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1. Introduction
1.1 Research background and significance
China's cargo turnover has increased year by year, and waterway transportation has become the main mode of freight transportation in China. At the same time, the cargo throughput of ports everywhere is also increasing year by year, which leads to the increasingly complex port and navigation environment, and frequent water traffic accidents. Among them, more accidents are caused by certain human errors. Therefore, the research of ship intelligent navigation has attracted extensive attention and entered a stage of rapid development.
Ship trajectory prediction is the focus of ship navigation. At present, there are many methods for ship trajectory prediction. However, the ship trajectory is related to many factors, there are many random disturbances, and the trajectory prediction is often time-dependent. Therefore, how to achieve accurate and efficient ship track prediction is the focus of current research.
1.2 Research status and existing problems
 Various ship trajectory prediction methods are divided into the following two types:
(1) Based on the ship motion equation: in this way, the ship trajectory is predicted by establishing the kinematics equation and carrying out complex mathematical operations, such as least square method, Gaussian model, etc. However, in practical application, trajectory prediction often has timeliness. Therefore, the real-time data information obtained has high requirements, otherwise it is impossible to establish accurate mathematical equations.
(2)  Based on Neural Network: neural network is more flexible and can solve more complex situations. BP neural algorithm has high prediction accuracy and few calculation parameters, which meets the requirements of VTS for accurate, real-time and universality of track prediction. LSTM neural network can remember a lot of longer-term information and eliminate some gradient disappearance problems.

Existing problems:
(1)  At present, although ship trajectory prediction is relatively mature, the technology of integrating ship, port and cargo is still relatively rare. Ship shore cargo integration can realize three terminal information interaction, make equipment more intelligent, shipping work more efficient and port logistics more rapid;
(2)  The existing ship trajectory prediction methods have shortcomings in dealing with different situations. Gray algorithm is not suitable for complex marine environment. The BP neural network can not be combined with the sequence in the training process, so the correlation of navigation data is ignored. Unable to meet the requirements of accuracy and efficiency.



2. Literature Review:
Nowadays, with the development of marine intelligent transportation and intelligent ships, how to achieve accurate and efficient ship track prediction has become a hot issue for scholars at home and abroad.
 Research on current situation

In China, Ruan Qunsheng et al. proposed in 2012 that the least square method can be used to fit the trajectory curve of ship navigation. The least squares theory is simple , but the prediction results depend on accurate ship trajectory data. Once the information transmission has problems such as interruption, delay and packet loss, the prediction result will not be accurate. In the same year, Zhao shuaibing solved this problem by introducing Kalman filter. As Deng Hubin et al.  said in the research on the motion trajectory of mobile nodes, the node positioning system in wireless sensor networks adds system noise and measurement noise to simulate the actual situation , and the Kalman filter algorithm can effectively improve the positioning accuracy. Even if the observed data is wrong, we can make a more accurate estimation of the current real state. The research results show that when the intelligent auxiliary command system can not accurately judge the ship position due to the lack of information , the algorithm can ensure the accuracy of predicting the ship position. In 2014, Xu tie et al. improved the Kalman filter algorithm, integrated the ship's speed, course and other observation data, and adopted the least square method to estimate, so as to predict the unknown navigation position of the ship and realize the better fitting of the ship's navigation trajectory. This method has also been well applied in the target route planning of UAV . Kalman filter algorithm can well shorten the range of UAV and reduce the time to reach the target position.

Some researchers also solve the problem of trajectory prediction from other aspects. For example, Yang Shuying and others proposed that particle filter (PF) tracking algorithm based on simulated annealing (SA) can be used to predict trajectory . For another example, Mao Chenhao et al. can also roughly predict the ship's trajectory through Gaussian regression, and can give an alarm in time when the trajectory deviates. However, this trajectory prediction will only maintain a high accuracy in the next 9 minutes. The longer the time, with the continuous iteration, the accuracy will be lower and lower, and the deviation rate will be larger and larger.

The above methods are based on the ship kinematics equation and calculated and compared in theory. However, the complex and changeable marine environment greatly reduces the applicability of traditional prediction methods. As early as 2012, domestic researchers have focused on neural networks that are more flexible and flexible to solve complex situations. In 2012, Xu Tingting and others proposed that BP (back propagation) neural network can be applied to the study of ship navigation trajectory. Researchers designed a three-layer BP neural network track prediction model. This method was later improved by Zhen Rong et al.  and introduced the combination of AIS information system and BP neural network to give full play to the advantage of large amount of AIS data information and realize the prediction of multi-dimensional track characteristics. However, AIS system still has the problems of data interruption and error. Therefore, in 2019, Liu Lei et al. tried to explore the methods of identifying and correcting these data. Based on the research of Nguyen et al, they made some improvements, carried out cubic Hermite interpolation in a piecewise manner, and constructed the interpolation results into the training set and test set of BP neural network. Finally, it is concluded that the combination of BP neural network and piecewise cubic Hermite interpolation is used to achieve the best effect of trajectory repair, but in prediction, the method of using BP neural network alone is usually better than the joint algorithm of the two methods.

However, this does not show that BP network has absolute advantages in the field of track prediction. In 2016, Leqi et al. proposed an intelligent model to predict the future trajectory of ships. The model designs a new flow chart based on data mining and machine learning methods. The framework of flow chart makes the model more general than before, because all information related to ships can be input into the model. In 2020, Liu Jiao et al. Proposed a ship track prediction model based on DE-SVM . The model uses wavelet threshold denoising and differential evolution (DE) algorithm to find the internal optimal parameters, so as to improve the convergence speed and prediction accuracy of the model. The researchers also compared the simulation results of this method with BP network. The results show that the ship trajectory prediction model proposed by Liu Jiao and others has higher prediction accuracy, and this algorithm avoids the busy modeling process and is more simple, efficient and fast.

In recent years, many scholars have applied long short term memory (LSTM) to predict ship trajectories and achieved considerable research results. For example, the ship track prediction model based on LSTM proposed by Quan Bo et al. In 2018. On this basis, in order to improve the model's processing of abnormal data and improve the prediction accuracy, Chen Kaida and others used the ship track prediction method based on LSTM. In order to avoid the limitation of unequal interval data on the model, cubic spline interpolation was used to interpolate the track data, which greatly improved the prediction accuracy and reliability. Ren Yuxiang et al. trained and tested LSTM network based on AIS data, and compared it with BP neural network algorithm. It is found that LSTM network has good accuracy and robustness. Of course, some scholars have also given solutions to the problems of errors and deficiencies in obtaining AIS data. In 2020, Qin Zheng et al. realized a multiple target trajectory prediction method based on collision free LSTM (CFLSTM). In this invention patent, the researchers first established the repulsion force model based on a large number of trajectory data, and then introduced LSTM to design a collision free trajectory prediction network. This model can be well adapted to different environments, obtain the factors affecting multiple target trajectories through deep learning, and then achieve the goal of predicting the trajectories of multiple group targets. By 2021, Hu x et al. realized that the random error of inertial navigation system (INS) will seriously affect the accuracy of LSTM network prediction method . Therefore, they developed a new neural network architecture of two channel long short term memory (LSTM). The random drift and noise residual of ins are regarded as autoregressive moving average (ARMA) and generalized autoregressive conditional heteroscedasticity (GARCH) models. Through the dual channel layer, the drift prediction and residual correction can be realized respectively. In contrast, this prediction model can predict the ship trajectory more pertinently and adaptively, so as to obtain more accurate ship trajectory operation data.

In other countries, research and development has experienced the development process from the traditional method based on ship kinematics equation to the neural network.

In view of the fact that the complete track line of the ship is often very long and some AIS information is easy to be lost during modeling, Guillermo proposed that the track with instantaneous speed lower than the threshold can be defined as a stationary subsequence through track cutting. The sliding window is set to realize the real-time update of data and facilitate the supervision of managers. At the same time, Guillermo et al. Also proposed that Markov random process can be used to define normal behavior state and transition matrix. In addition, aiming at the problem of AIS information loss, Nguyen et al. proposed an interpolation method of ship missing AIS data based on numerical interpolation and AIS time series characteristics. This method includes linear interpolation, cubic hermit interpolation and recognition mechanism, so it has adaptive ability to a variety of AIS data. Further, in 2015, Tong X. et al. put forward the viewpoint of "rough prediction" before "fine-tuning trajectory", using the combined prediction model and introducing Markov chain to modify the prediction results, which greatly improves the prediction accuracy of ship trajectory. However, for a large number of trajectory data, both first-order and high-order Markov models can not predict well.

In 2014, Castaldo and others also put forward another idea, which can introduce dynamic Bayesian network into trajectory recognition, and compare the modified trajectory with the normal trajectory in the storage network through the synthesis training of ship trajectory, so as to judge whether the trajectory of traveling ship is normal. In 2017, Kawan et al. proposed a track prediction model based on support vector machine regression (SVR). Users can customize the required data set and user-defined model parameters according to their own needs, and obtain the SVR prediction model by applying the training data set. Flexible and convenient to use. However, the accuracy needs to be improved.

As early as 2012, Perera and others introduced artificial neural network (ANN) to detect and track ship navigation. Since the traditional neural network model fitted by the least square method is proved to be lack of robustness to outliers, an extended Kalman filter (EKD) method is proposed for ship trajectory prediction and estimation. In 2015, D. zissis et al. Also designed an artificial neural network (ANN), which can predict the future behavior of ships according to the events in the predictable mode in the large map, including the navigation position, speed and direction of propagation. In 2020, M. Sangiorgio et al. improved the training method of LSTM network. Because the input configuration of LSTM network directly plays an important role in the prediction performance, in order to avoid the influence of outliers on the results, the algorithm introduced a powerful filtering algorithm as an integral part of the training, so that the training and results have been better improved.

3. Methods
Through comparative experiments, this paper compares the performance of each model from the research and test of three prediction models: traditional linear ship trajectory prediction, ship trajectory prediction based on machine learning and ship trajectory prediction based on LSTM algorithm, then recommends appropriate ship trajectory prediction algorithm, and builds a ship navigation trajectory monitoring and prediction platform with ship trajectory prediction function. The main research contents are as follows:
(1) On this basis, the traditional linear prediction model, machine learning prediction model and deep learning prediction model based on LSTM algorithm are used for training and prediction respectively. The performance indexes of three common prediction models in ship trajectory prediction are studied and compared, so as to provide a theoretical basis for optimizing ship trajectory prediction.
(2) Based on the model prediction results, a multi-functional ship shore cargo integration system is designed and developed, and the ship navigation trajectory prediction function is realized, which provides an information display platform and navigation prediction ability for ship intelligent navigation and intelligent supervision.
4. Results
I will take the longitude and latitude data of ship navigation as an important reference index, conduct research in combination with the framework, use a large number of longitude and latitude data of different ships as the training set and test set of the prediction model, study the trajectory prediction of ship navigation, and finally get a more accurate real-time prediction value of ships.
The work to be done and the research results to be completed in this paper can be summarized as follows:
(1) Investigate and analyze different types of algorithms, determine the algorithm model, conduct comparative experiments, and analyze the performance of the model in multiple dimensions.
(2) Improve the performance of the algorithm model, improve the accuracy of the prediction results as much as possible and reduce unnecessary losses. After preprocessing the ship longitude and latitude information obtained in the screening of the training set, carry out model training for many times, and obtain the training template with the best accuracy by increasing the number of iterations and selecting the appropriate number of training templates.
(3) Realize the visualization of test points, so that the predicted value and test value can be compared more intuitively, so as to determine its accuracy and loss. The back-end development framework and front-end framework are adopted to build a ship shore cargo integration system platform to understand the visualization of ship information and trajectory prediction through visualization.
4. Evaluation

Ship shore integrated management is the product of the vigorous development of modern shipping industry and the intersection of information technology. It is the development trend of modern ships. In order to respond to the requirements of shipping enterprises for the management of operating ships, realize the ship trajectory prediction, and continuously optimize the ship trajectory prediction accuracy, data set size requirements, error rate and other performance, which plays an indispensable role in improving navigation safety, ensuring the safety of goods and personnel, and realizing ship safety, environmental protection and economy.
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