (tk) = r

r
n + (vn − v) tk +

1

2
(an − a) t2k, (2)

where r
r
n = Θn − Θ is the initial range vector between the

n-th receiving node and the target.

Further, the equivalent distance of the (n,m) receive-

transmit channel could be written as

rnm (tk) = ‖rrn (tk)‖+
∥

∥r
t
m (tk)

∥

∥ , (3)

where ‖ · ‖ denotes the Euclidean norm.

Substituting (1) and (2) into (3), the Taylor expansion of

‖rtm(tk)‖ and ‖rrn(tk)‖ at tk = 0 can be given by

∥

∥r
t
m (tk)

∥

∥ ≈rtm + vtmtk + atmt2k + o
(

t2k
)

, (4a)

‖rrn (tk)‖ ≈rrn + vrntk + arnt
2
k + o

(

t2k
)

, (4b)

where rtm and rrn represent respectively the initial transmitting

and receiving ranges, which can be denoted as

rtm =
∥

∥r
t
m

∥

∥ = ‖Θm −Θ‖ , (5a)

rrn = ‖rrn‖ = ‖Θn −Θ‖ , (5b)

vtm and vrn denote the relative transmitting and receiving

speeds, respectively. We have

vtm =(Θm −Θ) · (vm − v) / ‖Θm −Θ‖ , (6a)

vrn =(Θn −Θ) · (vn − v) / ‖Θn −Θ‖ , (6b)

atm and arn are the relative transmitting and receiving acceler-

ations, respectively. We can obtain

atm =
(

‖vm − v‖2 + (Θm −Θ) · (am − a)
)

/
(

2
∥

∥r
t
m

∥

∥

)

− ((Θm −Θ) · (vm − v))
2
/
(

2
∥

∥r
t
m

∥

∥

3
)

, (7a)

arn =
(

‖vn − v‖2 + (Θn −Θ) · (an − a)
)

/ (2 ‖rrn‖)

− ((Θn −Θ) · (vn − v))
2
/
(

2 ‖rrn‖3
)

, (7b)

where v · v indicates the vector dot product. Substituting (4)-

(7) into (3), the instant distance of the (n,m) receive-transmit

channel could be rewritten as

rnm (tk) = rtm + rrn +
(

vtm + vrn
)

tk +
(

atm + arn
)

t2k, (8)

where rtm + rrn, vtm + vrn and atm + arn denote the equivalent

initial distance, speed and acceleration, respectively.

B. Signal Model

The transmitting orthogonal signal is orthogonal frequency

division multiplexing-linear frequency modulation signal.

Specifically, the transmitting signal of the m-th node is

sm(t) = pm(t) exp (j2πfct) , (9)

where fc denotes the radar carrier frequency, pm(t) denotes

the transmitting waveform of the m-th node, we have pm(t) =√
E rect

(

t
Tp

)

exp
(

j2π
(

(m− 1)∆ft+ 0.5µt2
))

, where E

is the transmitting energy, t represents the fast time, rect(·)
denotes the rectangular window function. ∆f is the stepped-

frequency, µ = B/Tp is the chirp rate with B indicating the

bandwidth and Tp representing the pulse duration. Then, the

echo of the (n,m) receive-transmit channel is formulated as

ỹnm (t, tk) = βnmsm

(

t− rnm (tk)

c

)

, (10)

where c is the light speed and βnm denotes the propagation

coefficient of the (n,m) receive-transmit channel [14], βnm =
√

Gn,rGm,tλ2

(4π)3(rrn)
2(rtm)2

, where Gn,r and Gm,t denote the antenna

gain of the n-th and the m-th nodes, respectively. λ = c/fc
is the signal wavelength.

Then, the receiving signal ỹn(t, tk) of the the n-th radar

node is ỹn (t, tk) =
∑M

m=1 ỹnm (t, tk). It can be seen that

ỹn(t, tk) includes M radar node echoes. After performing

down-conversion, the signal could be given by

ȳn (t, tk) =

M
∑

m=1

βnmpm

(

t− rnm (tk)

c

)

exp

(

−j2πfc
rnm (tk)

c

)

.

(11)

For MIMO radar, we need to construct matching filter to

separate echo signals. The m-th matching filter is denoted as



ωm(t) = p∗m(−t),m = 1, 2, · · · ,M , where the (·)∗ represents

the conjugate operation. Then, the result of the m-th matching

filter at the n-th receiving radar node is

ynm (t, tk) =

∫

∞

−∞

ȳn (ξ, tk)ωm(t− ξ)dξ

=βnmE sinc

(

πB

(

t− rnm (tk)

c

))

exp

(

−j2πfm
rnm (tk)

c

)

,

(12)

where sinc(x) = sin (x)/x and fm = fc + (m− 1)∆f .

Let r = ct/2, and substituting (8) into (12), we can obtain

ynm (r, tk) = βnmE sinc

(

π

(

r − (rtm + rrn) /2

ρr

−
(

(vtm + vrn) tk + (atm + arn) t
2
k

)

/2

ρr

))

× exp

(−j2π ((vtm + vrn) tk + (atm + arn)t
2
k)

λ

)

× exp

(−j2πfm (rtm + rrn)

c

)

,

(13)

where ρr = c/(2B) denotes distance resolution.

III. COHERENT INTEGRATION APPROACH

In this section, GRFT is first utilized to accumulate the

high-speed maneuvering target energy of the intra-channel

returns. After that, a multi-channel fusion approach based on

target parameter estimation is proposed in GRFT domain. The

algorithm framework is presented in Fig.2.

Fig. 2. Framework of the multi-channel fusion.

A. Intra-Channel Accumulation With GRFT

By matching the real motion trajectory of the target, the

target’s energy can be accurately integrated through GRFT.

The GRFT searching parameters of range, speed and ac-

celeration are written as [−rmax, rmax], [−vmax, vmax] and

[−amax, amax], respectively. The number of searching cells

could be calculated by Ñr = round (2rmax/∆r) , Ñv =
round (2vmax/∆v), and Ña = round (2amax/∆a), respec-

tively. The round(·) indicates the rounding to the nearest

integer. The ∆r, ∆v and ∆a are the searching intervals of

range, speed and acceleration, respectively.

As a result, the discrete indexes of the range, speed and

acceleration are given by

rs(ε) = −rmax + ε∆r, ε = 1, 2, · · · , Ñr, (14a)

vs(γ) = −vmax + γ∆v, γ = 1, 2, · · · , Ñv, (14b)

as(χ) = −amax + χ∆a, χ = 1, 2, · · · , Ña. (14c)

The intra-channel accumulation of ynm (r, tq) by GRFT is

expressed as (15). When searching parameters match target’s

equivalent kinetic parameters. (15) could be rewritten as

Gnm (rs (εnm) , vs (γnm) , as (χnm))

≈βnmKE sinc
(

π
(

rs (εnm)− rtm − rrn
))

× δ
(

vs (γnm)− vtm − vrn
)

× δ
(

as (χnm)− atm − arn
)

× exp

(−j2πfm(rtm + rrn)

c

)

,

(16)

where δ(·) denotes the Dirichlet function, rs (εnm) = rtm+rrn,

vs (γnm) = vtm + vrn and as (χnm) = atm + arn. There-

fore, the integrated peak position of target is located at

(εnm, γnm, χnm) in the GRFT domain for the (n,m) receive-

transmit channel.

B. Target Parameter Estimation

In this subsection, the detailed procedure of the target

parameter estimation is provided, including the coupling equa-

tion construction and solution.

1) Coupling equation construction: We utilize the

relationship between target’s peak positions in GRFT

domain and the real target motion parameters to establish

the coupled equations. For the (m,m), (n, n) and (i, i)
receive-transmit channels, the focused peak points in

GRFT domain are (rs (εmm) , vs (γmm) , as (χmm)),
(rs (εnn) , vs (γnn) , as (χnn)), (rs (εii) , vs (γii) , as (χii)),
respectively. Then, for convenience, we denote

rs = [rs (εmm) , rs (εnn) , rs (εii)]
T ∈ R

3×1,

vs = [vs (γmm) , vs (γnn) , vs (γii)]
T ∈ R

3×1 and

as = [as (χmm) , as (χnn) , as (χii)]
T ∈ R

3×1.

Gnm(rs(ε), vs(γ),as(χ)) =

K
∑

k=1

βnmE sinc

(

π

(

(

rs (ε)− rtm − rrn
)

+
(

vs (γ)− vtm − vrn
)

tk +
(

as (χ)− at
m − ar

n

)

t2k
)

ρr

))

× exp

(

−j2πfm(rtm + rrn)

c

)

exp

(

j2π
(

vs (γ)− vtm − vrn
)

tk

λ

)

exp

(

j2π
(

as (χ)− at
m − ar

n

)

t2k
λ

)

ε = 1, 2, · · · , Ñr; γ = 1, 2, · · · , Ñv;χ = 1, 2, · · · , Ña.

(15)



as (χmm) =





(vxm − vx0)
2 + (xm − x0) (axm − âx0)

+ (vym − vy0)
2 + (ym − y0) (aym − ây0)

+ (vzm − vz0)
2 + (zm − z0) (azm − âz0)



 / (2rs (εmm))−
(

(xm − x0) (vxm − vx0)
+ (ym − y0) (vym − vy0)
+ (zm − z0) (vzm − vz0)

)2

/
(

2 (rs (εmm))
3
)

.

(21)

ba(1) =

[

((xm − x0) (vxm − vx0) + (ym − y0) (vym − yx0) + (zm − z0) (vzm − vz0))
2 / (rs (εmm))2 + 2as (χmm) rs (εmm)

− (vxm − vx0)
2
− (xm − x0) axm − (vym − vy0)

2
− (ym − y0) aym − (vzm − vz0)

2
− (zm − z0) azm,

]

.

(23)

According to (5), the expression for the peak locations of

GRFT outputs and the target positions can be expressed as


















2
∥

∥

∥Θm − Θ̂

∥

∥

∥ = rs (εmm)

2
∥

∥

∥Θn − Θ̂

∥

∥

∥ = rs (εnn)

2
∥

∥

∥Θi − Θ̂

∥

∥

∥ = rs (εii) ,

(17)

where Θ̂ = [x̂0, ŷ0, ẑ0]
T ∈ R

3×1 is the estimated target

position.

In addition, as shown in (6), we can also achieve the

relationship between the speed of GRFT results, and the

kinetic parameters of the target and radar nodes, i.e.,














































vs (γmm) = 1
rs(εmm)





(xm − x0) (vxm − v̂x0)
+ (ym − y0) (vym − v̂y0)
+ (zm − z0) (vzm − v̂z0)





vs (γnn) =
1

rs(εnn)





(xn − x0) (vxn − v̂x0)
+ (yn − y0) (vyn − v̂y0)
+ (zn − z0) (vzn − v̂z0)





vs (γii) =
1

rs(εii)





(xi − x0) (vxi − v̂x0)
+ (yi − y0) (vyi − v̂y0)
+ (zi − z0) (vzi − v̂z0)



 .

(18)

Further, the matrix form of (18) could be given by

Cvv̂ − bv = 0, (19)

where Cv =
[

c
v
x, c

v
y, c

v
z

]

∈ R
3×3 is defined as

(20), v̂ = [v̂x, v̂y, v̂z]
T ∈ R

3×1 indicates the esti-

mated target speed, bv ∈ R
3×1 denotes the coeffi-

cients, and bv(1) = [vs (γmm) rs (εmm)− (xm − x0) vxm −
(ym − y0) vym − (zm − z0) vzm], where bv(1) represents the

1-st element of bv . Similarly, for radar nodes n and i, we can

achieve bv(2) and bv(3), respectively. 0 ∈ R
3×1 is a zero

column vector.










c
v
x =

[

x0 − xm x0 − xn x0 − xi

]T ∈ R
3×1

c
v
y =

[

y0 − ym y0 − yn y0 − yi
]T ∈ R

3×1

c
v
z =

[

z0 − zm z0 − zn z0 − zi
]T ∈ R

3×1.
(20)

As described in (7), the acceleration equation between the

GRFT outputs and the target and radar motion parameters

could be expressed as (21) for the node m. Then the similar

expression for nodes n and i can also be obtained. The matrix

expression could be expressed as

Caâ− ba = 0, (22)

where â = [âx, ây, âz]
T ∈ R

3×1 is the estimated target’s

acceleration vector, ba ∈ R
3×1 is the acceleration equation

coefficients and the ba(1) is denoted (23). Substituting n and i,
we can get ba(2) and ba(3), respectively. Ca =

[

c
a
x, c

a
y, c

a
z

]

∈
R

3×3 and are denoted as










c
a
x =

[

x0 − xm x0 − xn x0 − xi

]T ∈ R
3×1

c
a
y =

[

y0 − ym y0 − yn y0 − yi
]T ∈ R

3×1

c
a
z =

[

z0 − zm z0 − zn z0 − zi
]T ∈ R

3×1.
(24)

So far, we obtain coupled equations over the target location,

speed and acceleration, as described in (17), (19) and (22).

2) Coupling equation solution: The algorithm for solving

the coupling equations is presented in this subsection.

Position Estimation: For the estimated position, the (17) can

be rewritten as






















%
(

Θm, Θ̂, rs (εmm)
)

= 2
∥

∥

∥Θm − Θ̂

∥

∥

∥− rs (εmm)

%
(

Θn, Θ̂, rs (εnn)
)

= 2
∥

∥

∥
Θn − Θ̂

∥

∥

∥
− rs (εnn)

%
(

Θi, Θ̂, rs (εii)
)

= 2
∥

∥

∥Θi − Θ̂

∥

∥

∥− rs (εii) .

(25)

(25) is a set of nonlinear equations with respect to Θ̂. We

solve it by means of Newton-Raphson algorithm [19]. Finally,

we can achieve the estimated target position Θ̂ = [x̂0, ŷ0, ẑ0]
T

.

Velocity Estimation: Substituting Θ̂ into Cv and bv , the Ĉv

and b̂v could be estimated. Then, (19) can be recast as

Ĉvv̂ − b̂v = 0. (26)

Considering that radar nodes are independent of each

other. Consequently, we can obtain det(Ĉv) 6= 0, where

det(·) denotes the matrix determinant. After that, the v̂ =

[v̂x0, v̂y0, v̂z0]
T

could be expressed as v̂ =
(

Ĉv

)

−1

b̂v .

Acceleration Estimation: We substitute Θ̂ and v̂ into (22)

and have

Ĉaâ− b̂a = 0. (27)

Then, the acceleration â = [âx0, ây0, âz0]
T

could be esti-

mated by (27), i.e. â =
(

Ĉa

)

−1

b̂a.



C. Phase Compensation and Envelope Alignment

To achieve the integration result of multi-channel returns,

we construct the inter-channel envelope alignment and phase

compensation functions using the estimated target parameters.

More specifically, the (n,m) receive-transmit channel is

used as the reference channel. By utilizing the estimated

position, speed and acceleration of the target and equations (5)-

(7), we can get the estimated r̂s(εmi), v̂s(γmi) and âs(χmi).
Correspondingly, the phase compensation function of the

(m, i) receive-transmit channel is given by

Hp
mi(rs) = exp

(

j2π(−fnrs(2) + fir̂s(εmi)

c

)

, (28)

where rs(2) represents the 2-nd element of rs.

The location alignment function is expressed as

He
mi(rs,vs,as,rs(ε), vs(γ), as(χ)) =

δ (rs(ε)− (rs(2)− r̂s (εmi)))

× δ (vs(γ)− (vs(2)− v̂s(γmi)))

× δ (as(χ)− (as(2)− âs (χmi))) ,

(29)

where vs(2) and as(2) are the 2-nd elements of vs and as,

respectively.

Using (28) and (29), the inter-channel accumulation is

Υ(rs,vs,as, rs(ε), vs(γ), as(χ))

=

M
∑

m=1

M
∑

i=1

GmiH
p
miH

e
mi

=
M
∑

m=1

M
∑

i=1

βmiKE sinc
(

π
(

rs(ε)− rtn − rrm
))

× δ
(

vs(γ)− vtn − vrm
)

δ
(

as(χ)− atn − arm
)

× exp

(−j2πfm (rtn + rrm)

c

)

.

(30)

As illustrated in (30), the energy of target among multiple

channels is effectively accumulated. Finally, the target detec-

tion is carried out based on the focused result [14].

IV. NUMERICAL RESULTS

In this section, the different simulation scenarios are il-

lustrated to evaluate the algorithm performance. Besides, the

GRFT [9], the generalized second-order keystone transform-

modified product cubic phase function (GSKT-MPCPF) [6]

and the modified Radon-Fourier transform (MRFT) [12] are

provided for comparison.

We first give the radar parameters, as presented in

Table I. Consider three radar nodes, the positions

are (1187, 1980.3, 10100) m, (1200, 2000.2, 9928) m

and (1400, 2020.2, 9928) m, respectively. The speeds

are (672, 659.4, 669) m/s, (719, 638.9, 589.9) m/s and

(719, 631.4, 588) m/s, respectively. The accelerations are

(10, 35.92, 25) m/s2, (11, 73.36, 15) m/s2 and (12, 114.25, 12)
m/s2 , respectively. In addition, the target’s location, speed and

acceleration are (1300, 40000, 10000) m, (−705,−590,−655)
m/s and (−78, 60,−67) m/s2.

TABLE I
RADAR PARAMETERS.

Parameter Symbol Value

Carrier frequency fc 0.2 GHz

Bandwidth B 1 MHz

Pulse repetition time Ts 2 ms

Pulse duration Tr 100 us

Sampling frequency fs 30 MHz

Pulse number Q 128

Step-frequency ∆f 1 MHz

A. Integration Performance Comparison

This subsection presents the integration ability for different

methods in high and low SNR scenarios. Under high SNR

environment, Fig.3(a) illustrates the range compression result

of the (1, 1) receive-transmit channel, where the SNR after

range compression is 8 dB. The range-velocity and velocity-

acceleration slices are given via the GRFT in Figs.3(b) and

(c). In addition, the integration outputs of the GSKT-MPCPF,

MRFT and the proposed method are shown in Figs.3(d), (e)

and (f). It could be observed that the proposed approach

obtains the best accumulation performance.

(a) (b)

(c) (d)

(e) (f)

Fig. 3. The high SNR scenario. (a) Range compression reult. (b) The range-
velocity slice of the GRFT. (c) The velocity-acceleration slice of the GRFT.
(d) GSKT-MPCPF. (e) MRFT. (f) The proposed approach.

Simulation experiments are addressed under low SNR sce-

narios. The SNR after range compression is set as −18 dB.

Figs.4(a), (b) and (c) show the range-velocity slice with the



GRFT, the integration output of the GSKT-MPCPF and the

accumulation result of the MRFT, respectively. Note that

the above three methods cannot provide effective integration

results. As a comparison, the target’s energy is accumulated

to a distinct peak using the proposed approach, as shown in

Fig.4(d).

(a) (b)

(c) (d)

Fig. 4. The low SNR scenario. (a) The range-velocity slice of the GRFT. (b)
GSKT-MPCPF. (c) MRFT. (d) The proposed approach.

B. Detection Performance Comparison

This subsection compares the detection probability for dif-

ferent methods. The simulation parameters are the same as in

Section IV-A, and the false alarm rate is 10−4. The detection

curves are plotted through 500 Monte Carlo under each SNR.

As illustrated in Fig.5, it can be noticed that the proposed

approach performs the best detection performance compared

to the GSKT-MPCPF, GRFT and MRFT. This is an expected

result because the proposed algorithm accurately accumulates

multi-channel target energy. Moreover, Fig.6 gives the detec-

tion curves via the proposed approach for different number

of radar nodes. Notice that as the number of radar nodes

increases, coherent MIMO radar system can obtain superior

detection performance using the proposed method.

V. CONCLUSION

In this article, a multi-channel coherent fusion approach

in GRFT domain was proposed in airborne coherent MIMO

radar systems. The proposed method considered the integration

detection of high-speed maneuvering weak targets in 3-D

space. Unlike the traditional coherent accumulation algorithm

which only accumulated multi-pulse echo energy, the proposed

approach made full use of the advantages of MIMO radar

multi-channel returns, and showed significant performance

improvements in integration ability and detection probability.

Numerical results illustrated the superiority of the proposed

approach.

Fig. 5. Detection probability curves of different algorithms.

Fig. 6. Detection probability curves of varying radar node numbers.
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