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Abstract: In this paper, a spline Kalman ( SK) algorithm is proposed for the repair of abnormal data of au-
tomatic identification system ( AIS), which constructs a system state transfer model for reflecting the constraint
relationship of the change of motion characteristics according to the ship dynamics, and uses the AIS restoration
data obtained through spline interpolation as the observation data of the Kalman filter to realise the accurate
restoration of AIS data. In this paper, the effectiveness of the SK algorithm is tested using the historical AIS da-
ta of xiamen port and nearby waters. The test results show that for the AIS data set with low missing rates, the
restoration effect of SK algorithm is similar to that of spline interpolation algorithm, and all of them are better
than KNN, RF and SVM algorithms, but as the missing rate of AIS data set increases, only SK algorithm has
better restoration stability. It can be seen that the research results of this paper can repair abnormal data of AIS
more effectively, thus providing a good data base for maritime big data analysis and related applications.
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Lon_d Lat.d Speed Heading
MMSI Receivedtime
412444818 2020-07-25 10:53:18 118.139000 24.334771 0.0 0.0
2020-07-25 11:05:19 118.139030 24.334731 0.0 0.0
2020-09-12 14:16:11 118.333210 24.280188 5.9 276.0
2020-09-13 03:07:37 118.178295 24.280340 9.0 3570
2020-09-17 02:48:41 118.041528 24.455186 14 0.0
412354490 2020-09-16 01:25:43 118.087907 24.413030 6.2 11.0
2020-09-16 01:26:11 118.087160 24.413507 5.9 11.0
2020-09-16 01:26:23 118.086880 24.413682 5.9 11.0
2020-09-16 01:26:31 118.086693 24.413825 6.3 11.0
2020-09-16 01:26:41 118.086440 24.413997 5.8 11.0
B3 4EFH AIS #1E
Fig.3 Processed AIS data
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Tab.1 Repair error of missing data
B KNN RF SVM
Error 10% 20% 30% 40% 50% 10% 20% 30% 40% 50% 10% 20% 30%
/X i
Loi;;de 0.007 39 0.01492 0.020 61 0.027 13 0.03090 0.002 64 0.00509 0.008 82 0.016 73 0.016 44 0.006 92 0.015 82 0.023 71
]iﬁe 0.006 34 0.01157 0.014 64 0.018 84 0.022 66 0.00152 0.004 94 0.009 48 0.01032 0.023 16 0.00429 0.011 14 0.013 59
fgi 0.13267 0.269 12 0.38377 0.47361 0.62517 0.03384 0.08529 0.18103 0.178 73 0.510 18 0.07501 0.177 91 0.334 28
Cﬁilf:l—sje 0.003 18 0.018 80 0.01523 0.03304 0.03977 0.00226 0.02324 0.018 87 0.12502 0.206 85 0.000 00 0.010 74 0.010 28
R SYM CS R B3 Proposed algorithm
Error 40% 50% 10% 20% 30% 40% 50% 10% 20% 30% 40% 50%
LARE
Ini;iftide 0.03220 0.41560 0.00056 0.001 05 0.004 55 0.01065 0.01543 0.000 62 0.001 12 0.004 23 0.007 82 0.010 59
]iﬁe 0.01944 0.02190 0.00048 0.00123 0.00501 0.09560 0.01475 0.00073 0.00128 0.003 58 0.007 56 0.009 05
fgi 0.33972 0.52630 0.00258 0.00654 0.01546 0.06557 0.098 58 0.00323 0.00695 0.01350 0.023 65 0.054 34
Cﬁg:l—sje 0.01588 0.01588 0.000 06 0.00034 0.00246 0.00586 0.00825 0.00012 0.00035 0.001 83 0.004 59 0.006 89
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Tab.2 Time to repair AIS data with different missing rates
A7 Unit:s

B L) Missing percentage/ % KNN RF SVM (0N} i H B3 Proposed algorithm

10 0.11 1.88 19.78 1.40 1.68

20 0.24 1.80 24.13 1.75 1.88

30 0.31 1.73 26.38 1.80 1.93

40 0.35 1.65 25.80 2.01 2.22

50 0.39 1.50 24.58 1.94 2.03
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Fig.4 Variation curves of repair errors for each feature of different missing rates
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