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ABSTRACT Galileo based bistatic synthetic aperture radar (Galileo-BiSAR) is a subclass of passive radar,
where the Galileo satellite is used as the transmitter and the receiver can be mounted on a moving vehicle
or fixed on the ground. Such scheme is cost-effective and safe, and therefore can be widely used in military
areas such as battle monitoring or civil scenarios such as ground deformation monitoring, change detection,
etc. However, the drawback of Galileo-BiSAR system lies on the fact that, same with other passive radar,
the transmitter and receiver are separately located, which introduces the necessity of pre-processing before
further processing such as image formation. The existing pre-processing algorithm for Galileo-BiSAR
system was established on the idea that only single band E5b signal is used. Due to its bandwidth of 20MHz,
however, the range resolution of resulting image is merely up to 15m, which is not acceptable for most
applications. Aimed at improving range resolution, this article proposes a new pre-processing algorithm for
Galileo-BiSAR. Rather than employing the single band signal as well as duplicate of transmitting signal
as the local reference signal in tradition way, a novel technique of dual matched filtering is proposed for
pre-processing. Full simulations of the proposed pre-processing and further image formation were both
performed. The results demonstrated the full functionality of the proposed pre-processing algorithm and
verified its capability of higher resolution imaging against traditional algorithm. In addition, the paper also
highlights its good computational efficiency and performance limitation against noise.

INDEX TERMS Bistatic SAR, pre-processing, resolution.

I. INTRODUCTION
Over the last decades, bistatic synthetic aperture radar
(BiSAR) has seen increasing attentions from both research
community and industrial area due to its extensive advantages
than monostatic counterparts via the geometric separation
of transmitter and receiver [1]–[9]. BiSAR system offers
large varieties of configurations and topologies by employing
different combinations of transmitter and receiver orienta-
tions. Among them, the GNSS based BiSAR systems (GNSS-
BiSAR) are actively remarked recently [5]–[11]. In such
systems, GNSS is employed as transmitter of opportunity,
while the receiver can be mounted on the moving vehi-
cle or fixed on the ground. GNSS-BiSAR system benefits
from good safety, low cost, good system stability, large
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constellation, short revisit time and flexible configuration,
etc. Generally, the transmitter can be any GNSS satellite, e.g.
GPS, GLONASS, Galileo and Beidou. This paper focuses on
the problem of Galileo based BiSAR, which is denoted as
Galileo-BiSAR in this paper (Fig. 1).

The pre-processing is the first step for all BiSAR sys-
tems before any further processing such as image formation,
in order to achieve the coherent processing [12]–[16]. The
main idea of pre-processing is to extract and remove the
mismatch of delay, Doppler, phase and other effects, etc.
between transmitter and receiver. In this way, the subsequent
processing of the pulse compression between radar chan-
nel (RC) signal and local reference signal (generated with the
aid of pre-processing output) will be realized in a coherent
basis. In conventional imaging BiSAR systems, either the
transmitting or the receiving platform (or both) are radar
platforms. One of the implications in such configurations is
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FIGURE 1. Schematic of Galileo-BiSAR.

that both the direct and reflected signal powers are signif-
icantly high. In many cases this allows a direct measure-
ment of some parameters (e.g. delay, Doppler, phase, etc.)
through techniques like signal envelope detection, or even a
direct comparison between the direct and reflected signals
to extract any receiver artefacts. Those pre-processing meth-
ods were well recorded in literatures [17]–[19]. Unlike con-
ventional BiSAR system, however, GNSS-BiSAR employs
the un-cooperative GNSS satellite as the transmitter. As the
GNSS satellite was not originally designed for remote sens-
ing, they lack the power budget and resolution capability of
conventional imaging BiSAR [20]. As such, the approaches
described above are not applicable to our case. The research
work regarding GNSS-BiSAR pre-processing methods can
be found in [21]–[24]. However, using only Galileo satellite
single band signal E5a or E5b, the corresponding bandwidth
is 20MHz and range resolution is 15m [25]. Such coarse
resolution is not acceptable in most remote sensing scenarios.
To address this challenge, Ma et al. proposed a spectrum
combining method for Galileo-BiSAR pre-processing [26].
In their strategy, a technique called spectrum equalizationwas
applied to a joint E5 signal, which is consisted of E5a and
E5b signals. In this way, the bandwidth of the pre-processed
signal can be up to 50MHz, resulting in the resolution of 6m
in range direction. It is noted that, however, such algorithm
is only valid in the noise-free environment and not feasible
in real practice due to that spectrum equalization factor of
the E5 signal can’t be accurately measured in the echo signal
on real time basis, whose SNR is merely −20dB even after
LNA (Low Noise Amplifier) and cascade PA (Power Ampli-
fier) [27]. To conclude, the existing pre-processing methods
are insufficient in improving resolution for Galileo-BiSAR
system.

This paper presents an improved pre-processing algo-
rithm for Galileo-BiSAR system. The new algorithm pro-
poses a novel technique of dual matched filtering to achieve
optimal resolution in range direction. The rest of this
paper is organized as follows. Section 2 provides the

concept of Galileo-BiSAR; The traditional pre-processing
was introduced in section 3; Section 4 presents the proposed
pre-processing algorithm. The simulation results and discus-
sions are described in section 5; The conclusion is drawn in
section 6.

II. GALILEO-BISAR CONCEPT
Galileo-BiSAR employs Galileo satellite as the transmitter of
opportunity and the receiver can be mounted on the moving
platform or fixed on the ground, pointing to a certain targeting
area. By coherent signal processing on the collected Galileo
satellite signal reflected from this area, its objects and terrain
can be reconstructed via imaging.

Galileo satellite, as the transmitter of opportunity of
Galileo-BiSAR, is the European developed GNSS in last
couple of decades. The main aim is to provide high precision
positioning service to the Europe Zone and even all over the
world for its own right. It is currently being developed by
several countries within European Union (EU). Full constel-
lation of satellites will consist of 30 vehicles. The accuracy
of Galileo satellite will be better than 4m and 8m along
horizontal direction and vertical direction respectively.

The Galileo satellite provides an alternative binary offset
carrier (ALTBOC) based transmitted E5 signal, which could
be expressed as [25]:

SE5 (t) =
1

2
√
2

[
eE5a−I (t)+ jeE5a−Q (t)

]
× [χE5−s (t)− jχE5−s (t − Ts,E5/4)]

+
1

2
√
2

[
eE5b−I (t)+ jeE5b−Q (t)

]
× [χE5−s (t)− jχE5−s (t − Ts,E5/4)]

+
1

2
√
2

[
ẽE5a−I (t)+ jẽE5a−Q (t)

]
×
[
χE5−p (t)− jχE5−p (t − Ts,E5/4)

]
+

1

2
√
2

[
ẽE5b−I (t)+ jẽE5b−Q (t)

]
×
[
χE5−p (t)− jχE5−p (t − Ts,E5/4)

]
(1)

where Ts is the sub-carrier period, eE5a−I and eE5b−I are
the in-phase terms of the eE5a and eE5b signal respectively,
which contain the navigation data. eE5a−Q and eE5b−Q are
the quadrature terms of the eE5a and eE5b signal respectively,
which serves as the pilot signal. ẽE5a−I , ẽE5a−Q, ẽE5b−I ,
ẽE5b−Q are the by-products of eE5a−I , eE5a−Q, eE5b−I and
eE5b−Q. These terms are used to obtain the constant envelope
of E5 signal.

Figure 2 shows the frequency spectrum of the E5 signal.
It can be observed that both E5a band and E5b band have

the same bandwidth of 20.46MHz. In addition, as they are
separated, it is relatively straightforward to apply either band
for pre-processing and imaging, which was deeply discussed
in previous work [24].

The receiver prototype of Galileo-BiSAR system is a
dual channel Galileo satellite signal receiver. The hetero-
dyne channel (HC) receives signal directly from satellite
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FIGURE 2. E5 signal spectrum.

for pre-processing. The radar channel records signal reflected
from target area, with the purpose of image formation.
The receiver constitutes a three-stage down-convertor, which
transfers the received RF analog signal to the baseband digital
signal. The details of the system hardware are outside the
scope of this paper but can be found in [27]. The block
diagram of receiver is shown in Fig. 3 for clarification.

FIGURE 3. Block diagram of Galileo-BiSAR system receiver [28].

III. GALILEO-BISAR TRADITIONAL PRE-PROCESSING
ALGORITHM
In this section, the traditional pre-processing algorithm for
Galileo based BiSAR is briefly described. As mentioned
before, the HC signal is used for pre-processing and the
RC signal is used for range compression and further image
formation with the aid of pre-processing output. It is also
noted that the quadrature component E5a or E5b signal, i.e.
eE5a−Q or eE5b−Q doesn’t contain navigation message, which
makes their pre-processing simpler. Take E5b-Q signal as
an example, the HC signal and the RC signal after down-
converting, demodulation and ADC could be given by [28]:

sE5b−Q,HC (t) =
Tdwell∑
n=1

eE5b−Q
[
t − τE5b−Q,HC (t)

]
· c (t − nTc)

· exp
{
j
[
2π fE5b−Q,HC (t) t
+jφE5b−Q,HC (t)

]}
(2)

FIGURE 4. Block diagram of traditional pre-processing algorithm.

sE5b−Q,RC (t) =
Tdwell∑
n=1

eE5b−Q
[
t − τE5b−Q,RC (t)

]
· c (t − nTc)

· exp
{
j
[
2π fE5b−Q,RC (t) t
+jφE5b−Q,RC (t)

]}
n = 1, 2, . . . ,Tdwell (3)

where Tdwell is the dwell time of Galileo-BiSAR.

c (t) =
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∪
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(4)

τE5b−Q,HC (t), fE5b−Q,HC (t), φE5b−Q,HC (t), τE5b−Q,RC (t),
fE5b−Q,RC (t) and φE5b−Q,RC (t) are the E5b-Q signal, delay
signature, Doppler signature and phase signature of the HC
signal and RC signal respectively.

The block diagram of traditional pre-processing algorithm
is shown in Fig. 4 [24].

The processing steps of traditional pre-processing algo-
rithm is described below:
• Step 1. Signal signature extraction.
A duplicate of transmitted signal, i.e. eE5b−Q is gener-
ated can be given by:

s0 (t) = eE5b−Q (t) (5)
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Then, the matched filtering of sHC (t) and s0 (t) results
in the extraction of delay, Doppler and phase of HC
signal at the nth chip duration, denoting As τ̂ nE5b−Q,HC ,
f̂ nE5b−Q,HC and φ̂nE5b−Q,HC . It is noted here that the
extraction resolution is one chip duration.

• Step 2. Delay error, Doppler error and phase error esti-
mation.
The theoretical delay history, Doppler history and phase
history at the nth chip duration can be obtained from the
coordinates of the transmitter and receiver from third
party [30], which could be given by:

τ̄ nHC =

∣∣∣⇀PR − ⇀

PT
∣∣∣

c
φ̄nHC = 2π fcτ̄ n

f̄ nHC = d φ̄nHC (6)

where
⇀

PR and
⇀

PT represents the coordinates of receiver
and transmitter respectively. |·| defines the determine of
a matrix. c is the speed of light wave, fc is the operational
frequency of Galileo satellite.ddefines the differential
operation.
Then, the delay error, Doppler error and phase error of
the HC signal will be given by:

1τ nE5b−Q,HC = τ̂
n
E5b−Q,HC − τ̄

n
HC

1φnE5b−Q,HC = φ̂
n
E5b−Q,HC − φ̄

n
HC

1f nE5b−Q,HC = f̂ nE5b−Q,HC − f̄
n
HC (7)

It is noted that, as those errors are introduced by the
effects such as atmosphere effects, thermo-noise, etc.
They are identical in radar channel as well. The math-
ematical expressions of delay error, Doppler error and
phase error of the RC signal can be given by:

1τ nE5b−Q,RC ' 1τ
n
E5b−Q,HC

1φnE5b−Q,RC ' 1φ
n
E5b−Q,HC

1f nE5b−Q,RC ' 1f
n
E5b−Q,HC (8)

• Step3. Reference signal generation.
The reference signal for following pulse compression
could be generated as:

hE5b−Q (t)

=

Tdwell∑
n=1

eE5b−Q
[
t −1τ nE5b−Q,RC

]
× c (t − nTc) exp

{
j
[
2π1f nE5b−Q,RC t
+1φnE5b−Q,RC

]}
(9)

• Step 4. Pulse compression between reference signal and
RC signal.
The pulse compressed signal can be given by:

PCE5b−Q (τ )

= MF
[
hE5b−Q (t) , sE5b−Q,RC (t)

]

=

Tc∑
t=0

sE5b−Q,RC (τ − t)·h1E5b−Q (t)

=

Tdwell∑
n=1

RE5b−Q
[
τ − τ̃ nE5b−Q

]
· exp

{
j

[
2π f̃ nE5b−Qτ
+φ̃nE5b−Q

]}
(10)

where MF [·] defines the mathematical operation of
matched filtering. RE5b−Q [·] defines the triangular
shaped envelope of the matched filtered function
between reference signal and RC signal. τ is the delay
shift in the matched filtering operation. τ̃ nE5b−Q, φ̃

n
E5b−Q

and f̃ nE5b−Q are the compensated delay, Doppler and
phase signatures of pulse compressed signal at the nth

chip duration, which are written as:

τ̃ nE5b−Q = τ
n
E5b−Q,RC −1τ

n
E5b−Q,RC

φ̃nE5b−Q = φ
n
E5b−Q,RC −1φ

n
E5b−Q,RC

f̃ nE5b−Q = f nE5b−Q,RC −1f
n
E5b−Q,RC (11)

It can be observed from Eq. (11) that after error removal,
these three parameters are only formed by the signal propa-
gation [24].

As the pulse compressed signal, i.e. PCE5b−Q (t) has the
same nature with auto-correlation function of E5b-Q signal,
especially in terms of resolution, the brief simulation of
E5b-Q auto-correlation is sufficient here. The comprehen-
sive simulation result of pre-processing will be in shown in
section 5. Fig. 5 presents the auto-correlation function of
E5b-Q signal.

FIGURE 5. Auto-correlation function of E5b-Q signal.

It can be found from Fig. 5 that the impulse response width
of the compressed signal occupies the while chip duration,
which conforms to the theoretical expectation. In addition,
the range resolution of Galileo-BiSAR could be obtained
from the value of the impulse response width at 0.707, which
is attributed only to the bandwidth of the radar signal

To improve the resolution, however, the most straightfor-
ward way to mind is to narrow the impulse response width
of the cross-correlation function, which in turn, to increase
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the bandwidth on its own. To this end, a joint band E5-Q
signal, consisting of E5a-Q signal and E5b-Q signal, with the
bandwidth of 50MHz is employed. The pulse compression
result of direct adoption of the traditional pre-processing
algorithm to the E5-Q signal can be written as:

PCE5−Q (τ ) = MF
[
hE5−Q (t) , sE5−Q,RC (t)

]
=

Tc∑
t=0

sE5−Q,RC (τ − t)·h1E5−Q (t)

=

Tdwell∑
n=1

RE5−Q
[
τ − τ̃ nE5−Q

]
· exp

{
j

[
2π f̃ nE5−Qτ
+φ̃nE5−Q

]}
(12)

where RE5−Q [·] defines the auto-correlation envelope of
the matched filtered function between reference signal and
E5-Q joint band RC signal. τ̃ nE5−Q, φ̃

n
E5−Q and f̃ nE5−Q are the

compensated delay, Doppler and phase signatures of pulse
compressed E5-Q joint band signal, which are introduced
only from signal propagation

Same as mentioned before, the simulation result of auto-
correlation function of E5-Q signal is shown in Fig. 6.

FIGURE 6. Auto-correlation function of E5-Q signal.

It can be observed that the joint band E5-Q signal is
well focused and the width of the main-lobe is one third
of that of single band E5b-Q signal as shown in Fig. 5,
which would imply three times better resolution. It is noted
that, however, the magnitudes of the first side-lobe is only
−3.5dB lower than the main lobe, which would introduce
false alarms in the imaging. Therefore, joint band signal
with traditional pre-processing algorithm is not suitable for
imagery application.

IV. GALILEO-BISAR PROPSED PRE-PROCESSING
ALGORITHM
In this section, a novel pre-processing algorithm is proposed
to realize the optimal impulse response width and keep the
side-lobes minimum in Fig. 6. The new algorithm employs a
specially designed technique of dual matched filtering. The
block diagram of the new algorithm is shown in Fig. 7:

FIGURE 7. Block diagram of the proposed pre-processing algorithm.

The processing steps of the proposed algorithm is
described as follows:

• Step 1. Same with the step 1 and 2 in traditional algo-
rithm, the ultimate delay error, Doppler error and phase
error at the nth chip duration are obtained and are given
as:

1τ nE5−Q,HC = τ̂
n
E5−Q,HC − τ̄

n
HC

1φnE5−Q,HC = φ̂
n
E5−Q,HC − φ̄

n
HC

1f nE5−Q,HC = f̂ nE5−Q,HC − f̄
n
HC (13)

where τ̂ nE5−Q,HC , f̂ nE5−Q,HC and φ̂nE5−Q,HC are the
extracted delay history, Doppler history and phase his-
tory of the E5-Q joint band HC signal at the nth chip
duration. Alike Eq. (7), the counterparts of E5-Q joint
band RC signal can be given by:

1τ nE5−Q,RC ' 1τ
n
E5−Q,HC

1φnE5−Q,RC ' 1φ
n
E5−Q,HC

1f nE5−Q,RC ' 1f
n
E5−Q,HC (14)

• Step 2. Reference signal generation, the details are
described as follows:
First, two base signals are defined as:

B1E5−Q (t) =


√
12 t ∈

(
0,
Tc
12

]
0 t ∈

(
Tc
12
,Tc

) (15)

B2E5−Q (t) = B1E5−Q (Tc − t) (16)

The waveforms of B1E5−Q (t) and B2E5−Q (t) are shown
in Fig. 8:
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FIGURE 8. Waveforms of B1
E5−Q and B2

E5−Q
(
t
)
.

Then, based on Eq. (14), Eq. (15) and Eq. (16), two refer-
ence signal can be given by:

h1E5−Q,1 (t) =
Tdwell∑
n=1

B1
[
t−1τ nE5−Q,RC

]
· c (t − nTc)

· exp
{
j
[
2π1f nE5−Q,RC t
+1φnE5−Q,RC

]}
(17)

h2E5−Q (t) =
Tdwell∑
n=1

B2
[
t −1τ nE5−Q,RC

]
· c (t − nTc)

· exp
{
j
[
2π1f nE5−Q,RC t
+1φnE5−Q,RC

]}
(18)

• Step 3. Pulse integration between reference signal and
RC signal via the application of proposed technique of
dual matched filtering, the details are given as follows:
Thematched filtering between received joint band signal
sE5−Q,RC (t, u) and two local base signals are given as:

R1E5−Q (τ ) = MF
[
h1E5−Q (t) , sE5−Q,RC (t)

]
=

Tc∑
t=0

sE5−Q,RC (τ − t) ·h1E5−Q (t)

=

Tdwell∑
n=1

Rb1,E5−Q
[
τ − τ̃ nE5−Q

]
(19)

· exp

{
j

[
2π f̃ nE5−Qτ
+φ̃nE5−Q

]}
R2E5−Q (τ ) = MF

[
h2E5−Q (t) , sE5−Q,RC (t)

]
=

Tc∑
t=0

sE5−Q,RC (τ − t) ·h2E5−Q (t)

=

Tdwell∑
n=1

Rb2,E5−Q
[
τ − τ̃ nE5−Q

]
· exp

{
j

[
2π f̃ nE5−Qτ
+φ̃nE5−Q

]}
(20)

where R1E5−Q (τ ), R
2
E5−Q (τ ) represent the two matched fil-

tering results, which are shown in Fig. 9
The pulse integration is performed via following equation:

PCE5−Q (τ ) =
∣∣∣R1E5−Q (τ )∣∣∣+ ∣∣∣R2E5−Q (τ )∣∣∣

−

∣∣∣R1E5−Q (τ )+ R2E5−Q (τ )∣∣∣ (21)

where |·| defines the operation of modulo.

FIGURE 9. Waveforms of R1
E5−Q (τ) and R2

E5−Q (τ).

FIGURE 10. Pulse compression results comparison.

The pulse integration result of the joint band E5-Q signal in
one chip duration by proposed algorithm is shown in Fig. 10.
In this figure, the latest result shown in red solid line is over-
lapped with the results of single band E5b-Q signal (Fig. 6)
and joint band E5-Q signal (Fig. 7) by traditional algorithm,
which are shown in blue dashed line and green dotted line
respectively for comparison.

It is apparent from Fig. 10 that the proposed algorithm
removes all the side-lobes and results in a better resolution
by more than three times as well as less false alarm (i.e. less
side-lobes) than the others to a large extent.

V. SIMULATION AND DISCUSSION
A. POINT SPREAD FUNCTION SIMULATION
AND ANALYSIS
Simulation experiments were made to verify the performance
of the proposed pre-processing algorithm for Galileo-BiSAR
system. For the sake of comparison, the simulations were
implemented for three scenarios:

1) Single band E5b-Q signal with traditional pre-
processing algorithm.

2) Joint band E5-Q signal with traditional pre-processing
algorithm.

3) Joint band E5-Q signal with proposed pre-processing
algorithm.

It is noted that, the simulation results of pre-processing is
not visible as the pulse compressed RC signal is buried in
the noise. However, those can be checked once the images
are formed. As a result, an integrated simulations including
pre-processing and imaging are performed in this section.
At the current stage, PSF (Point Spread Function) is sufficient
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to verify the proposed technique. In addition, for the sake of
accuracy, Back-Projection Algorithm (BPA) is employed to
focus the pre-processed data.

Table 1 presents the simulation parameters, which are
similar to the real experiments to a large extent as in [30].
GIOVE-A is used as the transmitter. The dwell time is
100 seconds. The satellite trajectory is obtained from the
GNSS open sources [29]. It is significantly noted that
the noise is added to RC signal to emulate the SNR of
−20dB [27].

The simulated images of the three scenarios are shown
in Fig. 11 (a), Fig. 11 (c) and Fig. 11 (e) respectively, while
the corresponding cross-sections of the range direction are
shown in Fig. 11 (b), Fig.11 (d) and Fig.11 (f) respectively.

TABLE 1. Simulation parameters.

FIGURE 11. Imaging result and range cross-section (a) Single band E5b-Q
signal imaging, (b) Range cross-section of Fig. 9(a), (c) Joint band E5-Q
signal imaging with traditional pre-processing algorithm, (d) Range
cross-section of Fig. 9(c), (e) Joint band E5-Q signal imaging with
proposed pre-processing algorithm, (f) Range cross-section of Fig. 9(e).

It could be found from Fig. 11 that the range resolu-
tion is improved from 15m to 4m after employing proposed

pre-processing algorithm to the joint band E5-Q signal,
given the same image formation algorithm, i.e. BPA applied.
In addition, the cross-sections of the images at range direc-
tions are in good coincidence with the simulated ones as
shown in Fig. 10.

B. COMPUTATIONAL EFFICIENCY
The computational complexity of the proposed pre-processing
algorithmwas considered in this section. The comparisonwas
made between proposed algorithm and traditional counter-
part [24].

Let a single chip signal consists ofNt samples and the dwell
time consists of Nu chips. Let the running time of a single
operation of addition, subtraction, and multiplication is Tadd ,
Tsub and Tmul respectively, According to Eq. (2) to Eq. (21),
the operations required by the traditional algorithm [24] and
the proposed algorithm could be expressed as:

Nold = (3Nt logNt+2Nt )N uTmul
+ 6Nt logNtNuT add + NtNuT sub (22)

Nnew = (4.5Nt logNt+3Nt )N uTmul
+ (9Nt logNt+3Nt )N uTadd + NtNuT sub (23)

The operational time difference of proposed algorithm
against conventional algorithm can be given by:

Ndiff = Nnew − Nold
= (1.5Nt logNt+Nt )N uTmul
+ (3Nt logNt+3Nt )N uTadd (24)

A typical scenario with Galileo-BiSAR is given by these
parameters:

Nt = 50000

Nu = 100000

Tadd = 1/10000000000

Tmul = 1/1000000000

Then the operational delay of proposed algorithm against
traditional algorithm is merely less than 1 minute, which is
acceptable in most off-line scenarios.

C. PERFORMANCE LIMITATION
This section provides a general discussion of the perfor-
mance limitation of the proposed pre-processing algorithm
against noise level from both theoretical and simulation level.
It should be noted that, however, as the performance of
the target recognition can only be evaluated at the stage
of imaging, the joint performance limitation including both
pre-processing algorithm and azimuth compression algo-
rithm leading to the final image is discussed in this section.
Generally, the joint performance depends on the total pulse
compression power gain in the full lifecycle of image forma-
tion. The total pulse compression gain is consisted of pulse
compression gain at range direction and azimuth direction,
which is highly related to the trial parameters such as bistatic
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TABLE 2. Simulation parameters.

FIGURE 12. Imaging result and range cross-section (a, b) −126dB,
(c, d) −120dB, (e, f) −114dB, (g, h) −108dB.

topology, chip duration, signal structure, dwell time, pulse
repetition frequency, etc. The analytical formula of pulse
compression power gain can be given by:

Gtotal(dB) = Gr (dB)+Ga(dB)

= Gr (dB)+ 20log10(Ba × Tdwell) (25)

where Gr (dB) is the pulse compression power gain at range
direction, which can be calculated at given chip duration
and sampling rate. Ba is the generated azimuth bandwidth
duration the dwell time and Tdwell is the dwell time. Ba can
be calculated at given bistatic topology and dwell time.

With the same simulation parameters in Table 1, the values
of the three parametersmentioned above have been calculated
and are listed in the Table 2:

Then applying Eq. (25), the total pulse compression power
gain i.e. Gtotal(dB) will be 126dB. In other words, the target
will not be visible if the signal-to-noise ratio is lower than
−126dB in this specific simulation scenario. To better explain
what will happen in severe noisy environment, a set of imag-
ing simulations at different SNR levels: −126dB, −120dB,
−114dB and−108dB is performed and the results are shown
in Fig. 12. The finally formed images after using proposed
pre-processing algorithm and Back-projection imaging algo-
rithm (Back-projection imaging algorithm is performed in the
time domain, it is more accuracy than any frequency domain
algorithms and it is usually used for prototype verification and
calibration) are shown in Fig. 12 (a), (c), (e) and (g), while
their corresponding range cross-sections of the zero azimuth
distance are shown in Fig. 12(b), (d), (f) and (h).

It can be found from the above results that with the growing
SNR, the point target becomes gradually visible. In addition,
at SNR = −126dB, the target can’t be seen, which con-
forms to the theoretical expectation. It should be noted that,
however, the discussion described above is the theoretical
evaluation in ideal scenario. In real practice, due to various
hardware impacts, imaging impacts and speckle noise intro-
duced duration SAR imaging, the SNR should be higher to
maintain the acceptable performance.

VI. CONCLUSION
This paper presents a novel pre-processing algorithm for
Galileo-BiSAR system, with the aim of resolution improve-
ment. The proposal is achieved by applying a specially
designed technique of dual matched filtering on the joint
band of E5-Q signal rather than single E5a-Q/E5b-Q signal
of traditional way. Current simulation results show that all
the side-lobes have been removed and the resolution in the
range direction can be improved more than three times via
proposed algorithm as well as less false alarms. In addition,
the computational complexity of the proposal is discussed
against the traditional algorithm. Calculation indicates that
the proposed algorithm is achieved at the expense of some
operational delay, which is, however, acceptable in most off-
line scenarios. What is more, the analysis of the performance
limitation indicates that the proposed pre-processing algo-
rithm validates if the SNR of the received signal is higher than
−126dB from theoretical perspective. It is concluded that the
proposed algorithm allows a better resolution in great length
at a little expense of computational complexity. It is also
noted that, due to the signal of Beidou satellite from China
has high level of similarity with Galileo signal, the proposed
pre-processing algorithm may be applicable to Beidou based
radar system as well.

The next step of work will divert to the investigation of pre-
processing algorithm of other type of GNSS-BiSAR system.
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