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Abstract: The ocean front has a non-negligible role in global ocean–atmosphere interactions, marine
fishery production, and the marine military. Hence, obtaining the positions of the ocean front is
crucial in oceanic research. At present, the positioning method of recognizing an ocean front has
achieved a breakthrough in the mean dice similarity coefficient (mDSC) of above 90%, but it is difficult
to use to achieve rapid extraction in emergency scenarios, including marine fisheries and search and
rescue. To reduce the its dependence on machines and apply it to more requirements, according to
the characteristics of an ocean front, a multi-scale model SQNet (Simple and Quick Net) dedicated to
ocean front position recognition is designed, and its perception domain is expanded while obtaining
current scale data. In experiments along the coast of China and the waters of the Gulf of Mexico, it
was not difficult to find that SQNet exceedingly reduced running time while ensuring high-precision
results (mDSC of higher than 90%). Then, after conducting intra-model self-comparison, it was
determined that expanding the perceptual domain and changing the weight ratio of the loss function
could improve the accuracy and operational efficiency of the model, which could be better applied in
ocean front recognition.

Keywords: deeply learning; ocean front; simple; high efficiency

1. Introduction

An ocean front is a narrow excess zone between two or more water masses with
significantly different characteristics, and the characteristic quantities of one or more
hydrographic elements determine the location of the front area [1]. An ocean front area
usually has a strong oblique pressure structure, and various material exchange activities are
very active and occupy an important position in the sea–air interaction [2]. The vicinity of
fronts is often accompanied by seawater irradiation [3,4], which collects marine oil, heavy
metals and other substances and is of non-negligible significance to marine environmental
protection; the sea area is usually rich in nutrients, which provide food and a living
environment for sea creatures and fish, and have certain value in the development of
marine fisheries. In addition, the ocean front also affects the structure of the flow field in the
ocean. By identifying the junction line of different water masses through the ocean front, we
can study the spatial and temporal changes of the water masses and the characteristics of the
generation and elimination potential [5]. Therefore, understanding the spatial distribution
and temporal variation of ocean fronts is of great significance in marine environmental
protection, marine fishery construction, fishing planning, and the generation and change of
marine habitats [6], and is of great significance to the understanding of mesoscale ocean
phenomena and the structure of ocean flow fields. It is also of great value to the marine
military and so on.

There are two main traditional methods with which to extract the position of an ocean
front. One is based on a gradient algorithm used to set the threshold for processing, includ-
ing the gradient algorithm [7–10] and canny algorithm [11]; the other is also a mathematical
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physical method of reformulating the algorithm, using wavelet analysis [12,13], an algo-
rithm based on the law of gravity [14–17], the histogram method [18–22], the mathematical
morphology method [23–26], and the entropy theory algorithm [27–29]. In addition to the
above methods, domestic and foreign scholars have optimized the traditional methods for
ocean front detection. Simhadri et al. [30] proposed a method based on wavelet analysis to
extract marine feature information. Additionally, based on wavelet analysis, Xue et al. [13]
performed feature extraction on the ocean front of the Gulf Stream. Hopkins et al. intro-
duced weighted local likelihood, and [31] proposed a method based on statistical models.
However, traditional methods rely on artificial threshold settings and are susceptible to
noise interference, making it challenging to accomplish high-precision marine front position
identification using them.

The model based on deep learning has been applied in recent years, and researchers
have used neural network-based ocean front detection methods for ocean front detec-
tion. Before 2019, Lima et al. [32] first attempted to detect the location of ocean front
occurrence (in a binary classification) using convolutional neural networks and achieved
high-recognition accuracy at a patch-level resolution. To improve Lima’s method, Sun
et al. [33] performed an overlapping sampling of ocean front areas and obtained a fine-
grained location of the ocean front. However, their algorithm only detected the location of
the ocean front at the patch level. As image recognition rapidly matured after 2019, many
scholars applied deep-learning-based image recognition in ocean front recognition. Li et al.
considered ocean front detection as an edge detection problem and successively proposed a
bidirectional edge detection network (BEDNet) [34] and weak edge identification network
(WEIN) [35], which can identify the location of an. ocean front at the pixel level. Li et al. [36]
used UNet to detect and locate ocean front areas in grayscale SST (sea surface temperature)
images with accurate results. Xie et al. [37] used LSENet to detect and locate multiple
ocean fronts in color SST gradient maps, achieving an ocean front recognition breakthrough
with a mDSC higher than 90%. Up until now, multiple artificial intelligence methods have
completely exceed traditional methods in terms of recognition accuracy. Currently, LSENet
is the method with the highest ocean front recognition accuracy in public.

Although LSENet performs best among the existing methods with its high accuracy, it
is difficult to accomplish intense time-sensitive marine work such as typhoon search and
rescue, fishing production, and red tide monitoring with it. For this situation, this paper
proposes a new simple and efficient model (SQNet) to meet the demand for high-precision
and high-efficiency ocean front identification, the innovations of which are as follows.
Firstly, its single-pixel ocean front-sensing domain is augmented from that of traditional
methods and other deep learning methods. Secondly, a three-layer network is built to
enable a fusion analysis of multi-scale recognition results. Thirdly, its loss function is
adapted for the small sample of the ocean front to rapidly improve its recognition accuracy
for ocean front classes.

2. Dataset

Currently, there is no available dataset that is expert-validated, so we created two
ocean front datasets: the China coastal dataset and the Gulf of Mexico dataset. First,
we collected daily SST data from the National Oceanic and Atmospheric Administration
(NOAA)’s advanced very-high-resolution radiometer (AVHRR) with a spatial resolution
of 0.05◦. Then, we selected data within these two study seas and generated SST gradient
maps.

The following equation calculated the SST gradient maps for the Sobel gradient
operator.

Gx =

−1 0 1
−2 0 2
−1 0 1

 ∗ A, Gy =

−1 0 1
−2 0 2
−1 0 1

 ∗ A (1)

G =
√

G2
x + G2

y (2)
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where Gx and Gy denote the horizontal and vertical gradient of the current coordinate
point, respectively, A denotes the matrix of 3 × 3 neighborhoods of the current coordinate
point, * denotes the convolution operation, and G denotes the coordinate point of the
gradient value of the current coordinate point. In addition, the “jet” color map of the
Python library Matplotlib is used for the color mapping of SST gradient values to generate
SST gradient maps. To prevent overfitting and to increase the amount of data, we used
random photometric distortion, random image cropping, and random image flipping to
enhance the data in both datasets.

For the Chinese offshore dataset, this paper selected the Chinese offshore region
(117.975–130.975◦E, 23.025–40.025◦N) and the period 2015–2018 (1461 samples in total) to
generate a gradient map that is 340 × 260 in size as shown in Figure 1.
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Figure 1. Labeled data in Chinese offshore dataset. (a) Original SST gradient map. (b) Labeled result.

At present, previous research results are combined to obtain the distribution of the
main fronts in the Chinese offshore; in the Bohai Sea, there are Bohai coastal fronts and
Bohai Strait fronts [38]. In the Yellow Sea, there are more ocean fronts, including the
Shandong Peninsula fronts, the Korean Peninsula west coast fronts (including West Korea
Bay fronts and Ganghwa Bay fronts), Jeju Island west coast fronts, and Jeju Island east
coast fronts [39,40]. The hydrographic condition is rather complex in the East China Sea.
Additionally, there is an abundance of ocean fronts, mainly Jiangsu coastal fronts, Yangtze
estuarine circulation fronts, Kuroshio fronts, and Zhejiang and Fujian coastal fronts in the
East China Sea [41,42]. In the northern South China Sea, there are the Taiwan shallow
fronts, Guangdong coastal fronts, Pearl River mouth nearshore fronts, Hainan Island
eastern coastal fronts, Beibu Gulf front, and Kuroshio intrusion fronts [43]. Based on the
multivariate satellite fusion data, Shi et al. [44] used the gradient detection algorithm to
study the offshore waters of China, and the SST information was obtained as shown in
Table 1.
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Table 1. Months of existence of the offshore sea temperature front of China [44].

Number Name of Ocean Front Time

1 Bohai Sea coastal front November–May

2 Bohai Strait front November–February

3 Shandong Peninsula front November–February

4 Front on the west coast of the Korean Peninsula December–February

5 West-oast front of Jeju Island December–May

6 East-coast front of Jeju Island December–May

7 Ring front at the mouth of the Yangtze River January–February

8 Jiangsu coastal front December–February

9 Zhejiang and Fujian coastal front November–May

10 Tokai Kuroshio front December–May

11 Taiwan Shoal front December–May

12 Guangdong coastal front December–February

13 Pearl River Estuary inshore front December–February

14 Eastern Hainan Island coastal front Instable

15 Beibu Gulf front December–January

16 Kuroshio invasion front December–January

Based on the abovementioned expert experience and existing research, we used
method [44,45] to divide each pixel in the image into two categories: one is the ocean
front class, and a certain point is the front class, which is the geographical location cor-
responding to the pixel at the corresponding time of the ocean front; the other type is
the background class, and a certain point is the background class, where no ocean front
appears.

To evaluate the performance of the model, data from the whole year of 2018 (365 sam-
ples in total) were selected as the test set. To ensure that the test set contained the ocean
front for all seasons, the remaining data (1096 samples in total) from 2015 to 2017 were
used as the training set for model training. To facilitate data enhancement and model
downsampling, we reshaped the size of the original input images to 352 × 352 × 3 using
the zero padding method.

For the Gulf of Mexico dataset, the Gulf of Mexico’s current front region is selected in
this paper as (80.0–98.2◦W, 17.8–31.0◦N), and the period 2007–2011 is selected (1824 samples
in total), to generate gradient maps that are 264 × 364 in size, as shown in Figure 2.

Within the study area, the fronts are highly influenced by wind forcing, wind-driven
Ekman transport and related upwelling/downwelling, river discharge, ocean currents, and
topography. They may be associated with local tides due to their geographical location [46].
Within the Gulf of Mexico region, ocean fronts are mainly found in the coastal and current
areas.

Based on the abovementioned expert experience and existing research, we the use
method in [1,44] to divide each pixel in the image into two categories: one is the ocean front
class, and a certain point is the front class, which is the geographical location corresponding
to the pixel at the corresponding time of the ocean front; the other type is the background
class, and a certain point is the background class, where no ocean front appears.
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To evaluate the performance of the model, data from 2010 to 2011 (729 samples in total)
were selected as the test set. To ensure that the test set contained the ocean front for all
seasons of the year, the remaining data from 2007 to 2009 (1095 samples in total) were used
as the training set for model training. Finally, a zero padding method was used to reshape
the size of the original input images to 384 × 384 × 3 to facilitate data enhancement.

3. Model Description

To achieve high operational efficiency and attain an mDSC higher than 90%, the
LSENet model was used as the control model in this paper. The following is an introduction
to LSENet and SQNet.

3.1. LSENet

Figure 3 shows the overview of LSENet model. It consists of two parts:

(1) An encoder–decoder part (E1–E5 and D1–D4), which is responsible for feature extrac-
tion and feature processing;

(2) A head part, which is responsible for outputting detection results.
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Figure 4 shows the structure of an encoder with two branches. The branch at the
bottom is composed of two convolution blocks to extract and analyze the features of the
image. In this branch, the feature map A ∈ RH×W×C0 is fed into two convolution blocks
to generate a new feature map B1 ∈ RH×W×C. Here, H and W represent the height and
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width of the feature map, respectively, while C0 and C represent the number of channels.
The upper branch is the CSU proposed in this article. The design idea of CSU is to let
the model comprehensively analyze the input feature map at the channel level, judge the
classes of fronts contained in the feature map, and introduce the seasonality of ocean fronts
into the model by seasonal feature encoding. In this branch, feature map A ∈ RH×W×C0

first goes through a global average pooling layer and the dimension is compressed to
R1×1×C0. Then, a fully connected layer (ReLU activation function) is used to reduce the
number of channels to C/2 for seasonal feature insertion. After concatenating the monthly
one-hot encoded seasonal features, the number of channels is changed to 12 + C/2, and
then, a fully connected layer (ReLU activation function) is used to generate the feature map
B2 ∈ R1×1×C. After summing each pixel of the feature map B2 and B1, the output feature
map B ∈ R(H/2)×(W/2)×C of the encoder is obtained by downsampling. The structures
of the decoder and the encoder differ only in the last sampling layer, where D2–D4 uses
upsampling layer, and D1 does not use the sampling layer [37].
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The head part consists of detection branch and attention branch (as shown in Figure 5).
The detection branch at the bottom contains only a convolutional layer of 1× 1 convolution
kernel to map the number of channels to the desired number of classes N (N = 12), and
then, the model detection result is obtained by Softmax function. For the upper LA
branch, a given feature map A ∈ RH×W×C is first fed into an averaged pooling layer to
obtain the feature map C1 ∈ R(H/r)×(W/r)×C, where r is the downsampling coefficient.
Here, r is set to 8 and 24 in the Chinese offshore dataset and the Gulf of Mexico dataset,
respectively, based on multiple experiments. Then, the feature map C1 is fed into a
convolution block for feature learning, and the size of the feature map is reshaped to
R(H/r)×(W/r)×Cl , where Cl represents the number of channels. Each pixel in this feature
map can be considered as a high abstraction of the feature of the region with the size of
r × r. At the same time, location encoding is added into the attention branch to enhance
the model’s sensitivity to geographical location. Next, the location encoded feature map is
input into several convolution blocks for feature learning, and then, the result is converted
into values between 0 and 1 through a convolution block with Sigmoid activation function.
These values represent the attention weights of the model for different channels of each
region. The resulting attention weight map C2 ∈ R(H/r)×(W/r)×N is upsampled by bilinear
interpolation and is elementwise multiplied by the results of the detection branch. Finally,
an elementwise summation operation is performed with the result of multiplication and
the result of detection branch to further optimize the detection result [37].
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3.2. SQNet

Figure 6 shows the overview of our model. The model contains two main parts, the
multi-scale analysis of the original dataset in blocks 1–3 on the left and the fusion output
of the results of a multi-scale analysis of blocks 1–3 on the right. The fusion output of the
original resolutions L0, 2L0, and 4L0 is realized in the model, and the perceptual domain
expansion of the ocean front is realized in blocks 1–3.
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Figure 7 shows the structure of blocks 1–3 in the SQNet. Within blocks 1–3, the input
image information is processed by convolutional operations, and each block consists of a
transfer branch and an analysis branch. In the case of Block 2, its input is RH/2 ×W/2 × C.
In the branch, the input information is gradually extracted by 3× 3, 4× 4 and 5× 5 perceptual
information of the ocean front, then passed to the 2 × 2 pool for downsampling and then
passed to Block 3; in the analysis branch, after 3× 3, 4× 4 and 5× 5 convolution operations,
a 1 × 1 convolution is performed and then summed up. The information of ocean front at
the current 2L0 resolution is extracted for the output.
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After the operation of blocks 1–3, the analysis results at L0, 2L0, and 4L0 resolutions
are obtained, and 2L0 and 4L0 are upsampled to obtain the analysis results at the L0 and
2L0 resolutions. At the L0 resolution, convolutional fusion from the merging of the L0 and
2L0 resolutions results occurs; at 2L0 resolution, convolutional fusion from the merging of
the 2L0 and 4L0 resolutions results occurs; at 4L0 resolution, convolutional fusion from
the 4L0 resolution occurs. Finally, the results at the three resolutions are summed up and
convolved, and the Softmax classifier classifies the ocean front as the output results of
SQNet.

Since the ocean front belongs to data of a small sample, the proportion of the ocean
front in a single image is about 5–20%. The traditional binary-classification cross-entropy
loss is used to calculate the loss value, and a low loss value indicates low initial recognition
accuracy. Thus, calculating cross-entropy loss has poor performance in reflecting ocean front
recognition accuracy. For this reason, the model assigns weights to binary-classification
cross-entropy loss objects when calculating the loss value. We change the weight function
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to realize the correlation between high-recognition accuracy and a low loss value so that
the optimal solution weight can easily be set during training. The formula is as follows:

Loss = −(Pi=0·y· log(ŷ) + Pi=1·(1− y)· log(1− ŷ)){
Pi=1 : Pbackground

Pi=0 : Pf ront

(3)

3.3. Differences and Similarities

Both LSENet and SQNet enable the multi-scale analysis of raw data through data
downsampling. However, to improve recognition accuracy, LSENet performs seasonal
result analysis and introduces the attention result mechanism; the introduction of the
two methods makes the model run more computationally intensively and increases the
running time to a certain extent. SQNet achieves accuracy improvement by changing the
convolution kernel size to improve the perceptual domain, fusing the analysis results under
multiple resolutions and changing the loss function to adapt to ocean front recognition.
Among them, changing the size of the convolution kernel to improve the perceptual domain
and fusing the analysis results under multiple resolutions using the method of augmenting
the convolution kernel and summing up after convolution increases the total computation
of the model to a lesser extent, while changing the loss function can enable the model to
quickly find the weight data with higher accuracy during the training process and reduce
the running time to improve the model’s efficiency under the same epoch of training. After
the experiments, it can be seen that it takes about 0.4 h to run 20 epochs of training in the
original perceptual domain, 1 h to run 20 epochs by boosting the perceptual domain and
changing the loss function, and 2.5 h for LSENet, and SQNet can find the best weights
more quickly for engineering activities such as monitoring when the accuracy is similar.
A summary of the similarities and differences between LSENet and SQNet is shown in
Table 2.

Table 2. Difference and Similarity between LSENet and SQNet.

Key LSENet SQNet

Similarity Number of multi-scale layers 5 3

Difference
Calculation volume LSENet > SQNet

Loss function Tradition Weighting tradition

4. Experimental Environment and Results
4.1. Parameter Setting and Evaluation Metrics

Based on the constructed dataset, all experiments in this paper were executed on an
NVIDIA GeForce GTX1050Ti graphic processing unit (GPU; GPU is used to speed up model
training and does not improve model accuracy) with one 8 GB RAM and implemented using
the open-source deep learning libraries Keras and TensorFlow to simulate the acquisition
of ocean front locations in emergencies. To compare with other semantic segmentation
models, we set the same parameters for our model and the comparison model as follows:
batch size is set to 4 or the highest batch the computer can run, and LSENet uses traditional
binary cross-entropy as the loss function, Adam [47] as the optimizer, and 1 × 10−3 as the
initial learning rate when the loss of the validation set does not decrease. The learning
rate is reduced to half of the previous learning rate for three consecutive periods using a
learning rate decay strategy.

In this paper, we use the mean intersection-to-merge ratio (mIoU) and the mean dice
similarity coefficient (mDSC) as evaluation metrics, as mIoU and mDSC are commonly used
evaluation metrics in the field of semantic segmentation. The essence of the intersection of
union (IoU) is to calculate the ratio of intersection and union of ground truth and predicted
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segmented datasets. This ratio can be expressed as the sum of true positives (TP) divided
by false positives (FP), false negatives (FN), and TP, as shown in the following equation:

IoU = TP/(FP+FN+TP) (4)

DSC is usually used to measure the similarity of two sample sets and can be expressed
as the following equation:

DSC = 2TP/(FP + 2TP + FN) (5)

mIoU and mDSC are the averages of IoU and DSC, respectively. Their complete
equations are as follows:

mIoU =
1

k + 1

k

∑
i=0

pii

∑k
j=0 pij + ∑k

j=0 pji − pii
(6)

mDSC =
1

k + 1

k

∑
i=0

2pii

∑k
j=0 pij + ∑k

j=0 pji
(7)

where pij denotes the number of pixels belonging to class i when it is detected as class j
(pij = TP when i and j are equal, and pij = FN when i and j are not equal). Similarly, pji
denotes the FP case when i and j are not equal. k denotes the total number of classes.

4.2. LSENet vs. SQNet Comparison Results

To accurately measure whether or not SQNet can guarantee high accuracy as well as
ocean front position recognition efficiently, LSENet was selected as the control model for
the experiment. In Table 3, it is not difficult to find that within the same epoch, SQNet
has a more significant advantage than LSENet does in terms of accuracy, mIoU, mDSC,
and running time for ocean front recognition; for another 40 epoch run, the accuracy
improvement of the model LSENet is weaker than that of SQNet. To achieve the goal of
high accuracy (an mDSC higher than 90%), SQNet is completed by within 2 h in the existing
environment and LSENet is not satisfied within 15 h.

Table 3. Model comparison results of Chinese coastal dataset.

Method Epoch Background Front mIoU mDSC Time

SQNet
40 98.06 71.41 84.74 91.17 2 h
80 98.16 73.96 86.06 92.05 4 h

LSENet
40 98.87 46.06 72.46 81.25 5 h
80 96.44 49.61 73.02 82.25 10 h
120 97.17 63.22 80.20 88.02 15 h

The epoch80 results of SQNet and epoch120 results of LSENet were weighted to be
validated by test data. As shown in Figure 8, the ocean front near Kuroshio in spring was
obvious, and the identification results of the two methods were similar. The summer ocean
front was mainly concentrated in the northern coast, and the identification of SQNet was
with high accomplishment. In autumn, the coastal front was mainly extracted and more
fragments could be detected. In the results, SQNet identification shows high continuity
and identification capacity (with more pixels identified) in the coastal areas of Zhejiang and
Fujian provinces and the coast of Liaodong Peninsula. In winter, two methods recognized
coastal fronts and Kuroshio fronts.
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The experimental environment is set to the same as that in the Chinese coastal dataset.
The results are shown in the Table 4; within the same epoch, SQNet has a more distinct
advantage than LSENet in ecognition accuracy, mIoU, mDSC, and running time for marine
fronts. To achieve high accuracy (mDSC higher than 90%), SQNet takes 2 h under the
existing environment, and LSENet does not achieve it within 15 h.
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Table 4. Model comparison display for the Gulf of Mexico dataset.

Method Epoch Background Front mIoU mDSC Time

SQNet
40 99.12 77.17 88.15 93.34 2 h
80 98.08 78.7 88.92 93.82 4 h

LSENet
40 98.11 46.72 72.42 81.37 5 h
80 98.2 48.61 73.4 82.25 10 h
120 98.7 64.77 81.74 88.98 15 h

The epoch80 results of SQNet and epoch120 results of LSENet were weighted to be
validated by the test data. As shown in Figure 9, the ocean front near the Gulf Stream in
spring is obvious, and the identification results of the two methods are similar. In summer,
ocean fronts are mainly concentrated in the southern coast, and the identification of SQNet
is relatively complete. In autumn, the northern coastal front is mainly extracted. SQNet
performs with high-recognition continuity, and the identification is complete. In winter,
coastal fronts are identified similarly. However, for fronts near the Gulf Stream, SQNet
performed better than LSENet did at identification.
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4.3. Comparison Results of Parameter Adjustment within the SQNet Model

After the above two sets of experiments, it is obvious that SQNet perfornms high-
quality ocean front recognition tasks in a shorter time by increasing the ocean front percep-
tion domain and changing the loss function in contrast to the high computational power
required for LSENet. After, we further increased the perceptual domain of ocean front
and transformed the loss function to verify whether or not SQNet can effectively improve
recognition accuracy. The experiments in this section used the Chinese coastal dataset.

To increase the perceptual domain of the ocean front, SQNet changes from the tradi-
tional three 3× 3 convolutions to three 3× 3, 4× 4, and 5× 5 convolutions to extract ocean
front information. In the experiments, the three 3 × 3, 4 × 4, and 5 × 5 convolution kernels
in SQNet were changed to three 3 × 3 convolution kernels for the control experiments.
From Table 5, it is evident that SQNet achieves greater improvement in ocean front class
accuracy, mIoU, and mDSC than the control model does after the same number of epochs
of training. As a result, the accuracy of SQNet after 20 epochs of training is higher than
that of the control model after 40 epochs of training.

Table 5. Convolution kernel change comparison results.

Method Epoch Background Front mIoU mDSC

Control
Model

20 97.99 70.69 84.34 90.9
40 98.07 73.32 85.69 91.82

SQNet
20 98.16 73.82 85.99 92
40 98.14 74.33 86.24 92.17

To verify the improvement in accuracy of SQNet in only changing the loss function,
the initial weights are set. The ratio of ocean front class to background class weights is set
as 1:1, 2:1, 3:1, 4:1, 1:2, 1:3, and 1:4. For the experiments, where 1:1 is the weight ratio in
the traditional dichotomous cross-entropy and 3:1 is the weight ratio in the SQNet model,
the weights with background class accuracy of 29.37%, ocean front class accuracy of 6.08%,
mIoU of 17.73%, and mDSC of 28.44% are used as the initial weights. The statistics of
the results after 20 epochs of training are as follows: the 3:1 used in SQNet could highly
improve the rate of recognition of the ocean front with the same number of epochs. As
shown in Table 6 and Figure 10, compared to the weight ratio in traditional-binary cross-
entropy, there is a 0.5% improvement in the ocean front. The background class weight is
unified to 1, and when the weight of ocean front is increased to 3, the recognition accuracy
of its ocean front improves with the increase in the weight of ocean front. Moreover, when
the weight of ocean fronts is increased from 3 to 4, the accuracy of recognition of the ocean
front decreases. As seen in Figure 10, it is considered in this paper that there is a maximum
value between the range of ratio 2:1 and 4:1. On the left of this value, accuracy increases as
weights increase; on the right of the value, accuracy decreases as weights increase because
the position of that value varies with ratios of ocean front class and background class in the
dataset. Therefore, for most datasets, this paper suggests setting a weight ratio to one that
is close to 3:1.

Table 6. Comparison results of weight ratio parameters.

Pi=0:Pi=1 Background Front mIoU mDSC

1:4(0.25:1) 97.83 67.5 82.66 89.75
1:3(0.33:1) 97.81 69.38 83.6 90.41
1:2(0.5:1) 98.04 71.81 84.93 91.3

1:1 98.09 72.85 85.47 91.67
2:1 98.13 73.21 85.67 91.79
3:1 98.08 73.3 85.69 91.81
4:1 98.08 73.22 85.65 91.79
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5. Discussion

At present, the methods that can accomplish high precision identification of ocean
fronts (mDSC>90%) are LSENet and SQNet, which can be seen in Table 7. In this paper, As
shown in Table 8, under the same running environment with the same dataset, SQNet has
more advantages compared to LSENet. However, from the objective analysis, the running
environment in LSENet’s paper is highly enhanced compared with this paper, and the
running environment in this paper cannot be restored to LSENet due to the limitation
of various external environments. it is difficult to predict the comparison between the
two under the high memory and strong GPU environment. All experiments in LSENet
are performed on an NVIDIA RTX 3080 graphic processing unit (GPU) with 10 10-GB
memory. All experiments in SQNet are performed on an NVIDIA GeForce GTX1050Ti
graphic processing unit (GPU) with 8GB memory.

Table 7. Comparision with exsiting ocean front detection method.

Method Background Front mIoU mDSC

Gradient Threshold 96.73 56.01 76.37 85.07

WEIN 97.42 61.75 79.59 87.53

BEDNet 97.66 64.45 81.06 88.60

LSENet 98.62 77.61 88.12 93.35

SQNet 98.08 78.70 88.92 93.82

Table 8. Model comparison results.

Dateset Method Epoch Background Front mIoU mDSC Time

Chinese coastal
SQNet 80 98.16 73.96 86.06 92.05 4 h

LSENet 120 97.17 63.22 80.20 88.02 15 h

Gulf of Mexico
SQNet 80 98.08 78.7 88.92 93.82 4 h

LSENet 120 98.7 64.77 81.74 88.98 15 h

The innovation points of this article are as follows: 1. In the model design, the
perception domain of the ocean front is expanded, although the running time is increased,
but compared with LSENet, the complexity of SQNet operation is not high, and with
other optimizations, it can meet the needs of efficient and high-quality identification.
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This optimization direction is proposed based on the own characteristics of ocean fronts,
combining them with convolution kernels in machine learning. 2. According to the
characteristics of the ocean front dataset, the loss function is adjusted, which not only
improves the operation efficiency, but also improves the model results to a certain extent.
The ocean front dataset is a small sample dataset in most cases, and the ocean front class
accounts for a low proportion of the total. In the training after the model design, it is
especially important to use the loss function that can truly reflect the change of its marine
front class identification accuracy. 3. Compared with LSENet citing high-computation
functions, SQNet relies on the characteristics of ocean front to design a lightweight model
that is easy to apply to real-world urgent tasks. In order to better apply to the real world, it
is an inevitable choice to suppress the increase in computational volume and computational
difficulty while improving the accuracy. Looking for data characteristics from the data
itself can g better shorten the running time than using high computation algorithms to fuse
machine learning models.

Upon internal discussion, we observed the following shortcomings.
Since there is no publicly available expert-labeled ocean front dataset, this paper

uses a self-built dataset labeled according to previous experience and papers for dataset
generation, which inevitably caused some reduction in accuracy. If conditions permit it and
funding support is available, we will attempt to produce and calibrate publicly available
ocean front datasets. In the case of global data labeling or data labeling of research hotspots,
we will first label the daily SST gradient maps for one year, and then check and revise them
after disorganization to ensure that the accuracy of the dataset is above 90%.

Based on the constructed dataset, all experiments in this paper were executed on
an NVIDIA GeForce GTX1050Ti graphic processing unit (GPU) with one 8 GB RAM
and implemented using the open-source deep learning libraries Keras and TensorFlow
to simulate the acquisition of ocean front locations in emergencies. The LSENet [37]
configuration environment is much stronger than in this article, so the operating time of
LSENet is very different from the operating environment mentioned in the paper. If there is
more financial support, high-configuration computers may be used for re-experimentation
or algorithmic innovation.

To achieve the goal of fast and accurate identification of ocean fronts, this paper does
not use algorithmic fusion in the neural network structure, but instead makes changes to
the details of the neural network structure to avoid high computing processes that reduce
efficiency. There are three points to note about the proposed changes to the details of the
network structure.

Firstly, three resolution analysis results can be integrated and output. The resolution of
the input data should be 0.05◦. If the data resolution is too low after an exceeding number
of downsampling operations, it is difficult to extract effective information from it, which
means it may produce interference information, resulting in the final fusion output with
a lower mDSC. With no downsampling operation, the information of larger scale ocean
fronts can be coarsely captured, resulting in the final front class accuracy being lower. Thus,
mDSC cannot meet the requirements.

Secondly, the perceptual domain of ocean fronts can be expanded. The 3 × 3 convo-
lution kernel used in the conventional method is similar to that used in the traditional
method, which is prone to non-recognition or over-recognition for large fronts such as
plume fronts. The improved 3 × 3, 4 × 4, and 5 × 5 convolution kernels are used to extract
the input information. After the experiment, we found that the data accuracy could be
improved under the same epoch. If the conditions allow it, the comparison of larger convo-
lution kernels can be carried out afterward. For example, we can conduct an experiment to
verify whether or not the 7 × 7 convolution kernel pair can achieve substantial accuracy
improvement compared with the 3 × 3 application. Furthermore, more experiments could
be conducted to compare the accuracy improvement with the joint use of 3 × 3, 7 × 7 and
10 × 10.
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Thirdly, the weight ratio in the loss function can be changed. Due to the small
percentage of ocean front classes in the ocean front dataset (about 5–20%), the traditional
loss function has poor performance in achieving a fast search for optimal solution weights.
In the experiment, we found that mDSC increases with the weight ratio from 1:4 to 2:1,
and mDSC is similar from 2:1 to 4:1, with the best result at 3:1. The weight ratio in this
experiment corresponds to that of the Chinese coastal self-labeled dataset used. If other
datasets are used, experiments should be conducted first to find the extreme value point in
the curve of the weight ratio and data accuracy fitting function. Then, the weight ratio of
this point should be used for ocean front identification extraction.

The extraction of ocean front positions conducted in this paper was directed at sea
surface temperature (SST). The datasets for extraction can be chlorophyll concentration,
salinity, and suspended sediment concentration (in Class II water bodies), in subsequent
work. In addition, the time information, geographic information, and marine background
environment information could be merged to be set as the input image. Additionally, the
image with information on the time, latitude, and longitude and the current information
could be merged, and the ocean front information could be output, which could be applied
in the study of sea–air exchange, fisheries, and sound speed research.

6. Conclusions

Realizing the combination of image recognition and target detection using deep learn-
ing techniques, this paper obtains ocean front pixel-level recognition results based on a
multi-scale fast recognition SQNet model.

First, we build two datasets, the China coastal dataset and the Gulf of Mexico dataset,
and label the images in two categories (ocean front and background).

The second step, to establish a model, based on the research of the predecessors and
our own exploration, we mainly change the model in two ways: the first is y carryin
out multi-scale fusion to find ocean front information at different scales. The second
is by expanding the perception domain of the ocean front, changing the original three
3 × 3 convolution kernels to 3 × 3, 4 × 4 and 5 × 5.

In the final model training stage, it was found that the traditional loss function in
machine learning was not applicable to the ocean front dataset, and the weight ratio in the
loss function was modified according to the characteristics of the ocean front.

In the experimental comparison in the same environment, we found that the change
of the convolution kernel in the optimization of the model’s structure could improve
the accuracy of model recognition. At the same time, the change in loss function could
indeed improve the model effect and improve the accuracy of recognizing an ocean front.
Combined with a variety of optimizations, SQNet can exceed LSENet in terms of both
runtime and result accuracy.
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