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Abstract 

This work focuses on ship target detection and localization with a passive radar system exploiting multiple navigation satellites. 

Particularly, a centralized approach, entirely working on the Cartesian plane, is proposed to achieve a joint detection and 

localization of the targets. The approach can outperform conventional decentralized approaches, where individual decisions are 

taken at each bistatic link and, in a second stage, localization is implemented via bistatic ranges intersection. Theoretical 

formulations of the probability of detection and localization for both the centralized and decentralized techniques are derived in 

the case of target radar cross section variation among the different links, likely occurring in the system under consideration. The 

effectiveness of the proposed approach is tested by means of simulated analysis. Experimental results are also provided, 

verifying its potentiality in practical applications. 

1 Introduction 

In the last decades, passive radar systems based on Global 
Navigation Satellite Systems (GNSS) as illuminators of 
opportunity have acquired an increasing interest for maritime 
surveillance applications due to their many benefits. As 
passive sensors, they only include the receiving segment, thus 
resulting light, low cost and deployable in places where active 
sensors cannot be installed. Moreover, navigation satellites 
offer global coverage, since their signals are available even in 
remote areas such as open sea. Furthermore, a large number 
of satellites is simultaneously available, also providing a 
relatively high range resolution (up to 15 m, e.g. when Galileo 
E5a/b is used).  Over the last few years, GNSS-based passive 
radar have been proved effective for the detection [1][2], 
localization [3][4][5] and imaging of ship targets [6][7]. 
In this research, we focus on a multistatic configuration using 
a single receiver and exploiting the simultaneous 
transmissions from multiple satellites. Usually, in such a 
configuration target detection and localization are achieved 
via decentralized approaches: peripheral detections are 
implemented on the individual bistatic links and then the 
multiple bistatic ranges are intersected via multilateration to 
localize the targets [4]. However, the restricted power budget 
provided by GNSS makes conventional techniques used for 
target detection not directly applicable, especially in case of 
targets with small radar cross section (RCS) and/or at far 
ranges. To increase the target observability, different 
approaches have been introduced considering long integration 
times to strengthen the signal power on each bistatic link 
sufficiently to allow the ship detection [2][8][9]. These 
strategies usually segment the long dwell time into multiple 
short time frames and perform a target motion compensation 
(TMC) to cope with the target migration experienced in the 
range and Doppler (RD) domain by exploiting a set of 
hypothesized target kinematic parameters [2]. The motion-
compensated RD maps are then quadratically integrated and 

the target can be detected in the long-time map corresponding 
to the kinematic parameters closest to the actual ones.  
Anyway, the exploitation of temporal diversity implies a 
number of issues. First, TMC are model-based procedures, 
usually assuming ships sailing with constant velocity over the 
considered integration time. If actual target kinematic deviates 
from the assumed model, integration losses will be 
experienced due to uncompensated RD migrations. Moreover, 
computational complexity and memory usage increase with 
the number of integrated frames (i.e., overall integration time) 
to perform the detection [2].  
At the same time, decentralized approaches cannot fully 
benefit of the spatial diversity provided by the multi-satellites 
acquisitions, having a limited ability to exploit the variation of 
the target response among the different illumination angles to 
improve the detection step. Moreover, if the target power 
received over a particular bistatic link does not suffice to make 
it detected, the use of that link for the localization task is 
prevented and if the target is not observed over a sufficient 
number of links the localization task fails. 
In this work, we put forward a centralized approach that can 
obtain in a single step the detection and localization of the ship 
target. Particularly, the target power received from all the 
bistatic links is exploited for its detection, thus potentially 
enhancing the detection performance with respect to 
decentralized methods, also providing the target location. A 
similar approach operating entirely in the RD domain was 
presented in [3]. The centralized approach here proposed 
operates directly in the Cartesian domain, thus providing a 
clear picture of the surveyed area. Such approach is an 
extended version of the local plane-based technique proposed 
for bistatic configurations in [2] and relying on long 
integration times. The technique here proposed aims at trading 
the time diversity with the space diversity, in order to 
overcome the shortcomings suffered by TMC procedures 
operating on long datastreams and realizing at the same time 
the localization task. Theoretical and simulated analysis show 
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as the proposed approach can outperform conventional 
decentralized approaches, noticeably operating with short data 
frames. The effectiveness of the approach has been also tested 
against real data with Galileo transmitters. 

The remainder of the paper is organized as follows: Section II 

details the operative conditions and the proposed technique, 

while Section III provides theoretical and simulated 

performance analysis; experimental results are then shown in 

Section IV and Section V closes the paper. 

 

2. System overview and proposed approach 

The operative conditions comprise 𝑁 GNSS satellites as 
illuminators of opportunity and a parasitic receiver located on 
the coast or on a moored buoy. The receiver has two different 
RF channels, one collecting the direct signals from GNSS 
satellites in its field of view (reference channel), and one 
recording the signals reflections from the surveyed area 
(radar channel). Fig. 1 shows the right-handed (𝑂, 𝑋, 𝑌, 𝑍) 
Cartesian reference system, centered in the receiver position 
and with the 𝑋-axis coinciding with the radar antenna steering 
direction. 𝒑 = [𝑥, 𝑦, 𝑧]𝑇 and 𝒑𝑖 = [𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖]

𝑇 represent 
respectively the target and the ith (𝑖 = 1, … , 𝑁) satellite 
position. Since the focus of this work is on ship target, we can 
assume the motion occurring in a 2D domain: the assumed 
target motion model is given by x and y target position 

varying with constant speed 𝒗 = [𝑣𝑥 , 𝑣𝑦 , 0]
𝑇
. 

Because of the exploitation of waveforms not designed for 
radar purposes, ad-hoc processing schemes must be adopted 
to detect the ship targets of interest. First, as the signals are 
CW, a 2D radar reformatting according to the equivalent of 
fast-time and slow-time is implemented according to a 
fictitious Pulse Repetition Time (PRT) corresponding to the 
Pseudo Random Noise (PRN) primary code period (1 ms). 
Then, range compression is implemented by cross-correlating 
the radar channel data with a noise-free replica of the reference 
channel (achieved via synchronization algorithms, [1]) to 
mimic the matched filtering. Then, a Fast Fourier Transform 
(FFT) over the slow-time is applied thus achieving a RD map. 
It is worth to point out that, as the PRN codes used by GNSS 
are quasi-orthogonal, these operations can be implemented 
separately for each bistatic link. Therefore, if the overall 
processing gain suffices to achieve a suitable SNR, the target 
can be detected.  Subsequently, target positioning is obtained 
by intersecting the bistatic ranges pertaining the different links 
[4].  Nevertheless, the widely separated satellites viewing 
angles of the target imply potentially large variations of the 
bistatic target RCS, resulting in a variable probability to detect 
it over the individual links. Consequently, the target 
localization may fail if the target has been not detected over a 
sufficient number of links (at least 2 in the considered 

scenario). Moreover, the system cannot fully capitalize on the 
possibly large RCS observed over a particular illumination 
angle, as only binary decisions are merged.  
Detection and localization performance can be increased by 
combining the received data before applying a detection 
threshold, i.e., by resorting to a centralized technique. If the 
RD maps pertaining the different bistatic links are projected 
over a common plane independent on the particular bistatic 
geometry, a multistatic integration can be nicely achieved on 
a pixel basis. The proposed approach is detailed in Fig. 2, and 
it is a modified version of the local plane-based technique 
proposed in [2] originally conceived for bistatic 
configurations and to operate over long integration times. Let 
ℳ𝑖(𝑟𝑖 , 𝑓𝑖) be the RD map pertaining the 𝑖th bistatic link, 
where 𝑟𝑖 and 𝑓𝑖 denote the bistatic range and Doppler axes: 

𝑟𝑖 = ‖𝒑𝑖 − 𝒑‖ + ‖𝒑‖ − ‖𝒑𝑖‖ (1) 

𝑓𝑖 = −
1

𝜆
(

(𝒑𝑖
𝑇 − 𝒑𝑇)(𝒗𝑖 − 𝒗)

‖𝒑𝑖 − 𝒑‖
+

𝒑𝑇𝒗

‖𝒑‖
−

𝒑𝑖
𝑇𝒗𝑖

‖𝒑𝑖‖
) (2) 

where 𝜆 is the wavelength, 𝒗𝒊 is the velocity vector of the 𝑖th 
satellite and ‖∙‖ is the Euclidian norm. 
Equations above show the relationship between the RD and 
Cartesian domains. A mapping from the RD to the Cartesian 
plane can be obtained by identifying for each (𝑥, 𝑦) position 
corresponding to the surveyed area and for each admissible 
target velocity the corresponding RD cell and storing its value 
in a local map. Therefore, for each tested target velocity 𝒗∗, a 
Cartesian map ℳ𝑖(𝑥, 𝑦; 𝒗∗) for each link is obtained. 
Noticeably, target position in the 𝑖th map does not depend on 
the particular transmitter-receiver pair. Therefore, the maps 
pertaining the same tested velocity can be directly combined 
(in the intensity domain) thus achieving a multistatic local 
map: 

ℳ(𝑥, 𝑦; 𝒗∗) =
1

𝑁
∑|ℳ𝑖(𝑥, 𝑦; 𝒗∗)|2

𝑁

𝑖=1

 (3) 

The multistatic map pertaining the tested velocity closest to 

the actual value provides the highest integration gain, so that 

the target can be detected. Additionally, as the signal power 

will be concentrated in the area occupied by the target, an 

estimate of the target location is directly obtained. 

Fig. 2 Centralized approach processing chain. 

Fig 1. System geometry. 



3 
 

3 Performance Analysis 

In this section, the performances of the proposed centralized 

approach are derived and compared with the ones achievable 

with decentralized strategies. 

3.1 Decentralized schemes performance 

Let 𝛼𝑖 be the pixel of the 𝑖th RD map. A binary hypothesis test 
can be formulated as 

𝛼𝑖 = {
𝑤

𝐴𝑖 + 𝑤 
,  ℋ0

,  ℋ1
  (4) 

Under the null hypothesis ℋ0, the RD cell contains 
background noise only; as the system is essentially noise 
limited [1], this can be modeled as white Gaussian noise with 
power 𝜎𝑤

2 , i.e., 𝑤~𝒞𝒩(0, 𝜎𝑤
2 ) (being 𝒞𝒩 the complex 

normal) and independent from the considered baselines, since 
the system is composed by a single receiver. Whereas under 
the alternative hypothesis ℋ1, the received signal is composed 
by the noise plus the target contribution characterized by a 
complex amplitude 𝐴𝑖, modelled as a zero-mean complex 

random variable with variance 𝜎𝑖
2, i.e.,  𝐴𝑖~𝒞𝒩(0, 𝜎𝑖

2). It is 
worth to point out that because of the different illumination 
angles, the target received power can vary among the bistatic 

links, i.e., 𝜎𝑖
2 depends on the index 𝑖. 

From (4), it is easy to obtain the probability of false alarm 𝑃𝐹𝐴
𝑑𝑒𝑐  

and probability of detection 𝑃𝐷𝑖
𝑑𝑒𝑐  for the 𝑖th baseline as 

𝑃𝐹𝐴𝑖

𝑑𝑒𝑐 = 𝑃𝐹𝐴
𝑑𝑒𝑐 = 𝑒−𝑇ℎ

𝑑𝑒𝑐 𝜎𝑤
2⁄  (5) 

𝑃𝐷 𝑖
𝑑𝑒𝑐 = 𝑒

−
𝑇ℎ

𝑑𝑒𝑐 𝜎𝑤
2⁄

𝑆𝑁𝑅𝑖+1  
(6) 

where 𝑇ℎ
𝑑𝑒𝑐  is the detection threshold.  

To localize the target, a detection must occur at least in 
𝑁𝑚𝑖𝑛 = 2 RD maps, so that multilateration procedures can be 
applied (of course, 𝑁𝑚𝑖𝑛 = 3 would be needed if localization 
in 3D must be performed). Therefore, the probability of 
localization with a decentralized procedure is equal to the 
probability that at least on two bistatic links between the 
available 𝑁 (i.e., minimum number necessary for the 
localization in a 2D domain) a detection takes place. Since the 
bistatic RD maps represent independent statistic events and 

are characterized each by a probability of detection 𝑃𝐷𝑖

dec, the 

probability of localization 𝑃L
dec can be computed as a 

cumulative Poisson binomial distribution of independent 
Bernoulli trials with different probabilities [10]. Particularly 

𝑃L
dec = ∑ ∑ ∏ 𝑃𝐷𝑖

dec

𝑖∈𝐴

∏(1 − 𝑃𝐷𝑗

dec)

𝑗∈𝐴𝐶𝐴∈𝐹𝑙

𝑁

𝑙=𝑁𝑚𝑖𝑛

 (7) 

where 𝐹𝑙 is the set of all the subsets of 𝑙 integers that can be 
selected from {2, … , 𝑁} (e.g., for 𝑁 = 3, 𝐹2 =
{(1,2), (1,3), (2,3)}), 𝐴 represents the subsets of 𝐹𝑙, 𝐴𝐶 the 

complement of 𝐴 (𝐴𝐶 = {2, … , 𝑁}\𝐴). As a special case 

where all the 𝑁 maps show the same SNR (i.e., 𝑃𝐷𝑖

dec =

𝑃𝐷
dec ∀𝑖), the probability of localization of the decentralized 

technique simplifies to 

𝑃L
dec = ∑ (

𝑁

𝑗
) (𝑃𝑑

dec)
𝑗
(1 − 𝑃𝑑

dec)
𝑁−𝑗

𝑁

𝑗=𝑁𝑚𝑖𝑛

 (8) 

3.2 Centralized schemes performance 

Let 𝛽𝑖(𝒗0) be the pixel of the 𝑖th local map ℳ𝑖(𝑥, 𝑦; 𝒗0), 𝒗0 
being the tested velocity providing the maximum gain. A 
binary hypothesis test can be formulated as in (4), but in this 
case the detection threshold is applied after the multistatic 
combination (3). Let 𝛽(𝒗0) be the pixel of the multistatic map 
ℳ(𝑥, 𝑦; 𝒗0), the probability density function under the null 
and alternative hypothesis, 𝑝𝛽(𝑧; ℋ0) and 𝑝𝛽(𝑧; ℋ1), 

respectively, have to be evaluated to derive the corresponding 
probability of false alarm 𝑃𝐹𝐴

𝑐𝑒𝑛 and probability of detection 
𝑃𝐷

𝑐𝑒𝑛 of the proposed centralized scheme. In the former case, 
𝑝𝛽(𝑧; ℋ0) follows a Gamma distribution with shape 

parameter 𝑁 and scale parameter 𝜎𝑤
2  and the probability of 

false alarm is therefore equal to   

𝑃𝐹𝐴 = 1 −
𝛾 (𝑁,

𝑇ℎ
𝑐𝑒𝑛

𝜎𝑤
2⁄ )

Γ(𝑁)
⁄

 
(9) 

where Γ(∙) is the Gamma function, 𝛾(𝑎, 𝑏) = ∫ 𝑡𝑎−1𝑒−𝑡𝑑𝑡
𝑏

0
 is 

the lower incomplete gamma function, and 𝑇ℎ
𝑐𝑒𝑛  is the 

detection threshold. 𝑝𝛽(𝑧; ℋ1) is achieved as the summation 

of 𝑁 independent negative exponential distributions with 
different rate parameters [11] and it is given by (10) shown 
bottom to this page. The probability of detection is therefore 
obtained as (11) shown bottom to this page. To be noticed that 

(10) requires strictly distinct SNRs (where 𝑆𝑁𝑅𝑖 = 𝜎𝑖
2 𝜎𝑤

2  ⁄ ) 
among the bistatic links. In the special case of 𝑆𝑁𝑅𝑖 =
𝑆𝑁𝑅 ∀𝑖, 𝑝𝛽(𝑧; ℋ1) follows a Gamma distribution with shape 

parameter 𝑁 and scale parameter 𝜎𝑤
2 (1 + 𝑆𝑁𝑅) and therefore 

the probability of detection simplifies to 

𝑃𝐷
𝑐𝑒𝑛 = 1 −

𝛾 (𝑁,
𝑇ℎ

𝑐𝑒𝑛

𝜎𝑤
2(1 + 𝑆𝑁𝑅)⁄ )

Γ(𝑁)
⁄

 
(12) 

Since with the centralized approach the detection and 
localization of the target are joint operations, (11) and (12) 
also represent the centralized probability of localization 𝑃𝐿

𝑐𝑒𝑛. 

3.3 Performance comparison 

Fig. 3 shows the comparison of the performance of the 
decentralized (pink curves) and centralized (blue curves) 
approaches by varying the SNR of the bistatic links. For both 
the techniques, false alarm level is set to 10-3. The full lines 
represent the theoretical performance, while the markers show 

𝑝𝛽(𝑧; ℋ1) = ∏
1

𝜎𝑤
2(1 + 𝑆𝑁𝑅𝑖)

∙

𝑁

𝑖=1

∑
𝑒

−𝑧
𝜎𝑤

2 (1+𝑆𝑁𝑅𝑗)⁄

ς (
1

𝜎𝑤
2 (1 + 𝑆𝑁𝑅𝑘)

−
1

𝜎𝑤
2 (1 + 𝑆𝑁𝑅𝑗)

)𝑁
𝑘≠𝑗
𝑘=1

𝑁

𝑗=1

,    𝑆𝑁𝑅𝑗 ≠ 𝑆𝑁𝑅𝑘 (𝑗, 𝑘 = 1, … , 𝑁) (10) 

𝑃𝐷
𝑐𝑒𝑛 = ∏

1

𝜎𝑤
2(1 + 𝑆𝑁𝑅𝑖)

∙

𝑁

𝑖=1

∑
𝜎𝑤

2 (1 + 𝑆𝑁𝑅𝑗)𝑒
−

𝑇ℎ
𝑐𝑒𝑛 𝜎𝑤

2⁄

𝑆𝑁𝑅𝑗+1

ς (
1

𝜎𝑤
2 (1 + 𝑆𝑁𝑅𝑘)

−
1

𝜎𝑤
2 (1 + 𝑆𝑁𝑅𝑗)

)𝑁
𝑘=1
𝑘≠𝑗

𝑁

𝑗=1

,        𝑆𝑁𝑅𝑗 ≠ 𝑆𝑁𝑅𝑘 (𝑗, 𝑘 = 1, … , 𝑁) 

 

(11) 
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the results obtained with 100000 independent Monte Carlo 
simulations. Fig. 3 (a) shows the comparison between the two 
approaches by assuming the same signal power between the 

bistatic links (𝜎𝑖
2 = 𝜎2 ∀𝑖, i.e., same SNR) and by varying the 

number of satellites (𝑁 = 2,5,10). It can be noticed as the 
localization performance of both the techniques gradually 
improve by increasing the number of satellites. Particularly, 
by observing curves with same number of bistatic links, the 
exploitation of the centralized approach brings an 
enhancement in the localization task. E.g., for 𝑁 = 2 and 
𝑆𝑁𝑅 = 12 dB, the decentralized approach provides a 
probability of localization equal to 45%, while the proposed 
scheme achieves 𝑃𝐿 ≈ 90%. Fig. 3 (b) shows a case of SNR 
varying among the links. Particularly, the figure shows the 
localization probability as a function of the minimum SNR 
among 𝑁 = 3 available links, by setting 𝑆𝑁𝑅1 = 𝑆𝑁𝑅𝑚𝑖𝑛, 
𝑆𝑁𝑅2 = 𝑆𝑁𝑅1 + 2 dB and 𝑆𝑁𝑅3 = 𝑆𝑁𝑅1 + 5 dB. In this 
case study, the proposed scheme can achieve a probability of 
localization of 90% with about 6 dB lower 𝑆𝑁𝑅𝑚𝑖𝑛 than in the 
conventional decentralized approach. 

4 Experimental Results 

The proposed approach has been tested against real data 
collected during an acquisition campaign in Porto Marghera 
(Italy). The receiver was placed at the entrance of the port, 
with the radar antenna pointed toward the terminal area, 
collecting signals emitted by Galileo satellite in E5a band 
(carrier frequency: 1176.45 MHz, bandwidth: 10.23 MHz) 

and scattered by commercial vessels entering/exiting the port 
[Fig. 4 (a)]. The Automatic Identification System (AIS) 
messages were also recorded to be used as ground truth. 
During the acquisition, the cargo Fairpartner [Fig. 4 (b), size 
143.1 m × 26.6 m] was entering in the port terminal and three 
Galileo satellites signals were collected: GSAT0207, 
GSAT0211 and GSAT208, using PRN codes E07, E02, and 
E08, respectively (hereinafter denoted as sat.1, sat. 2 and sat. 
3). Table 1 lists the parameters of the tracked satellites. A 
coherent processing interval of 3 s has been used, achieving 
for each time instant a RD map for each bistatic link.  
Fig. 5 shows the individual bistatic RD maps for the three 
baselines corresponding to the time interval at the beginning 
of the acquisition. The white squares highlight the RD 
positions of the target as calculated from the AIS and, as it is 
apparent, the received target power considerably varies among 
the links: the target is barely visible with sat. 1 and sat. 2 and 
it is completely buried in the noise background with sat. 3. The 

Fig. 3 Performance comparison: (a) probability of 

localization as a function of the number of satellites with 

same SNR; (b) probability of localization with 𝑁 = 3 and 

different SNR. 

a 

 

 

 

 

 

 

b 

Fig. 4 (a) acquisition geometry: (b) photograph of the 

target of opportunity (source: [12]). 

a 

  

  

  

 

 

b 

Table 1   Tracked satellites  

Parameter  Unit Value 

Satellite 1 

Number - GSAT0207 

Ranging code - E07 (E5a-Q) 

Azimuth* angle deg -51.83~-51.14 

Elevation** angle deg 65.84~66.84 

Satellite 2 

Number - GSAT0211 

Ranging code - E02 (E5a-Q) 

Azimuth angle deg 67.91~66.84 

Elevation angle deg 48.67~49.23 

Satellite 3 

Number - GSAT0208 

Ranging code - E08 (E5a-Q) 

Azimuth angle deg 102.12~103.46 

Elevation angle deg 56.15~55.26 

* calculated clockwise from X-axis 
** evaluated from receiver position 
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low levels of SNR observed with these satellites can lead to 
detection performance degradation when using decentralized 
approaches and, consequently, also in localization. 

The probabilities to detect the target in the individual links are 

listed in Table 2 (using the SNR level evaluated from the 

maps) with the corresponding 𝑃𝐿
𝑑𝑒𝑐 . The probabilities to 

localize the target are not high, well below typical operative 

requirements for maritime surveillance applications, due to 

the high missed detection rates in the individual links. 

Fig. 6 shows the local map obtained with the proposed 

centralized approach providing the maximum gain among all 

the tested velocities. As it is apparent, the target contributions 

as observed among the links integrate over the same area in 

the Cartesian plane, allowing a higher probability to detect it 

and therefore to localize it. Particularly, a probability of 

localization over 90% can be achieved in this case study for 

both 𝑃𝐹𝐴 equal to 10-3 and 10-4, about 29% and 39% greater, 

respectively, than the decentralized scheme (see Table 2).  

Fig. 7 shows the Fairpartner position estimations using the 

decentralized and centralized techniques [Fig. 7 (a) and Fig. 

7 (b), respectively] for 21 different time instants, shifting 

each time the integration window of 5 s starting from the 

beginning of the acquisition. The full lines are the AIS 

positions, while red ‘×’ markers denote the estimated 

positions. (In the centralized case, position estimate is 

evaluated as central position of the cluster of pixels in the 

binary map.) As with the decentralized approach the 

localization requires the target to be detected at least on 2-

out-of-3 bistatic maps, a number of missed localizations 

occur, denoted as black ‘□’ markers in the figure. Significant 

errors can also be observed in few time instants, which might 

be because the target has been detected only on 2 bistatic 

links with relatively similar bistatic geometries. Moreover, 

the large target size and the variation of the e.m. response 

over the channels might entail the intersection of ranges 

pertaining different scattering centers. 

Table 3 lists the successful (✓) and missed (×) localizations 

in the different time instants, while numerical results are 

reported in Table 4. With the conventional decentralized 

approach, the localization task fails 9/21 times, 

corresponding to an estimated �̂�𝐿
𝑑𝑒𝑐 of about 57%. In contrast, 

reinforcing the received signal power by means of the 

exploitation of the multiple illumination angles with the 

proposed method allowed providing a position estimate for 

each considered time instant. 

Finally, last column of Table 4 lists the Root Mean Square 

(RMS) errors of the estimates achieved with the two 

approaches, evaluated taking the AIS as reference. It can be 

observed as the proposed scheme also allowed an 

improvement in the accuracy of the position estimate, 

because of the higher SNR of the multistatic map. 

5 Conclusion 

This work addressed the detection and localization of ship 
targets with a multistatic passive radar system based on GNSS 
illuminators. Particularly, the proposed method achieves a 
joint detection and localization of the target in a single step, so 
capitalizing on the spatial diversity offered by navigation 
satellites to overcome the limitations due to the restricted 
power budget. As it operates entirely in the Cartesian plane, 
the technique directly provides a picture of the surveyed area. 
Noticeably, not any compensation of the target range and 
Doppler migration is needed, which is a remarkable benefit in 
terms of robustness of the signal integration against model 
mismatches. However, the approach could be extended to the 
case of multi-frame (i.e., requiring TMC strategies) and 
multistatic integration, potentially carrying to enhanced 
performance. It is worth mentioning that, even though it 
generally requires a heavier computational load than 
decentralized strategies, as in the considered multistatic 

  a                                                                       b                                                                       c 

Fig. 5 Fairpartner bistatic RD maps (a) sat. 1; (b) sat. 2; (c) sat. 3. 

Table 2   Experimental Probability of Detection and 
Localization  

𝑷𝒇𝒂 𝑷𝑫𝟏
 𝑷𝑫𝟐

 𝑷𝑫𝟑
 𝑷𝑳

𝒅𝒆𝒄 𝑷𝑳
𝒄𝒆𝒏 

10−3 69.89% 62.06% 51.34% 66.58% 95.50% 

10−4 62.02% 52.94% 41.11% 53.10% 92.51% 

 

Fig. 6 Experimental local map. 
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configuration the single receiver acts as collector of the 
multichannel data, setting a broadband communication 
channel is not required. 
Performance improvements with respect to the conventional 
approaches operating in two separated stages for detecting and 
localizing the target have been theoretically evaluated and 
analyzed by means of simulations. Moreover, the 
effectiveness of the method has been tested against 
experimental data set, validating its potentialities to 
outperform decentralized approaches in practical applications.  
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Table 3 Localization results for different timestamps 

Time stamp 1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

Decentralized 

approach 
✓ ✓ ✓ × ✓ × ✓ × ✓ × ✓ ✓ ✓ × ✓ × × ✓ ✓ × × 

Centralized 

approach 
✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

Table 4 Numerical results 

Approach Localizations 𝑷𝐋 RMS error 

Decentralized  12/21 57.14% 143.09 m 

Centralized  21/21 100% 40.34 m 

 

Fig. 7 Estimated target position: (a) decentralized 

approach; (b) centralized approach. 
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