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Ship Trajectory Classification Method Based on TDCNN-LSTM
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Abstract Due to the limited vision and cost of the monitoring equipment, the classification methods of ships based on images or
videos are not very effective. So it is urgent to improve classification methods of the ships and the accuracy of those methods. In
recent years, with the widelyused of various trajectory data acquisition systems, it has become possible to classify ship types
through ship trajectory data. Based on the problem that the traditional two-dimensional convolutional neural network is lacking
the ability of feature compression and temporal feature expression in ship trajectory recognition, this paper proposes a hybrid
model which combines one-dimensional convolutional neural network (IDCNN) with long short-term memory (LSTM). This
model can identify ship types by using the data collected from the automatic identification system (AIS). Firstly, this paper pre-
processes the ship trajectory data collected by AIS to filter the noise data. Secondly,to solve the problem that the features hidden
in the original ship trajectory information are over obscurity for IDCNN, this paper proposes an algorithm for constructing the
trajectory distribution feature vectors which can be accepted by 1IDCNN for a large number of ship trajectory data. On this basis,
the algorithm extracts the time series feature vectors which can be accepted by LSTM. Finally, this paper combines the trained
1DCNN model and LSTM model to get a hybrid ship classification model. Based on the AIS data of Bohai area on June 2016, the
hybrid model combining 1DCNN with LSTM is used to classify five different typical ships including fishing ships, passenger

ships.,tanker ships,container ships and bulk-cargo ships. The experimental results show that compared with the method of using
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a neural network such as LSTM as classifier, the proposed method is obviously effective,and is an effective ship trajectory classi-

fication method.
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(LSTM) , Distribution feature vector, Time series feature vector
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Latitude of the

38.618043 . . .
ship collection point
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Fig. 1 Flow chart of trajectory preprocessing based on MapReduce
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Fig.2 Distribution map of four features of five types of ships
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Table 2 Identification results of ship type on 1IDCNN

Forecast class

Real class

Fish Passenger Tanker Container Bulk-cargo

Fish 9889 51 99 231 230
Passenger 58 8757 240 43 107
Tanker 278 179 7372 245 104
Container 367 291 598 7387 400
Bulk-cargo 64 154 1493 377 6757
Precision/ % 92.80 92.84 75.2 89.2 85.6
Recall/ % 94.2 95.1 87.0 81.7 76.4
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Fig. 9 Accuracy of five ship types based on different weights
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Table 3 Identification results of ship type based on IDCNN-LSTM

Forecast class

Real class

Fish Passenger Tanker Container Bulk-cargo
Fish 10089 42 57 157 198
Passenger 38 8841 129 32 96
Tanker 258 87 7772 191 317
Container 289 167 349 8087 251
Bulk-cargo 20 34 867 263 7857
Precision/ % 94.3 96. 4 84.7 92.6 90.1
Recall/ % 95.7 96. 8 90. 1 88.5 86.9
Fi/% 94.9 96. 6 87.3 90. 5 88.5
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Table 4 Comparison results of different models

Model Accuracy/ %

LSTM 83.3
1DCNN-LSTM 91.7

1DCNN 87.2
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