


Supplementary Materials
Table S1 Latitude approximation encoding
	Serial NO.
	Range of latitude
	Dividing interval 0
	Dividing interval 1
	Interval of latitude

	1
	(-90, 90)
	(-90, 0.0)
	(0.0, 90)
	1

	2
	(0.0, 90)
	(0.0, 45.0)
	(45.0, 90)
	0

	3
	(0.0, 45.0)
	(0.0, 22.5)
	(22.5, 45.0)
	1

	4
	(22.5, 45.0)
	(22.5, 33.75)
	(33.75, 45.0)
	0

	5
	(22.5, 33.75)
	(22.5, 28.125)
	(28.125, 33.75)
	1

	6
	(28.125, 33.75)
	(28.125,30.9375)
	(30.9375,33.75)
	0

	7
	(28.125, 30.9375)
	(28.125,
29.53125)
	(29.53125,
30.9375)
	1

	8
	(29.53125, 30.9375)
	(29.53125,
30.234375)
	(30.234375,
30.9375)
	1

	9
	(30.234375,30.9375)
	(30.234375,
30.5859375)
	(30.5859375,
30.9375)
	0

	10
	(30.234375,30.5859375)
	(30.234375,
30.41015625)
	(30.41015625, 30.5859375)
	1

	11
	(30.41015625,30.5859375)
	(30.41015625, 30.498046875)
	(30.498046875, 30.5859375)
	1

	12
	(30.498046875,30.5859375)
	(30.498046875, 30.541992188)
	(30.541992188, 30.5859375)
	1

	13
	(30.541992188,30.5859375)
	(30.541992188, 30.563964844)
	(30.563964844, 30.5859375)
	0

	14
	(30.541992188, 30.563964844)
	(30.541992188, 30.552978516)
	(30.552978516, 30.563964844)
	1

	15
	(30.552978516, 30.563964844)
	(30.552978516, 30.55847168)
	(30.55847168, 30.563964844)
	1



Table S2 Merge longitude and latitude encoding
	Serial NO.
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Encoding
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1

	Serial NO.
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	Encoding
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1

	Serial NO.
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29

	Encoding
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1



Table S3 Base32 encoding table
	Decimal
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Base32
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	b
	c
	d
	e
	f
	g

	Decimal
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	Base32
	h
	j
	k
	m
	n
	p
	q
	r
	s
	t
	u
	v
	w
	x
	y
	z



Table S4 DeepSeek LLM recommended optimized features
(1) Temporal Features
	Feature Variables
	Formulas
	Variable Descriptions

	duration_h
	
	duration_h is the total voyage duration.

	hour_frac
	
	hour_frac is the average hourly fraction.


(2) Spatial Features
	Feature Variables
	Formulas
	Variable Descriptions

	total_dist
	
	total_dist is the cumulative voyage distance.

	
	
	 is the straight-line distance from start to end point.

	efficiency
	
	efficiency is the ratio of straight distance to cumulative distance

	sinuosity
	
	sinuosity is the ratio of total distance to straight line distance


(3) Speed Statistics
	Feature Variables
	Formulas
	Variable Descriptions

	sp_min
	
	Minimum speed

	sp_25
	
	

	sp_50
	
	Speed at 50th percentile

	sp_75
	
	Speed at 75th percentile

	sp_max
	
	Maximum speed

	sp_std
	
	Standard deviation of speed


(4) Acceleration and Heading Change
	Feature Variables
	Formulas
	Variable Descriptions

	acc_ent
	
	acc_ent is the acceleration distribution entropy, where pj is the probability of the jth bin in the acceleration histogram

	dir_ent
	
	dir_ent is the heading change distribution entropy, where pj is the probability of the jth bin in the heading histogram

	turn_rate
	
	turn_rate is the proportion of sharp turns (heading change > 30°)


(5) Latitude and Longitude Statistics
	Feature Variables
	Formulas
	Variable Descriptions

	lat_min
	
	Minimum latitude

	lat_25
	
	

	lat_50
	
	 at 50th percentile

	lat_75
	
	 at 75th percentile

	lat_max
	
	Maximum l

	lon_min
	
	Minimum longitude

	lon_25
	
	

	lon_50
	
	

	lon_75
	
	

	lon_max
	
	Maximum longitude

	lat_std
	
	Standard deviation of latitude

	lon_std
	
	Standard deviation of longitude


(6) Other Feature
	Feature Variables
	Formulas
	Variable Descriptions

	n_points
	
	Number of AIS points per voyage. Reflects data density.






