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Traditional two-step passive localization methods need to extract the parameters like the direction of arrival (DOA), time of arrival
(TOA), and time difference of arrival (TDOA) from the original data to determine the source position, which causes the poor
positioning accuracy due to error accumulation. In this paper, a direct position determination (DPD) method is proposed to
improve the positioning accuracy and robustness, which is based on a correlation algorithm. Firstly, the cost function directly
related to the location of the source can be established by synthesizing the data received by multiantenna in the frequency
domain. Then, the position of the source is estimated by the correlation DPD method to search the monitoring area. Compared
to the improved TDOA algorithm and Least Squares DPD algorithm, the proposed method shows better localization accuracy
of different SNRs. Finally, based on real measured data, it can be seen that the results of the proposed algorithm are better than
the improved TDOA algorithm.

1. Introduction

Wireless positioning is an important research direction in the
civilian and military fields [1]. There are many wireless posi-
tioning algorithms, among which the two-step positioning
algorithms are the most concerned. The traditional two-
step positioning methods extract measurement parameters
such as angles of arrival (AOA), times of arrival (TOA),
and time differences of arrival (TDOA) from the received sig-
nal, then solve the equations established based on extracted
measurement parameters to obtain the target position [2,
3]. In order to improve the positioning accuracy, a TDOA
positioning method based on time delay compensation was
proposed in [4], which improved the performance of two-
step positioning to a certain extent. In [5], considering the
synchronization error between transmitter and receiver, a
passive location method of the asynchronous receiver based
on expectation maximization is proposed. The method sig-
nificantly improves the positioning performance. In [6], a
two-dimensional direction of arrival (DOA) and polarization
estimation algorithm for noncircular signals based on multi-

signal classification (MUSIC) is proposed. The algorithm is
mainly applied to three-dimensional millimeter-wave polar-
ized massive multi-input multioutput (MIMO) systems. In
[7], a novel system architecture including a reconfigurable
intelligent surface (RIS) and multiple autonomous vehicles
or a massive multi-input multioutput (MIMO) is considered
in vehicle location systems. However, the losses of position
information and errors cannot be avoided due to the separa-
tion of the parameter solution and target localization for two-
step localization methods. Besides, the measurement param-
eters may not match the corresponding transmitter, and the
positioning performance is poor with low SNR [8, 9]. There-
fore, it has become an important research topic in the field of
wireless positioning to find a method to further improve the
positioning accuracy of the target signal source.

In [10], a direct location algorithm (Least Squares DPD)
based on angle and time delay information is proposed,
which firstly proved that the direct positioning accuracy is
better than the two-step positioning accuracy. In [11], a mul-
tisource direct location method without knowing the number
of transmitters is proposed. Different from the traditional
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two-step positioning, the direct location technology can
directly estimate the emitter position without parameter esti-
mation by using the received signal [12]. It avoids the informa-
tion loss caused by the two-step positioning method and
obtains higher positioning accuracy. Besides, the direct loca-
tion algorithm solves the parameter matching problem in
the traditional two-step localization method in the case of
multiple sources [13]. Although direct position determination
(DPD) does not need to estimate the parameters, we still need
to consider which variables are contained in the emitter loca-
tion information and select the appropriate information type
according to the location scene. A direct location method
based on time difference of arrival (TDOA) and frequency dif-
ference of arrival (FDOA) was proposed in [14–16] by using
multiple moving single sensors to intercept the signal of the
stationary emitter. Considering the information of TDOA
and FDOA, the model between the intercepted signal and
the emitter location was established directly, and the direct
location was realized by the exhaustive search method. In
[17], a multistation direct location method based on TDOA
was proposed on the condition that the observation stations
and emitters are relatively stationary. A new direct location
method using a multiple antenna array (DPD) algorithm
was proposed in [18]. This method uses the cross-correlation
matrix (CCM) of the received signals to estimate the position
of the emitter directly. An algorithm for DPD of multiple fixed
transmitters was shown in [19] by using the position informa-
tion embedded in the angle and Doppler frequency shift. In
[20], a direct position estimation (DPE) algorithm for dense
multipath channels based on Gaussian approximation is pro-
posed for passive location in a multipath environment. In
[21], the influence of Doppler frequency shift on direct loca-
tion is considered and describes the fluctuation of DPD cost
function in NLOS. In [22], the problem of determining the
unknown location of a mobile station in a millimeter-wave
MIMO system is solved. The exact solution of the maximum
likelihood estimation problem is provided, and the basic
lower bounds of channel and location parameter estimation
uncertainty are derived. In [23], the maximum likelihood
(ML) direct position estimation (DPE) problem of the multi-
antenna receiver in a dynamic multipath environment is
studied, and a complexity reduction algorithm based on the
pseudo ML method is proposed.

With the development of radar and communication tech-
nology, the modulated broadband signal has been more and
more widely used for its advantages of a large amount of
information and strong antijamming ability. However, there
are few direct positioning algorithms for broadband signals.
In [24], the direct location of wideband signals was firstly
considered, and a model for intercepting wideband signals
by moving multistations was established. Besides, a direct
location cost function based on TDOA and FDOA was estab-
lished by expanding the application of direct location to
broadband signals. In [25], a maximum likelihood direct
location method based on TDOA was proposed, which is
aimed at the case of an unknown signal. Based on the contin-
uous signal model, the method can effectively locate the
wideband or narrowband signal target. In [26], the coherent
and incoherent direct localization methods are studied for

wideband signals. By using the two preprocessing techniques,
broadband processing gain can be improved.

In the positioning scene of distributed multiantenna sys-
tem, a direct positioning method based on the improved
MUSIC algorithm is proposed in [27] to solve the joint detec-
tion and positioning problem of main transmitters in a
cognitive radio network. In [28], based on simulations by
applying a distributed antenna system for localization pur-
poses in indoor scenarios, an extensive study was presented.
According to [29], based on the perspective of information
theory, in the absence of GPS, wireless local area network
(WLAN) positioning technology is recognized as one of the
preferred positioning technologies. In [30], a novel system
architecture was constructed, which is consisting of multiple
noncooperative unmanned aerial vehicles (UAVs) and the
software-defined Internet of vehicles (SDN-IoV). And two
source enumeration methods are proposed in a complex
SDN-IoV environment with color noise to locate the posi-
tions of vehicles and pedestrians.

In this paper, we propose a frequency domain direct posi-
tion determination method to improve the location accuracy
of emitters in distributed multiantenna scenarios. The data
receiving model under distributed nodes is established, and
the data of each node is fused. The data model after fusion
is obtained by accumulating frequency points. Based on the
phase information, the cost function is constructed, and the
location of the emitter is determined by grid searching in
the monitored area. Finally, we examine the performance of
the proposed algorithm from two aspects. Through simula-
tions, the algorithm is compared with Least Squares DPD
algorithm in [10], DPD EIGEN algorithm in [11], and TDOA
improved algorithm in [4]. Then, the performance of the
proposed algorithm is further verified by processing the real
measured data.

The contributions of this paper are summarized as follow:

(1) In this paper, a distributed multiantenna direct loca-
tion method is proposed. At present, most direct
localization methods are mainly aimed at narrow-
band signals. The method proposed in this paper
can process both narrowband and wideband signals
utilizing multifrequency points accumulation

(2) The proposed algorithm was compared with the
existing algorithms by simulation, including the
TDOA improved algorithm in [4], the LS DPD algo-
rithm in [10], and the DPD EIGEN algorithm in [11].
The results show that the performance of the pro-
posed algorithm has been improved

(3) The proposed algorithm is used to process the mea-
sured data, and the result of the target location is
obviously better than that of the TDOA improved
algorithm

2. Signal Model

The system model is shown in Figure 1, where an unknown
signal source exists in position pðx, yÞ. There are LðL ≥ 4Þ
monitoring stations in the spatial domain that can receive
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signals, and the positions of each base station are denoted as
B1ðx1, y1Þ,⋯, BLðxL, yLÞ. The signal observed by the l‐th
(1 ≤ l ≤ L) base station antenna is given by

yl tð Þ = αls t − τl − t0ð Þ + nl tð Þ, 1 ≤ l ≤ L, ð1Þ

where αl is an unknown complex scalar representing
channel attenuation.sðt − τl − t0Þ is the signal waveform,
transmitted at a time t0 and delayed by τl. nlðtÞ represents
noise. The sampled version of the signal in (1) is given by

yl kð Þ = αls kð Þ + nl kð Þ, 0 ≤ k ≤ K − 1,
sl kð Þ ≜ s t − τl − t0ð Þjt=kT ,
yl kð Þ ≜ yl tð Þjt=kT ,
nl kð Þ ≜ nl tð Þjt=kT ,

ð2Þ

where the sampling interval is T and the discrete expres-
sions of signals received by each base station are

y1 kð Þ = α1s1 kð Þ + n1 kð Þ, 0 ≤ k ≤ K − 1,
⋮

yL kð Þ = αLsL kð Þ + nL kð Þ, 0 ≤ k ≤ K − 1:
ð3Þ

3. Improved TDOA Positioning Method

According to the received signals of each antenna in (1), the
traditional TDOA method is used to locate the emitter.
Taking the signal received by the first base station as the ref-
erence signal, the generalized cross-correlation (GCC) algo-
rithm is used to obtain the delay difference τi1, i = 2,⋯, L of
the received signals between other base stations and the refer-
ence base station.

However, in engineering, τi1, i = 2,⋯, L is usually not
an integral multiple of the sampling interval. Due to the
limitation of the sampling frequency, there is always a non-
integer delay between the most accurate delay difference
that can be distinguished by digital sampling and the true
time delay difference.

To solve this problem, a time delay estimation method
based on time delay compensation is proposed in [4]. The
main steps of this algorithm are as follows: firstly, a reference
signal is selected, and a small delay unit is defined to compen-

sate for the delay of other signals. Then, the delay compen-
sated signal is cross-correlated with the reference signal.
Finally, a high precision delay estimation is obtained based
on the optimal cross-correlation results.

After obtaining the delay difference of each base station
relative to the reference base station, the target position can
be determined by solving the Chan function. The distance
between the base station and the signal source is as follows:

Ri =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xi − xð Þ2 + yi − yð Þ2

q
, i = 1,⋯, L: ð4Þ

When L = 3, there are three base stations participating in
positioning, and the position of the radiation source can be
obtained according to the Chan algorithm:

xy� =
x2,1 y2,1

x3,1 y3,1

" #−1
×

R2,1

R3,1

" #
∗ R1 +

1
2

R2
2,1 − K2 + K1

R2
3,1 − K3 + K1

" #( )
,

"
ð5Þ

where Ki = x2i + y2i , i = 1, 2, 3, xμ,1, and yμ,1 represent the dif-
ference between the coordinates of the base station,

xμ,1 = xμ − x1,
yμ,1 = yμ − y1,

ð6Þ

Rμ,1 = Rμ − R1, μ = 2,⋯, L, ð7Þ

where Rμ,1 =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðxμ − xÞ2 + ðyμ − yÞ2

q
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx1 − xÞ2 + ðy1 − yÞ2

q
.

4. DPD Algorithm

By performing DFT on (2), we can get

Y1 wkð Þ = α1S wkð Þe−jwkτ1 +N1 wkð Þ,
⋮

YL wkð Þ = αLS wkð Þe−jwkτL +NL wkð Þ,

0 ≤ k ≤ K − 1 ;wk ≜
2πk
KT

,

ð8Þ

where YlðwkÞ is the frequency domain form of the signal
received by the l‐th base station, SðwkÞ represents the discrete
Fourier transform of the signal sðkÞ, and N1ðwkÞ represents
the Fourier transform of the noise corresponding to the l‐th
base station.

4.1. Traditional DPD Algorithm. According to the frequency
domain signal expression of Equation (8), the cost function
related to the location of the source is established. By mini-
mizing the cost function related to the location of the source,
the least square estimation result of the location of the emit-
ter can be obtained

Q pð Þ = 〠
L

l=1
〠
K−1

k=0
Yl wkð Þ − αlS wkð Þe−jwkτl

� ��� ��2, ð9Þ

Signal

Antenna 1

Antenna 2
......

Antenna L

Figure 1: Multiantenna positioning scene diagram.
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where k·k represents norm operation and the cost function is
expressed as the sum of the following items:

Q pð Þ = 〠
L

l=1
Ql pð Þ,

Ql pð Þ ≜ 〠
K

k=1
Yl wkð Þ − αlS wkð Þe−jwkτl

� ��� ��2
≜ 〠

K

k=1
Yl wkð Þ − αlbl pð Þð Þk k2,

ð10Þ

where blðpÞ = SðwkÞe−jwkτl , in order to minimize the cost
function, the attenuation coefficient αl,m in (10) is estimated
and the result is shown in (11).

bα l = bl pð Þð ÞHbl pð Þ
� �−1

bl pð Þð ÞHYl wkð Þ: ð11Þ

For the sake of generality, assume the following

bl pð Þk k2 = 1 ∀l: ð12Þ

Finally, the emitter location is determined by solving
the matrix eigenvalue containing the emitter location
information.

4.2. The Proposed DPD Algorithm. The delay is related to the
signal position pðx, yÞ. Suppose the propagation velocity of
the electromagnetic wave is c, the expression of τlðpÞ is
(13), which is related to pðx, yÞ.

τl =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x − xlð Þ2 + y − ylð Þ2

q
c

τl pð Þ ≜ τl

: ð13Þ

According to the frequency domain signal expression
obtained in (8), all the monitoring data are synthesized

Y wkð Þ =

Y1 wkð Þ
Y2 wkð Þ
⋮

YL wkð Þ

26666664

37777775 =

e−jwkτ1 pð Þα1

e−jwkτ2 pð Þα2

⋮

e−jwkτL pð ÞαL

26666664

37777775S wkð Þ +

N1 wkð Þ
N2 wkð Þ

⋮

NL wkð Þ

26666664

37777775
=Φ αð Þa wk, pð ÞS wkð Þ +N wkð Þ,

ð14Þ

where ΦðαÞ = diag ðα1,⋯, αLÞ ∈ℂL×L is a diagonal matrix
containing all attenuation coefficients. aðwk, pÞ ∈ℂL×1 is the
delay factor vector corresponding to different monitoring
positions, and its expression is shown in

a wk, pð Þ =

e−jwkτ1 pð Þ

e−jwkτ2 pð Þ

⋮

e−jwkτL pð Þ

2666664

3777775: ð15Þ

Then, the cost function directly related to the position
pðx, yÞ is established as

max
p

〠
K

k=1
YH wkð ÞΦ αð Þa wk, pð Þ�� ��: ð16Þ

The correlation lies in the phase compensation; ΦðαÞis
a real number and independent of the frequency point. So
the cost function can be modified as follows:

max
p

〠
K

k=1
YH wkð Þa wk, pð Þ�� ��: ð17Þ

Then, a series of spatial grid points are obtained by
grid division of the monitoring area. Based on the correla-
tion DPD method, the cost function after signal synthesis
can be solved. According to (17), the grid point that meets
the requirements can be obtained, which is the location of
the target interference source.

The main steps of the algorithm are as follows:

Step 1. Signal input: the signal received by each node is trans-
formed by DFT, and the frequency domain data of each node
is fused to form a signal matrix YðwkÞ ∈ℂL×1 as the input of
the algorithm.

Step 2. Simplified signal matrix: considering that the algo-
rithm is only related to the phase information of the signal,
the attenuation coefficient matrix in the signal matrix can
be removed, and the signal matrix related to phase can be
obtained by simplification.

Step 3. The phase information is used to estimate the source
position: the area to be monitored is gridded. According to
the cost function of (17), the most relevant grid point that is
corresponding to the estimated source location can be found.

4.3. Algorithm Analysis. In this paper, the direct source loca-
tion algorithm belongs to the correlation algorithm, which
mainly uses the phase information in the signal. When the
monitoring area is large and there are many grid areas, the
delay factor vectors aðwk, pÞ in (17) will generate phase
ambiguity. It is assumed that there are M grid points in
the monitoring area, and the phases formed by two grid
points m1 and m2 at the l‐th base station are as follows:
φl,m1

=wk ⋅ τlðpm1
Þ andφl,m2

=wk ⋅ τlðpm2
Þ. When φl,m2

=
φl,m1

+ r ⋅ 2π, ðr ≠ 0, r ∈ΖÞ, we can obtain
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ejφl,m2 = ej φl,m1+r⋅2πð Þ = ejφl,m1 ⋅ ejr⋅2π

= ejφl,m1 ⋅ cos r ⋅ 2πð Þ + j sin r ⋅ 2πð Þ½ � = ejφl,m1 :
ð18Þ

It can be seen from (18) that different grid points in the
monitoring area may have the same delay factor for the same
monitoring measurement, which will affect the positioning
accuracy of relevant algorithms. The fuzzy positioning dia-
gram is shown in Figure 2.

As can be seen from Figure 2, for a base station, the same
delay factor may correspond to multiple different locations.

As shown in Figure 3, for multiple base stations, the pos-
sible fuzzy location points of each base station are different,
but the real source points are the same. At the same time,
the false position points of different frequency points are also
different, so combining the data of multiple base stations can
reduce the influence of some phase ambiguity on positioning
and improve the accuracy of positioning.

4.4. Cramer-Rao Bound. The positioning performance of the
algorithm will be compared with that of the CRB for the
model (Equation (14)), which are comprised in the parame-
ter vector ρ ∈ℂ2ðK+1Þ×1

ρ = s rð ÞT
1 , s cð ÞT

1 ,⋯, s rð ÞT
K , s cð ÞT

K , pT
h i

, ð19Þ

where sðrÞTk and sðcÞTk are the real and imaginary part of the
source signals and pT = ðx ; yÞ is the source position to be
estimated. The CRB is given by the inverse Fisher Informa-
tion Matrix (FIM), i.e.,

E ρ‐bρð Þ ρ‐ρ∧ð ÞT
n o

≥ J−1 ρð Þ: ð20Þ

With

J ρð Þ = E
∂L Y ; ρð Þ

∂ρ

	 

∂L Y ; ρð Þ

∂ρ

	 
T
( )

, ð21Þ

where L is the log-likelihood function as a function of the
collection of all data Y = ½Y1,⋯, YK � ∈ℂL×K :

L Y ; ρð Þ = −KL ln πσ2n
� �

−
1
σ2
n
〠
K

k=1
Yk −Askj j2: ð22Þ

In this log-likelihood function, A = aðwk, pÞ ∈ℂL×1.
According to [31], the CRB is as follows:

CRB pð Þ = σ2n
2 〠

K

k=1
Re SHk D

HP⊥
ADSk

� � !−1

, ð23Þ

with P⊥
A = IL −AðAHAÞ−1AH ∈ℂL×L, D = ½∂A/∂x, ∂A/∂y�

∈ℂL×2L, and Sk = I2 ⊗ sk∈ℂ2L×2.

4.5. Complexity Analysis. For the proposed method, its com-
putational complexity is OðL2T2 + LKÞ, and T is the number
of grids searched on coordinates x and y. The complexity of
the improved TDOA positioning method is OðLð2J + KÞ +
3ðL − 1ÞK logK2 + ðL − 1ÞK2 + 7ðL − 1Þ2Þ, where J is the num-
ber of cross-correlation. The complexity of LS_DPD algo-
rithm and DPD_EIGEN algorithm is OðKT2 + T4Þ and
OðKT2 + 6KL2 + LT2 + KLÞ, respectively.

Source location

O

x

y

z

Node1: possible source location

Node2: possible source location

Figure 3: Schematic diagram of the reduced monitoring area.

Source location
False source location

z

y

x

O

Figure 2: Fuzzy location diagram for one node.
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5. Algorithm Verification

5.1. Simulation Results. In this part, root mean square error
(RMSE) is employed to verify the performance of the algo-
rithm; the expression of it is

RMSE =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
M

〠
M

m=1
p∧m − pk k2

s
, ð24Þ

whereM is the number of Monte Carlo experiments, p is the
true location of the unknown source, and p̂m is the estimation
result of the source location of the m‐th Monte Carlo
experiment.

Figure 4 shows the localization performance of the algo-
rithm without considering the multipath signal, and the
SNR is set to -5 dB. There are four receiving base stations
with coordinates of ð303, 1273:5Þ, ð752:5, 1101Þ, ð681, 752:5
Þ, andð782, 468Þ. And the coordinate of the unknown source
is ð50, 85Þ. The simulation results show that the algorithm
can effectively estimate the source location with low SNR,
and the estimated source location is ð40, 70Þ. When consider-
ing the influence of the multipath effect, the estimated result
of the source is ð88, 78Þ in Figure 5.

In order to further verify the performance of the pro-
posed algorithm, we compare the proposed algorithm with
the improved TDOA algorithm, Least Squares DPD algo-
rithm, and DPD EIGEN algorithm. After 100 Monte Carlo
simulation experiments, the performance comparison
results are shown in Figure 6. The SNR varies from -10 dB
to 15dB, the signal bandwidth is Bsignal = 3 × 105Hz, and
the signal sampling frequency is 6 × 107Hz. There are three
receiving base stations with coordinates of ð1000, 2000Þ, ð
5000, 1000Þ, and ð10000, 0Þ, and the coordinate of the source

is ð135, 175Þ. It is clear that with the improvement of SNR,
the performance of these localization algorithms is getting
better. In addition, the performance of the two direct loca-
tion algorithms is obviously better than that of the improved
TDOA algorithm, and the positioning performance of the
proposed algorithm is slightly better than that of the tradi-
tional direct location algorithm (Least Squares DPD) and
DPD EIGEN algorithm.

0 5
SNR (dB)

Proposed DPD method
Proposed TDOA method

DPD-EIGEN
CRB

LP-DPD

RM
SE

–5 10–10

100

102

104

106

15

Figure 6: Performance comparison versus SNR of the narrowband
signal.
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Figure 4: Locating result with SNR = −5 dB.
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Figure 5: Locating result with SNR = −5 dB (under the multipath
effect).
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All else being equal, the signal bandwidth goes from 3
× 105Hz to 3 × 106Hz. Then, the algorithm is compared
with the improved TDOA algorithm, Least Squares DPD
algorithm, and DPD EIGEN algorithm. After 100 Monte
Carlo simulation experiments, the RMSE results are shown
in Figure 7. It can be seen that the performance of the pro-
posed algorithm is better than that of the improved TDOA
algorithm, Least Squares DPD algorithm, and DPD EIGEN
algorithm.

The signal model in this paper is based on the synchroni-
zation of all received signals, and the location information of

each node is accurate. However, in practice, due to various
factors, the received signals are not always synchronized,
and the position measurement information of each node
may also have errors [32, 33]. In order to further analyze
the performance of the algorithm, simulation experiments
are carried out by considering the position error of the node
and the synchronization error of the signal. The experimental
results are shown in Figures 8 and 9, respectively.

Node1

Node2

Node3

Node4

Source

Figure 10: Schematic of a distributed positioning system.

0 5
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Without considering signal synchronization error
Considering signal synchronization error

RM
SE

–5 10–10

100

101

102

15

Figure 9: Performance comparison when considering
synchronization error.
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Without considering nodes position error
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–5 10–10

100

101

102
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Figure 8: Performance comparison when considering node position
error.
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RM
SE

–5 10–10

100

102

104
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Figure 7: Performance comparison versus SNR of the wideband
signal.
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After 100 Monte Carlo tests, the results show that the
existence of errors has a certain impact on the performance
of the algorithm.

5.2. Real Measured Data Processing Results. In order to fur-
ther verify the effectiveness of the algorithm, the actual mea-
surement data collected in the experiment are processed. As
shown in Figure 10, the four nodes in the campus are node
1, node 2, node 3, and node 4, and the signals are located in
the playground area.

In the experiment, the signal source transmits a variety of
modulation signals with the power of 5 dBm, 10 dBm, and
15 dBm, respectively.

Before processing the data, it is necessary to establish a
three-dimensional coordinate space corresponding to the
longitude, latitude, and height. In this paper, node 1 in
Figure 11 is used as the reference node to establish a
three-dimensional coordinate system. Then, the signal with
a power of 15 dBm is processed to determine the position
of the signal source. The results are shown in Figure 12,
from which we can see the relative coordinates of each
node, the real location of the source, and the estimated
position.

The measured data are processed by the proposed algo-
rithm and the traditional TDOA algorithm, and the position-
ing results are compared. The data center frequency is
700MHz, and the symbol rate is 40 bit/s. The real coordi-
nates of the source are ð117:6603, 49:0477, 5Þ. The results
of the two algorithms are shown in Table 1. It can be seen
that the positioning performance of the algorithm proposed
in this paper is closer to the actual coordinates compared
with the TDOA improved method.

Table 2 shows the positioning errors of the two algo-
rithms after processing the three different transmitted power
signals. It is clear that the proposed DPDmethod can achieve
more accurate positioning results than the TDOA method.
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Figure 11: Coordinate chart of the positioning result.
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Figure 12: Map of positioning results.
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6. Conclusion

DPD algorithm has higher positioning accuracy than the tra-
ditional two-step positioning method, but most of the exist-
ing direct positioning technologies are aimed at narrow-
band signals. Based on the phase information of the signal,
a correlation direct location algorithm is proposed for both
narrowband and wideband signals. The data fusion model
of multimonitoring nodes is established, and the simulation
of the algorithm is deployed. Simulation results show that
the proposed algorithm has higher positioning accuracy
and better performance than the traditional TDOA two-
step positioning algorithm, LS DPD algorithm, and DPD
EIGEN algorithm. In order to further verify the performance
of the algorithm, the signal source is used to simulate the
interference signal and transmit the signal in the school play-
ground. After collecting data from four nodes, the algorithm
proposed in this paper and the improved TDOA algorithm
process the measured data. It can be seen that the proposed
algorithm has higher positioning accuracy than the TDOA
two-step localization algorithm.
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