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Background 

This document describes some experiences of using a standard PC to handle large amounts of historical AIS 
data. 

 

Action required 

The Meeting is invited to take note of the information. 
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Convenient handling of historical AIS data 

Background 
The International Maritime Organization's International Convention for the Safety of Life at Sea (SOLAS) 
requires a Class A AIS (Automatic Identification System) transceiver to be fitted aboard international voyaging 
ships with gross tonnage (GT) of 300 or more, and all passenger ships regardless of size. With time intervals 
of 2 to 10 seconds such ships transmit information about position, course and speed, and approximately 
every six minutes the AIS messages also contain static information about ship and cargo. This document deals 
with the handling of the latter type of messages, which are normally referred to as historical AIS data. 
 

It is obvious that historical data make up an important source of information for many studies of shipping, its 
role in society and its impact on safety and the environment. However, the mere size of the collected datasets 
can create unsurmountable obstacles for many potential users. This document summarizes some 
experiences of using a standard PC to process datasets comprising historical data for all ships on the Baltic 
Sea for a whole year. Such a dataset can contain more than 300 million records, each providing information 
about the following variables: 
 

   BASE_STATION_TIME_STAMP (28 characters indicating date and time)                                               
   MMSI (Maritime Mobile Service identity, 9 digits, the first 3 indicating flag state)                                                                  
   LATITUDE (decimal degrees in WGS84)                                                                   
   LONGITUDE (decimal degrees in WGS84)                                                                  
   NAVIGATIONAL_STATUS__TEXT (11 characters)                                            
   SPEED_OVER_GROUND  (current speed)                                                         
   IMO (ship ID according to International Maritime Organization)                                                                        
   TYPE_OF_SHIP_AND_CARGO ( see http://www.navcen.uscg.gov/?pageName=AISMessagesAStatic)                                
   SIZE_A (transponder position on the ship)                                                                     
   SIZE_B  (transponder position on the ship)                                                                    
   TYPE_OF_SHIP                                                                
   TYPE_OF_CARGO 

 

Delivery format 
Because AIS-datasets can be huge, it is important that they are delivered to users in a form that facilitates 

further processing. First, it must be easy to import the delivered AIS-data to software or programming 

environments that are designed to handle large datasets and offer a broad selection of numerical and 

statistical tools. Second, it is desirable that small to medium-sized samples of the AIS-data can readily be 

inspected and visualized in simple spreadsheet programs. 

These basic requirements are fulfilled if data are delivered as a collection of comma-separated values (CSV) 

files in which tabular data (numbers and text) are stored in plain-text form. CSV-files with a maximum of 1 

million rows can be opened and inspected in Excel. Such files can also readily be imported into SAS (Statistical 

Analysis Software), Matlab, R, and several other widely used programming environments. 

Unless otherwise stated we assume that the delivered data are sorted by date. 

Initial data manipulations 

Create monthly AIS-files 
The abovementioned programming environments (SAS, Matlab, R) offer convenient import of whole 

collections of CSV-files stored in a user-defined folder. Moreover, multiple files can readily be combined into 

a single file. In particular, the delivered CSV files can readily be combined into monthly files. Such monthly 

files are often a convenient point of departure for further analyses. Even if AIS-data are gathered from the 

entire Baltic Sea the resulting files are still of a manageable size, i.e. at most a few GB. 
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Remove non-identifiable records 
Remove records for which position is missing. Also remove records for which MMSI is missing or has an illegal 

format. 

Remove numeric missing value codes 
Missing values are sometimes indicated by a specific number (e.g. 0). This can lead to the accidental inclusion 

of missing codes in numeric calculations and other similar errors. To avoid such errors, it is recommended 

that numeric missing value codes are substituted for the standard missing value code in the software used. 

Extract date and time records 
Time stamps in AIS data are normally expressed in a form that is unknown to several widely used statistical 

software packages. Such problems can be overcome by reading the time stamp as a character string and then 

extracting substrings representing date and time, respectively. Names of months expressed in languages 

other than English should also be converted to avoid problems.  

To facilitate further analyses of the delivered AIS-data it is convenient to store year, month and day in 

separate data fields. Furthermore, computation of time lags between consecutive AIS messages can be 

greatly facilitated by expressing both date and date-time as integer variables. 

Compute ship length 
The length of a ship can be estimated by computing the sum of the transponder positions SIZE_A and SIZE_B, 

which indicate the distance to bow and stern, respectively. 

Derive flag state names 
If the AIS-data are merged with a table of flag state names and associated numerical codes, the first three 

digits of the MMSI field can be used to assign a flag state name to each AIS record.  

Splitting and recombining subsets of data 
In many applications it is of great interest to sort the AIS-messages so that all records representing a specific 

ship appear in the same file. This can be achieved by first splitting the monthly data files by flag state (or 

groups of flag states) and then recombining files representing the same flag state. 

For example, there exist procedures that can dynamically split a file containing all January data into CSV-files 

representing different flag states.  If files representing other months are split in a similar fashion and the 

resulting CSV-files are named MyrecordSwedenjan, MyrecordsDenmarkFeb, etc, new files can then be 

created by recombining all files having names of the form MyrecordsSweden*, MyrecordsDenmark*, etc.  

The same technique can be used also to split and recombine files by type-of-ship-and-cargo and ship length 

as long as the resulting files are not too large compared to the size of the RAM memory of the PC. 

Covered distances and average speed 
The distance covered by a ship between two AIS messages can be computed by using the Haversine formula, 

which is a trigonometric expression that gives great-circle distances between two points on a sphere from 

their longitudes and latitudes. Along with information about the time lag between two consecutive messages 

this formula can also provide estimates of the average speed in short sections of the route.   

Data quality 

Missing values 
Due to technical problems, unfavorable weather condition or user mistakes historical AIS-records can be 

missing or incomplete. Major gaps in historical AIS-data can be detected by counting the number of records 

by day. Summary statistics for individual fields (variables) in the database can further elucidate the 

completeness of reported data. Exploratory studies of the geographic location of long time lags between 

consecutive messages constitute yet another method to judge the completeness of reported data.  
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Erroneous or questionable records 
Plots of covered distances versus time lags between consecutive messages constitute an efficient tool to 

identify obviously incorrect and highly questionable positions. In particular, such plots can help to identify 

pairs of messages for which the covered distance is unrealistically large in relation to the time lag between 

the two messages. However, further work is needed to establish guidelines for such data quality assessments. 

Monitoring traffic intensity 
In principal, maps of traffic intensity can be established by dividing the sea area of interest into pixels and 

day by day count the number of unique ships visiting each of the pixels. However, this type of statistics does 

not take into account the distance covered and the time spent in the pixels. If they are made small to produce 

high-resolution traffic intensity maps it may also be necessary to interpolate routes between successive AIS-

messages. 

Traffic intensity maps can be of interest to visualize the spatial distribution of the pressure from shipping on 

marine ecosystems. If AIS-data are merged with detailed ship data such maps can also support assessments 

of emissions and the extent of shipping in protected or particularly sensitive areas 

Regardless of the objectives of producing traffic intensity maps it is desirable to develop guidelines for 

removing erroneous records and creating more dense datasets by spatial interpolation of recorded positions.  

Monitoring speeds 
Slow steaming represents one option to reduce the environmental impact of shipping, and in particular the 

emissions of carbon dioxide. Monitoring average speeds for different types of ships and cargos may thus 

provide information about the potential for further emission reductions by stimulating slow steaming. 

Information about the speed of vessels can be obtained from the field “speed over ground” in the AIS 

messages or by using reported positions and time stamps to compute the average speed by sector. The 

advantages and disadvantages of these two approaches have not been thoroughly investigated. Also in speed 

monitoring there is thus a need of guidelines for good practice. 

Conclusions and recommendations 
It can first be noted that all data manipulations, calculations and assessments mentioned in this document 

can be performed on a standard PC. More specifically, this conclusion is based on a project at the Swedish 

Institute for the Marine Environment in which all work was carried out on a PC equipped with 32 GB RAM 

memory, a 500 GB hard disc and a 2000 GB external hard disc. 

It can also be noted that none of the data manipulations or calculations requires any highly specialized 

software or programming environment. However, the capacity to import and export large datasets and the 

efficiency of algorithms used to sort, split and recombine large datasets can vary strongly between software 

packages. The abovementioned project was based on SAS 9.3, because this is a widely used and well 

document software package. Moreover, modular programming is greatly facilitated by a data mining module 

that offers graphical displays of data flows. 

Finally, it is obvious that there is a great need for guidelines that can help to standardize major types of 

assessments and presentations involving historical AIS-data. This is particularly true for assessments of data 

quality, production of traffic intensity maps, and monitoring the extent of slow steaming. 
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