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ABSTRACT: In recent years, with the development of information technology, businesses have accumulated
a lot of useful historical data, as the shipping industry does. These data can be found deposited a large number
of "knowledge", for example, Shipping records for historical information, Ship-Port relations information,
Ship-ship relations information, Port & shipping route relations, Shipping route information. It can provide
intellectual support to shipping informatization development.

Association rules in data mining technology is one of important technologies. The technology, based on sta-
tistical methods, can mine the associated and implied "knowledge" from data warehouse ,which has a large
number of accumulated data. Apart from this, the technology can also play an important role in the prediction.
In this paper, based on FP-growth algorithm, we improve it forming Relevent ships routes.

From the prevalent perspective of data mining, deal with the corresponding vessels' dynamic information, ac-
quired from the AIS, such as data collection, data statistics. On this basis, get the ship-port relation and ship-
ship relation after a certain level of data analysis, processing, handing. Furthermore, this paper use the numer-
ous historical ship-port relation and ship-ship relation to build a mathematical model on the ship-port and
ship-ship relation. And use the improved association algorithm, FP-growth algorithm, to acquire the strong

association rules between ship-port and ship-ship, and eventually mine the similarity of the ship route.

Main points of this paper as follows:

Collect ,count and check the data, which is from ship dynamic information;
Establish the mathematical model between ship-port and ship-ship relation;

Improve the algorithm;

Analyse the similarity of ship route more accurately using the improved algorithm.

1 INTRODUCTION

In recent years, data mining has caused great con-
cern to the industry. The so-called mining technolo-
gy is to present large amounts of data by digging in-
to useful information and knowledge, which applies
to business management, production control, market
analysis, engineering design and scientific explora-
tion and other fields. This is the data mining tech-
nology on information processing in navigation, the
use of data mining association rules FP-TREE algo-
rithm, mining the large number of ships AIS infor-
mation, access to the ship's route similarity analysis.

1.1 FP-TREFE algorithm [1]

Data mining technology is the result of the devel-
opment of information technology, since the 60
years since the last century, databases, and infor-
mation technology has systematically evolved from
the original document processing to complex and

powerful database system, and now the technology
is quite mature. Data mining is the definitions of raw
data from a large number of extracted or “dig out"
the useful information into knowledge.

In the knowledge model of data mining, associa-
tion rules model is the more important one. The con-
cept of association rules by the Agrawal, Imielinski,
Swami suggested that the data in a simple but very
useful rule. Association rules models are descriptive
models, association rules discovery algorithm is un-
supervised learning.

FP-TREE [1][2][3] is one of association rule min-
ing algorithm, which uses divide and conquer strate-
gy, after the first pass scan, the frequency of the da-
tabase into a set of compressed frequent pattern tree
(FP-TREE), while retaining the associated infor-
mation, then FP-TREE library to differentiate into a
number of conditions, the length of each library, and
a frequency of 1 set of related libraries of these con-
ditions were re-excavation.
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1.2 AlS information [4]

Automatic Identification System (AIS) is the current
advanced ship-aided navigation equipment; the In-
ternational Maritime Organization has adopted the
mandatory installation of AIS requirements. AIS can
automatically send the ship a static continuous, dy-
namic and voyage information, security, short mes-
sage, but can also automatically receive the infor-
mation sent around the ship, and exchange
information with the coast station.

AIS information includes static information such
as name, call sign, MMSI, ship type, ship size and
other information, and dynamic information such as
vessel position, ground speed, navigational status,
draft, destination, estimated time of arrival and other
information, but also with the voyage information
and security-related text messages.

1.3 AIS information on data mining [5][6]

In this paper, using association rules such as FP-
TREE algorithms, we deal with the corresponding
vessels' dynamic information, such as estimated time
of arrival, port of destination and departure infor-
mation, acquired from the AIS, such as data collec-
tion, data statistics. On this basis, get the ship-port
relation and ship-ship relation after a certain level of
data analysis, processing, handing to build a mathe-
matical model on the ship-port and ship-ship relation
to acquire the strong association rules between ship-
port and ship-ship, and eventually mine the similari-
ty of the ship route.

2 THE PROPOSAL OF THIS PAPER

At first, we used to provide users dynamic-related
information services with AIS ship data, such as re-
al-time latitude and longitude of the ship, speed, ar-
rival time, etc. Also including the port border query-
ing. But we are lack of a more intelligent data
mining reports service, for example, previous leaves
harbor of the ships, the ships’ similar route. These
are the users concerned, and it is very useful.

Therefore, in order to provide such services, we
need to mine existing data to find out the regular
pattern between ships and their anchored port and

Table 1. Original datasets snapshot
mmzi | speed | lon | It

| COLTEE

also we need to find out ships’ similar routes(the
similar route among ships).The conclusion we mine
from AIS data can provide information on the effect
of enhanced information services . We collected
ships infomation through the www.manyships.com
dynamic data, and similarly, the Chinese port border
has also been part of we collect. It is easy for us to
find the ship's ports and similar routes and provide
us a lot of supports for data ming.

The most important task of this paper is: data min-
ing, to identify routes of ships similar to the (first
find was anchored in this port).

3 PREPARATION FOR DATA MING

3.1 Data collection

This article uses real-time AIS data from
www.manyships.com. AIS database established a
table for each ships, with the AIS data updating con-
tinuously the database update this table as table 1.

The number of table is Real-time. So, the first
step we need to do is to scheduler an interval job to
collect data using database snapshots[4]. With this
methods,we can collect one week or one month even
more AIS data[5] . To say that, for accurcy re-
sults,job’s interval can not be too long.

3.2 Data processing and Summary

After collecting the data,we must immediately calcu-
late whether the ship is in the ports and also calcu-
late its last port .

Finally we proceed the AIS data for each ships. The-
se data included the ship's number(mmsi), name,
port of arrival, arrival times, the last port, the last
departure time, callsign, type, so as follow. These
data be prepared for data mining as table 2.

Each port has its own id, so ‘fid’ in the picture
means the port’s id , *prevfid’ means the last port’s
id. With these data we can be ming AIS data.

I heading | Lpdatetime |
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565101000 1000000071 4307160 7230.1 7280000000 2260931 200000000 275.200000000000C 177.000000000000C 201 0-12-04 08:10:0
413552790 3.600000351463730 7313, 72160000000 2427.64500000000¢ 213.000000000000C 238.000000000000C 201 0-12-03 0F:08:0:
413427340 8 333333618530267 7317.120000000000 1831.33360000000C 264, 700000000000C 17.0000000000000C 2011-01-07 OF: 24:1%
477383000 .000000000000000¢ 7151. 78320000000 1333, 76100000000¢ 317 2000000000000 206.000000000000C 2011-01-07 07:24:21
412206710 9633333203265 4 7186.13320000000C 1551.12660000000C 208.100000000000¢ -1.00000000000000 201 0-12-04 09:12:1€
412047720 .000000000000000¢ 7235, 70200000000 1852.02120000000¢ 204.100000000000C -1.00000000000000 2011-01-07 07:24:5¢
412047210 .2000000023202320 7325.06230000000C 1864.13240000000¢ 123.100000000000C) 292.000000000000C 2011-01-07 0F:21:5C



Table 2. Datasets snapshot after procceed

mmsi | leavetime | fid | fid_name | presfid

| Qe | prevleavetime

| = | callsignl hype |

412051550 2010-08-30 12:46:5° 1 <MEMO:
412053050 201 0-05-26 14:23.2: 1 <MEMO:
412064000 201 0-08-26 23: 2308 1 <MEMD:
12070000 201 0-08-21 232708 1 <MEMD:
412070630 201 0-08-28 15:08:07 1 <MEMD:
$12081630 201 0-08-27 21:13:0¢ 1 <MEMD:
A 2157000 2010-08-24 12:23:27 1 <MEMD:
22055320 2010-08-31 22:52:0: 1 <MEMD:
412207640 2010:08-22 23271 1 <MEMO:
412222000 2010-03-23 01:54:2¢ 1 <MEMO:
412258000 201 0-08-23 01:17:3: 1 <MEMO:
412272000 201 0-08-23 23:58:4: 1 <MEMO:
412371000 201 0-05-30 14:54:2: 1 <MEMD:

4 MINING THE SIMILAR PATH AND THE
RELEVENT PORT

In order to retrieve the relative path between the
ship, we use association rule discovery methods to
determine the correlation between the ports and the
ships.

The central idea of this method is: Calculate the
ship reaches port summary statistics. Use summary
information as a transaction set; The port each ship
reached (or leave) is the association rules item. Each
transaction is a single arrangement of the ship reach-
es port. Aim of the algorithm is digging out the rele-
vant port, and getting the ships' similar paths.

4.1 Algorithm is defined as follows[1][3]:

(D.

(2). Let D transaction sets, each transaction 7" is
Tcl

L} 1s item set.

(3). Each transaction has a unique identifier TID. In
addition, add a field to indicate the transaction from
the ship (the number of ship).

For an example of Transaction sets is as table 3:

Table 3 example of Transaction sets

TID PORTID Mmsi

1 200,47,48,203,56,207,88,1 412402820
2 47,21,48,200,66,71 412403000
3 21,200,42,59,88, 1 412403660
4 21,48,49,88,71,6 412410010
5 47,200,48,62,66,51,71,1 412429760

Each port has an unique identity number ,so as
ships. In this paper, Example uses the portid and
mmsi to instead of the specific ports and ships.

47 <MEMO: | 2010-08-28 08:28:0¢ YONG CHI BRYU &%
<MEMO> | 2010-08-21 20:23:01'/8N QING SHE  |BSPH

207 <MEMO> |2010-08-23 05:49.27 AN GUANG JIANG  BOAL I

42 «MEMO: | 2010-08-20 05:55:30 ¥ING HE BOLO oo
201 <MEMO: | 2010-08-27 08:253:4F HANG CE 501 Fa1 EHERER

204 <MEMO> |2010-08-23 20: 3315 CHAMG HANG SHA BUVU %
4 <MEMO: | 2010408-2310:07:1%=IM BIN CHENG
5<MEMO> 2010-08-27 042928 XIN YUM FENG  BADZ 5
202 <MEMO> |2010-08-22 04:21:55 GANG TONG HAI 9 BAMA 340
2/«<MEMO: | 20100813 20:57.56 TUO HAI BOHF %
31 <MEMO: | 2010-08-25 05:05:06 YIMG CHUN HAl - BIAEZ 4D
207 <MEMO> |2010-08-20 181301 FENG AN SH&M  BOST 5%
G <MEMD: | 2010-08-23 07301021 YUN FENG BHwY 40
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4.2 Algorithm Description:

We intend to make a FP-tree for the transaction sets,
the tree node is a transaction set, namely the port
(except root node). Edge of the FP-tree is ships’ col-
lection, on behalf of the ship go across the two ports.
We use ‘Mmsi’ instead of ship’s name.(mmsi is the
unique identity of the ships in database).

The structure of Node data as table 4 :

Table 4 The structure of Node
Portid

Parent Support Child

The structure of Node data contains the number
of ports, its support count, its child node, its parent
node.

The structure of Edge data is as table 5:

Table 5 The structure of Edge
PortID1 Mmsi[ ]

mmsi Support[] PortID2

Edge data structure as shown above, Mmsi [] ex-
pressed as mmsi array, a collection of both ships
Mmsi number. Similarly, the corresponding number
of ships mmsi also have the corresponding support
count. PortID1 and PortID2 mean this edge belongs
to which two port nodes.

4.3 Steps of the algorithm

According to the minimum support, we use the
transaction sets generated a FP-tree by FP-growth
algorithm.

1 [1][2] scan transaction set D, in order to acquire
all the frequent items contained in D ,we named
the collection of these items F,and also caculate
their respective support. Frequent items in de-
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scending order according to their support, the re-  Table 6 1 - frequent

sults recorded as L(table 6): item count
2 [1][2] Create the root of FP-tree T, marks "null"; 300 4
Then, for each transaction TID following: 48 4
According to the order of L to select and sort the 47 3
frequent items TID. Let the sorted frequent item éé g
list as [x|P], x is the first frequent item, and P is 71 3
the remaining frequent items; Then call IN- 3

SERT TREE([x|P],T).The INSERT TREE([x|P],
T) follows the process of implementation: If T
have their children named N and meet the N. Por- And we also acquire the FP-tree as figure 1.
tid = x. Portid, increase the N's Support 1; else

create a new node N, its count is set to 1, link to

its parent node T and through the node chain The information of edge as table 7:
structure link to the node with the same Portid. If

P is not empty, recursively call the IN-

SERT TREE (P, N). Table 7 information of edge after calculated

In addition, whether the addition of new nodes,  EdgeID PortID1  Mmsi[] mmsiSupport[] PortID2

each edge must be coupled with corresponding 1 200 412402820, 4,42 48

Mmsi TID number. if repeated, Mmsi Support 412403000,

count increased by 1. 412429760

Re-scanned in the transaction set, a complete with 2 48 jgjggg(z)g’ 3.3.1 47

side information on FP-tree built. 412429760

Using the example 3.1 , let the minimum support 3 47 412403000 3 21

MIN SUPPORT = 3, the 1-frequent itemsets is as 4 21 412403000 1 71

follows: 5 47 412402820 1 88
6 88 412402820 1 1

1 - frequent item sets as table 6 : 7 47 412403000 1 71
8 71 412402820 1 1
9 200 412403660 1 21
10 21 412403660 1 88
11 88 412403660 1 1
12 48 412410010 1 21
13 21 412410010 1 88
14 88 412410010 1 71

45:1
21:1
88: 1
21:1 —
' 711 fl:1
711 :
pig =

Figure 1 generated tree
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4.4 Mining Rules

We has generated a FP - tree, according to frequent
1 - itemsets, we can mine the frequent pattern as ta-
ble 8:

Table 8 frequent pattern of Ports

id frequent pattern of Ports
1 200-1

2 200-47

3 48-47

4 200-48-47

5 200-48

6 48-71

Meanwhile, according to the minimum support
(min_support) branch cut, we also can get the ship-
related items as table 9:

Table 9 frequent pattern of ships

Id frequent pattern of ships
1 412402820-412403000

This result shows that a total of 6 groups of ports
are associated. What’s more,the MMSI number
which is 412402820 and 412403000 of the two ships
has some similar shipping routes.

Thus, by calculating the ship - port summary in-
formation,we not only acquire the Correlation of the
ports but also the the Correlation of the ships’
routes.

5 CONCLUSIONS AND SUMMARY

In this paper,based on the AIS data analysis and pro-
cessing, we use improved FP-growth algorithm,the
algorithm of data mining association rules to analyze
the ship arrival information, and build FP-tree, by
scanning the transaction sets, creating FP-tree root
sub-set of structural conditions of frequent library,
and mining the sub-set to get frenquent pat-
tern.Through all these methods,we aggregate and
mine the information of ship and port, then can find

out the relevant port and ships with the similar
routes.

Use of the collected AIS data which is more than
one week to run above algorithm method ,we get 42
groups of related ports and 105 ships.(if you want to
get more accurate results, you need to capture more
of the AIS data) This shows the feasibility of the al-
gorithm. In addition, compared to other association
rule algorithm, this algorithm only need to scan the
database twice.

6 DEFICIENCY AND OUTLOOK

In this paper,we use improved FP-tree Algorithm to
dig out the similar route and relevant port,but defi-
ciency as follow:

1. FP-tree need lots of Server’s memory.
2. how to set minimum support and confidence is
not in-depth reserch.

Thus,our further research will focus on improving
the efficiency and application. In addition, data min-
ing application in the navigation area is also the di-
rection of future research
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