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Abstract
The seawater salinity and temperature of an ocean are key parameters required for environmental evaluation, with Raman 
and Brillouin scattering techniques offering a potentially accurate approach. A method for Brillouin scattering spectrum 
measurement based on a double-edge technique is proposed, and a retrieval model for simultaneously acquiring Brillouin 
shifts and linewidths is built. The accuracy of the proposed retrieval model is analyzed using simulations, and the results 
show that this double-edge technique provides good performance in terms of Brillouin scattering spectrum reconstitution 
and is a feasible method for simultaneous seawater temperature and salinity inversion.

1 Introduction

Raman and Brillouin scattering caused by the interaction 
between a laser and seawater molecules are related to both 
temperature and salinity, and remote sensing of these proper-
ties can be realized by detecting these two types of scattering 
spectrum [1, 2]. Because of the large frequency shift, wide 
spectrum, and relatively easy detection provided by Raman 
scattering, developments have been made in seawater tem-
perature and salinity measurement using Raman scattering 
[3, 4]. However, from the perspective of scattering mecha-
nisms, the Brillouin scattering cross-section is larger than 
that of Raman scattering, which results in a stronger echo 
energy intensity and deeper detection distance. In addition, 
the Brillouin scattering spectrum frequency shift is smaller 
and its distribution in the frequency domain is narrower than 
the Raman spectrum, while the corresponding background 
noise of a Brillouin scattering effective spectrum segment is 
lower, with a higher signal-to-noise ratio [5]. These advan-
tages suggest that Brillouin scattering light detection and 

ranging (lidar) is an important avenue for the development 
of seawater temperature and salinity measurement.

As a new detection technology, Brillouin lidar has already 
been used for ocean remote sensing. Through the extrac-
tion of chrematistic Brillouin spectrum parameters such as 
Brillouin shift and linewidth (full width at half maximum), 
the inversion of ocean environmental parameters, such as 
acoustic velocity, temperature, and salinity, and underwater 
target detection may be realized [6, 7].

In Brillouin lidar applications, the critical step is to accu-
rately obtain the Brillouin spectrum. In general, a scanning 
Fabry–Perot (F–P) interferometer is used for high-precision 
Brillouin spectrum measurement [8]. However, an F–P scan-
ning interferometer requires that the incident light be strictly 
collimated [9], which is difficult to achieve in a real envi-
ronment. Furthermore, this type of scanning takes a certain 
amount of time [10], rendering it unable to provide real-time 
spectral measurement and limiting the practical application 
of Brillouin lidar.

To obtain Brillouin parameters in real time, Fry et al. 
employed the edge technique to measure Brillouin shift 
[11]. The basic idea of the edge technique is to local a fre-
quent-dependent backscattering line on the steep edge of 
a transmission line of an optical filter so that a small fre-
quency change can provide a large signal variation [12]. The 
iodine absorption cell was adopted as the edge filter, which 
had steep transmission edges located at the center of each 
Brillouin line with opposite slopes. The results indicated that 
edge technology was highly sensitive, although it was unable 
to provide the Brillouin linewidth, with the exception of the 
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Brillouin shift. Moreover, as the position of the absorption 
peak of the iodine molecule is fixed, the edge filter could 
not be adjusted.

To obtain a complete Brillouin spectrum, Liu et al. [13] 
later proposed a detection method based on F–P etalon and 
intensified charge-coupled device (ICCD). The Brillouin 
scattering echo passing through the F–P etalon is converted 
into interference fringes, which is then recorded by the 
ICCD. After signal processing, the Brillouin spectrum may 
be extracted from the interference signal of the ICCD. How-
ever, the limitation of the integral time of the ICCD means 
that the Brillouin scattering spectrum cannot be obtained 
quickly and continuously in this manner.

Considering the requirements of real-time and complex 
measurement of the aforementioned technologies, edge-
detection technology provides the advantage of real-time 
measurement and is more suitable for practical applica-
tions. Nevertheless, the edge technique still requires two 
key improvements. First, a flexible edge filter should be 
developed, which suggests modifying the edge filter to adjust 
filtering position and bandwidth, and obtain a larger meas-
urement range. T. Walther [14] designed an excited-state 
Faraday anomalous-dispersion optical filter (ESFADOF) 
to replace the I2/Br2 absorption filter. ESFADOF is a new 
type of edge filtering technique [15], which can control 
magnetic field intensity to find the appropriate edge filtering 
absorption function. In addition, the receiver of ESFADOF 
has a wide-range field of view, high noise-rejection abil-
ity, and short response time, which enhances the practi-
cability of edge Brillouin lidar. Second, the measurement 
method of the edge technique must be improved. In current 
edge techniques, only the Brillouin shift may be obtained 
by detecting energy intensity, as opposed to the complete 
Brillouin spectrum, which means that a significant amount 
of important information such as the Brillouin linewidth is 
lost. The Brillouin linewidth is of great significance to the 
temperature, salinity, and attenuation coefficient of seawater 
[16]. Furthermore, as in the case of the Brillouin shift, the 
Brillouin linewidth also changes with temperature and salin-
ity, which may both be related to energy intensity detection 
[17].

The purpose of this study is to improve the edge tech-
nique to measure the complete Brillouin scattering spec-
trum. In theory, the Brillouin scattering spectrum in a hydro-
dynamic regime, similar to that of water, can be expressed 
by the Lorenz function [18, 19], and this spectrum func-
tion is determined by the Brillouin shift and the Brillouin 
linewidth, implying that the Brillouin scattering spectrum 
may be obtained by measuring the two parameters simul-
taneously. Therefore, a method is proposed to obtain the 
Brillouin scattering spectrum using double-edge technol-
ogy, as in applications in atmosphere wind measurement 
[20]. The purpose of the two edge filters here is to obtain 

two Brillouin scattering spectral fragments with a high spec-
tral resolution (HSR). When the environmental parameters 
of seawater (such as temperature and pressure) change, the 
energy intensity passing through these two filters will also 
vary. Hence, the Brillouin scattering spectrum of seawater 
may be restructured, and the temperature and salinity of sea-
water are measured by detecting the change of the energy 
intensity.

This method could expand the measurement functional-
ity of the edge technique and enhance the application of 
Brillouin lidar in remote sensing of environmental factors 
such as ocean temperature and salinity. The rest of the paper 
is structured as follows. The measurement theory based on 
a double-edge filter is described in Sect. 2, and its optimiza-
tion is described in Sect. 3. Section 4 details the retrieval 
model built based on this theory. Sections 5 and 6 provide an 
analysis of the model’s performance and accuracy, respec-
tively. Finally, Sect. 7 presents the conclusions of our study.

2  Theory

The edge technique was first proposed by Gelbwachs [21] 
in 1988 before Fry et al. [11] applied it to Brillouin shift 
measurement in ocean remote sensing.

For the edge filter, a steep slope is located along a 
Brillouin line. A small change in the Brillouin shift produces 
large changes in the transmitted light of the edge filter so that 
the Brillouin shift can be measured by detecting changes in 
the transmitted light. In general, the relative energy intensity 
is adopted in practical applications to reduce the influence 
of energy intensity instability on results. First, the bromine 
molecular absorption cell is used as a band-stop filter to 
remove the unshifted Rayleigh scattering light. The trans-
mitted light is then split into two beams with equal energies 
by a 1:1 beam splitter. One beam is directly received by a 
detector with energy intensity S1 as the reference energy 
intensity. The other beam passes through an iodine mol-
ecule absorption cell and is received by another detector, 
with energy intensity S2. Energy intensity S2 is related to the 
relative position between the Brillouin shift signal and the 
absorption line of the iodine molecule. S(vB) = S1/S2 ( vB is 
the Brillouin shift of the Brillouin lines) provides a normali-
zation ratio that may be used in Brillouin shift measurement.

When measuring the Brillouin shift using the edge tech-
nique, the energy intensity through the edge filter is only 
related to the Brillouin shift, assuming that the Brillouin 
linewidth has a constant value. A typical value of the 
Brillouin linewidth is 0.5 GHz [12], which corresponds to 
a seawater temperature of 25 ℃. In fact, Brillouin linewidth 
varies with changing temperature and salinity [22]. For sea-
water in the temperature range of 0−30 ℃ and salinity of 
0−35 ‰, the Brillouin linewidth varies between 0.5 and 



Brillouin shift and linewidth measurement based on double-edge detection technology in…

1 3

Page 3 of 9 160

1.8 GHz. Therefore, the Brillouin linewidth affects the 
Brillouin shift measurement in the edge technique.

In theory, the Brillouin scattering spectrum of seawater is 
characterized by the Lorenz function [13, 23]:

where vB is the Brillouin shift of the Brillouin lines, and 
ΓB is the Brillouin linewidth. Equation (1) shows that two 
key parameters, vB and ΓB , are sufficient to describe the 
Brillouin scattering spectrum, and that it may be recon-
structed if vB and ΓB are simultaneously known. In existing 
edge techniques, a single edge filter can be used to collect 
one characteristic signal, which may be used to obtain only 
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the Brillouin shift. To measure the Brillouin linewidth at the 
same time, two characteristic signals are required. Accord-
ingly, the double-edge technique is proposed to simultane-
ously measure, vB and ΓB , as shown in Fig. 1.

Figure 1a shows the principle of the double-edge detec-
tion. As opposed to the single-edge technique, there are two 
edge filters in the range of the Brillouin scattering spectrum. 
Therefore, changes in temperature and salinity corresponding 
to the change in the Brillouin shift and linewidth will result 
in a change in the energy intensity passing through the two 
edge filters. If we assume that the two characteristic energies 
are independent variables, we can obtain the two variables, 
the Brillouin shift and linewidth measurement. Edge filters 1 
(blue line) and 2 (red line) are located at the steep edges on 
different sides of the Brillouin peaks (green line) to extract two 
characteristic energies from the Brillouin scattering spectrum. 

Fig. 1  The double-edge 
technique used in the Brillouin 
scattering spectrum. a Principle 
of the double-edge filtering 
technique. b Schematic of the 
experimental setup for the 
double-edge filtering method

(a) Principle of the double-edge filtering technique.

(b) Schematic of the experimental setup for the double-edge filtering method.
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In theory, the energies passing through these two edge filters 
differ at a different Brillouin shift and linewidth, which can, 
in turn, be calculated using these two energies. To reduce the 
influence of Rayleigh scattering (yellow line), a band-stop 
filter is also required, as shown in Fig. 1a. This absorption 
filter (black line) is a band-stop filter that blocks the central 
Rayleigh line.

The receiver of a double-edge detection system is shown 
in Fig. 1b. Filter 3 is a narrow-band filter, which filters out 
background noise in the scattering spectrum that does not 
contain useful information. The returned scattering sig-
nal then passes through an absorption filter containing an 
absorption gas (iodine molecule absorption cell), which 
absorbs unshifted central Rayleigh scattering and transmits 
the Brillouin scattering energy intensity. The Brillouin scat-
tered beam passes through a beam splitter that sends a frac-
tion of the transmitted beam to the photon-counting detec-
tors PMT-g to provide energy intensity Ig , and the remaining 
beam passes through edge filters 1 and 2. After passing 
through edge filter 1 and edge filter 2, the transmitted light 
is received by PMT-1 and PMT-2 with energies I1 and I2 . 
Brillouin scattering spectrum IB , after passing through the 
absorption filter, can be expressed as:

where vB is the Brillouin shift, and ΓB is the Brillouin 
linewidth. The signal received by PMT-1 is:

and the signal received by PMT-2 is:

where Ti(i=1,2) is the transmission function of the i th edge 
filter, and vi(i=1,2) and Γi(i=1,2) are the central frequency and 
linewidth of the i th edge filter, respectively. When using 
F–P etalon as the edge filter, Ti can be expressed by the Airy 
function [24]:

in which FSRi is the free spectral range of the i th edge filter. 
The light Ig received by PMT-g is then calculated via:

and the relative energies S1 and S2 can be written as:
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The Brillouin shift vB(S1, S2) and Brillouin linewidth 
ΓB(S1, S2) may be obtained using Eqs. (3), (4), (6), and (7), 
and the retrieval model for Brillouin shift and linewidth is 
established, as discussed in Sect. 4.

3  The optimization principle

Based on the aforementioned concepts, we may build a spe-
cific retrieval model for Brillouin shift and linewidth. To 
construct a retrieval model, we must optimize its parameters, 
and the influence of incident laser linewidth on the Brillouin 
scattering spectrum should be considered first. Assuming 
that the pulse spectrum of the employed laser is a Gaussian 
function with a linewidth less than 200 MHz (the incident 
laser wavelength is 532 nm), the convolution result with the 
Brillouin spectrum is shown in Fig. 2. The simulation results 
show that the pulse width of the laser has little effect on the 
Brillouin spectrum.

In the inversion of Brillouin shift and linewidth based 
on a double-edge filter, it is crucial to appropriately select 
the center frequency and linewidth of the two edge filters, 
which are directly related to retrieval model performance. To 
optimize these parameters and establish a retrieval model, 
we must consider the following three aspects: (1) Accuracy, 
the retrieval model should be able to accurately measure the 
Brillouin scattering spectrum and meet the accuracy require-
ments for remote sensing of ocean temperature and salinity; 
(2) Sensitivity: the energy intensity of the local narrow-band 
feature spectrum filtered by two edges should not be too 
weak to be effectively detected; (3) Large dynamic range: 
the energy intensity range under different conditions should 

(7)S1 =
I1

Ig
, S2 =

I2

Ig
.

Fig. 2  Convolution results for laser pulse width and the Brillouin 
spectrum
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be as large as possible, which could improve the robustness 
of the retrieval model.

Figure 3 shows the accuracy, sensitivity, and dynamic 
range of the system under different filter center frequency 
and linewidth parameters, where the horizontal axis shows 
half the relative frequency between the two edge filters. 
Considering that the Brillouin shift range is approximately 
7.0−7.8 GHz, the center frequencies of these two edge filters 
are symmetrical at approximately 7.4 GHz. The vertical axis 
provides the linewidth of the filter.

We have calculated the inversion results of edge fil-
ters with different parameters, When the average error 
is 5 MHz, the inversion accuracy of Brillouin spectrum 
is 10 MHz, and the inversion errors of temperature and 
salinity are 1 ℃ and 2 ‰, respectively. Considering the 
current measurement range of most sensors, the minimum 
energy intensity should be greater than 0.01 to ensure a 
high signal-to-noise ratio of detection. According to the 
simulation results, when the dynamic range is greater than 
4, it has high robustness. Figure 3a shows the average error 
between the calculated data and the data for the retrieval 
function. Considering limitations in accuracy, the average 
error should be less than 5 MHz, which is shown in zone 
1 of Fig. 3a. When the relative energy intensity is greater 
than 0.01, it has better sensitivity, as shown in zone 1 in 
Fig. 3b. Dynamic range is expressed by the ratio of the 

maximum energy intensity to the minimum energy inten-
sity of the filter. It can be seen from Fig. 3(c) that when 
the filter parameter value is in zone 1, the dynamic range 
is greater than 4, which is what is required. Considering 
the above factors, the filter parameters are selected to be 
in zone 3 of Fig. 3d.

Finally, according to the above optimization principles, 
we conduct a more precise traversal search of zone 3, as 
shown in Fig. 3d, and select one group of optimal filter 
coefficients, as shown in Table 1, including the free spec-
tral range (FSR) of each filter.

4  Retrieval model

After the filters are selected, the retrieval model is con-
structed using the following simulation steps. First, the rela-
tive energy intensities S1 and S2 are obtained under different 

Fig. 3  Optimization results 
for the double-edge filtering 
method. a The residual between 
the real data and the model, b 
the minimum energy intensity 
through the filter, c the range 
of the maximum to minimum 
energy intensity, and d a combi-
nation of the results of (a), (b), 
and (c)

Table 1  Characteristics of filters A and B in the double-edge filtering 
method

v
i
∕GHz Γ

i
∕GHz FSR ∕GHz

Filter A 5.5 0.4 25
Filter B 9.3 0.4 25
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Brillouin shifts and linewidths, based on Eqs. (3), (4), (6), 
and (7). Tables 2 and 3 display the combinations of all pos-
sible Brillouin shift and linewidth values, without referring 
to the physical properties of water. In a real marine environ-
ment, it is impossible to obtain different Brillouin linewidths 
at a particular Brillouin shift. We adopt the method of simu-
lation traversal to build the retrieval model, which contains 
the real data.

The values of relative energies S1 and S2 at a Brillouin 
shift vB from 0.5 to 1.7 GHz and a Brillouin linewidth ΓB 
from 7.0 to 7.8 GHz are shown in Tables 2 and 3, respec-
tively. To obtain empirical equations for vB(S1,S2) and 
ГB(S1,S2), we perform a least-squares fit to determine their 
functions, using the data fitting software:

(8)vB
(
S1, S2

)
= r1 + r2ln

(
S1
)
+ r3ln

(
S2
)
+ r4ln

(
S1
)2

+ r5ln
(
S2
)2

+ r6ln
(
S1
)
ln
(
S2
)

+r7ln
(
S1
)3

+ r8ln
(
S2
)3

+ r9ln
(
S1
)
ln
(
S2
)2

+ r10ln
(
S1
)2
ln
(
S2
)

where ri and ti are the coefficients listed in Tables 4 and 5.
The values of the coefficients in Tables 4 and 5 are cal-

culated by fitting 120 sets of data, where the coefficient of 
multiple determination (R2) = 0.99998 and the residual sum 
of squares (Relative) = 1.49055 × 10–4 in Table 4. In Table 5, 
the coefficient of multiple determination (R2) = 0.99994, and 
the residual sum of squares (Relative) = 1.14762 × 10–3.

Equations (8) and (9) form the retrieval model based on 
the double-edge technique, which indicates that the Brillouin 
shift and Brillouin linewidth can be inverted simultaneously.

(9)
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Table 2  Calculated data for 
S1(vB,ΓB) (10

−2) at different 
values of vB and ΓB

Γ
B
(GHz) v

B
(GHz)

7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8

0.5 3.58 3.23 2.93 2.67 2.45 2.27 2.10 1.96 1.83
0.7 4.29 3.87 3.50 3.19 2.92 2.69 2.49 2.31 2.15
0.9 4.94 4.46 4.05 3.69 3.38 3.11 2.88 2.67 2.48
1.1 5.52 5.00 4.55 4.16 3.82 3.52 3.25 3.02 2.81
1.3 6.03 5.49 5.01 4.59 4.23 3.9 3.61 3.36 3.13
1.5 6.46 5.91 5.42 4.98 4.60 4.26 3.95 3.67 3.43
1.7 6.82 6.27 5.77 5.33 4.94 4.58 4.26 3.97 3.72

Table 3  Calculated data for 
S2(vB,ΓB) (10

−2) at fixed values 
of vB and ΓB

Γ
B
(GHz) v

B
(GHz)

7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8

0.5 1.64 1.76 1.91 2.07 2.26 2.48 2.74 3.04 3.4
0.7 2.00 2.16 2.34 2.55 2.78 3.05 3.37 3.73 4.16
0.9 2.36 2.55 2.76 3.00 3.27 3.58 3.94 4.36 4.85
1.1 2.71 2.92 3.15 3.42 3.72 4.07 4.47 4.92 5.44
1.3 3.03 3.26 3.52 3.81 4.14 4.51 4.93 5.41 5.96
1.5 3.34 3.59 3.87 4.18 4.52 4.91 5.35 5.85 6.41
1.7 3.63 3.89 4.18 4.51 4.86 5.27 5.71 6.21 6.78

Table 4  Coefficients of 
vB

(
S1, S2

)
 for the double-edge 

method (Eq. (8))

Value Standard error Value Standard error

r1 = 5.10357 0.3843 r2 = −5.80701 0.1885
r3 = 3.56109 0.1750 r4 = −1.40797 3.5268
r5 = 0.94482 3.0184 r6 = −0.27057 5.3537
r7 = −8.67401 × 10

−2 3.2680 r8 = 5.14992 × 10
−2 2.6116

r9 = 0.10638 6.1181 r10 = −0.15156 6.5992
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5  Numerical analysis

To evaluate the performance of the retrieval model, the 
fitting error and dependence of the Brillouin shift and 
linewidth are analyzed. The differences between vB(S1, 
S2) and ГB(S1, S2) from Eq. (8) and Eq. (9) and the corre-
sponding values from Tables 2 and 3 are shown in Figs. 4 
and 5.

Figures 4 and 5 show the error distributions of the 
Brillouin shift and Brillouin linewidth between the model 
and the values in Tables 2 and 3, respectively. The maxi-
mum error of the Brillouin shift obtained by the double-
edge technique is 3 MHz, and the Brillouin linewidth error 
is within ± 6 MHz, with the exception of two individual 
points, which are still within ± 10 MHz. When using this 
model to measure the Brillouin shift and linewidth, these 
errors are within acceptable limits.

The dependence of the retrieval model on Brillouin 
shift and linewidth is also analyzed. In theory, Brillouin 
shift and linewidth are independent physical parameters, 
and in the proposed method they are determined only 
using the energy intensity ratios S1 and S2 . To analyze the 
effect of S1 and S2 based on Eqs. (8) and (9), the changes 
in Brillouin shift caused by S1 and S2 can be expressed by:

and

Similarly, the sensitivity of S1 and S2 to Brillouin linewidth 
can be determined by:

and
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Table 5  Coefficients of 
ΓB

(
S1, S2

)
 for the double-edge 

method (Eq. (9))

Value Standard error Value Standard error

t1 = 1.15310 0.4276 t2 = 2.18084 0.3377
t3 = 282.22659 6.8489 t4 = 0.97841 0.0922
t5 = −162.50812 46.7866 t6 = 124.06047 3.5039
t7 = 0.13013 8.8036 t8 = 2088.73843 134.1312
t9 = 62.30442 12.3828 t10 = 15.46750 0.4872

Fig. 4  Difference between the fitted Brillouin shift vB
(
S1, S2

)
 and the-

oretical Brillouin shift
Fig. 5  Difference between the fitted Brillouin linewidth ΓB

(
S1, S2

)
 

and theoretical Brillouin linewidth



 K. Liang et al.

1 3

160 Page 8 of 9

The sensitivity of the proposed model can be calculated 
using Eqs. (10)–(13). S1 and S2 are obtained through the 
photoelectric conversion of the PMT. According to the char-
acteristics of the PMT, the noise of S1 and S2 should have a 
Poisson distribution in terms of its energy intensity. There-
fore, the relative uncertainty of S1 and S2 is used to analyze 
the dependencies of the Brillouin shift and linewidth as a 
function of temperature and salinity. If the relative uncer-
tainty in the intensity of  S1 and  S2 is approximately 1%, the 
maximum, minimum, and average values of �vB∕�S1 and 
�vB∕�S1 are obtained, as shown in Table 6.

These results indicate that both the range and the aver-
age value for �vB∕�S1 are significantly greater than those of 
�vB∕�S2 , which proves that the impact of  S1 on the Brillouin 
shift is much larger than that of  S2.

We also make similar comparisons between �ΓB∕�S1 and 
�ΓB∕�S2 , with the maximum, minimum, and average values 
of �ΓB∕�S1 and �ΓB∕�S2 provided in Table 7.

As shown in Table 7, there is no significant difference 
between �ΓB∕�S1 and �ΓB∕�S2 , which proves that  S1 and  S2 
have similar impacts on Brillouin linewidth.

6  Limitations of temperature and salinity 
measurement accuracy

Our ultimate goal is to measure seawater temperature and 
salinity, and so the uncertainties in the temperature and 
salinity values obtained using the proposed method must be 
further analyzed. Temperature and salinity can be obtained 
based on the Brillouin shift and linewidth [25],

where mi and ki are the coefficients, and can be found in [25]. 
Through error transfer analysis, we obtain the dependencies 
of temperature and salinity as a function of S1 and S2 . The 
uncertainties in temperature and salinity depending on  S1 
and  S2 are shown in Figs. 6 and 7.

In Figs. 6 and 7, the uncertainties in temperature and 
salinity depending on  S1 are less than 0.8 ℃ and 0.4 ‰, 
respectively; the uncertainties in temperature and salinity 
depending on  S2 are less than 0.3 ℃ and 1.4 ‰, respectively. 
The temperature uncertainty caused by  S1 is greater than 
that caused by  S2, though in terms of salinity,  S1 causes less 
uncertainty.

Some studies reported [25, 26] on the dependencies of 
temperature and salinity as a function of Brillouin shift 
and linewidth, proving that the impacts of Brillouin shift 
and linewidth on temperature are similar, but the impact of 

(14)

T
(
vB,ΓB

)
= m1 + m2 ⋅ vB +

m3

ΓB

+ m4 ⋅ vB
2 +

m5

ΓB
2 +

m6⋅vB

ΓB

+m7 ⋅ vB
3 +

m8

ΓB
3 +

m9⋅vB

ΓB
2 +

m10⋅vB
2

ΓB

(15)

S
(
v
B
,Γ

B

)
= k

1
+

k2

vB

+
k3

vB
2
+

k4

vB
3
+

k5

vB
4
+

k6

vB
5

+k
7
⋅ lnΓ

B
+ k

8
⋅ ln

2Γ
B
+ k

9
⋅ ln

3Γ
B
+ k

10
⋅ ln

4Γ
B
+ k

11
⋅ ln

5Γ
B

Table 6  Comparison between �vB∕�S1 and �vB∕�S2 for the dou-
ble-edge method ( S1:1.83 × 10–2—6.82 × 10–2; S2:1.64 × 10–2—
6.78 × 10–2)

Value (MHz/1%) (�V
B
∕�S

1
) (�V

B
∕�S

2
)

Maximum 0.0077 0.0042
Minimum 0.0018 0.0027
Average 0.0045 0.0034

Table 7  Comparison between �ΓB∕�S1 and �ΓB∕�S2 for the double-
edge method ( S1:1.83 × 10–2-6.82 × 10–2; S2:1.64 × 10–2-6.78 × 10–2)

Value (MHz/1%) (�Γ
B
∕�S

1
) (�Γ

B
∕�S

2
)

Maximum 0.0071 0.0069
Minimum 0.0040 0.0027
Average 0.0052 0.0041

Fig. 6  Temperature errors of the 
proposed double-edge method. 
a Temperature error of  S1, b 
temperature error of  S2
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Brillouin linewidth on salinity is much greater than that of 
Brillouin shift. Moreover, the higher the temperature, the 
greater the uncertainty in the temperature and salinity obtained 
using the Brillouin shift and linewidth. The results contained in 
Figs. 6 and 7 also indicate that when the seawater temperature 
is below 25 ℃, the uncertainty in the seawater temperature 
provided by the double-edge technique is 0.5 ℃, and the uncer-
tainty in salinity is 1.2 ‰, which shows the high accuracy of 
the proposed method. For temperatures higher than 25 ℃, the 
uncertainties in temperature and salinity increase. The maxi-
mum temperature error is 0.9 ℃, and the maximum salinity 
error can reach 1.4 ‰. Therefore, the proposed double-edge 
method has a higher accuracy at low temperatures.

7  Conclusion

In this study, we propose a method for measuring the Brillouin 
scattering spectrum in seawater based on a double-edge tech-
nique. This technique employs edge filters on both sides of 
the Brillouin peaks to obtain two relative energy intensities. 
Based on these two relative intensities and corresponding 
functions, a retrieval model for Brillouin shift and linewidth 
is constructed. The error and sensitivity of the retrieval model 
are analyzed, with the results indicating that the errors in the 
Brillouin shift and linewidth of seawater are 3 MHz and 
6 MHz, respectively. It is proved theoretically and experi-
mentally that Brillouin scattering spectra of seawater can be 
obtained using the proposed double-edge technique.

In addition, the uncertainties in temperature and salinity 
depending on  S1 and  S2 are analyzed. At temperatures under 
25 °C, temperature and salinity uncertainties are 0.5 ℃ and 1.2 
‰, respectively, which indicates that the double-edge technique 
is a feasible method for retrieving seawater temperature and salin-
ity information. Based on the proposed method, our next work is 
to build the experimental setup and analyze performance.
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