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1.  Overview
The purpose of this document is to present the following improvements to the software and network architecture which were recently introduced in MARE(:
· Data quality monitoring:  a software tool for improving ship data quality by validating AIS information against a reference database of national/central sources has been developed.
· New proxy release: during the last EWG (Rome, 2 December 2010), the group agreed to the Italian proposal to improve the proxy architecture by using a new proxy web-based application. Italy provided the final release to all of the participants.
· MARE( duplication – Disaster recovery: as a follow up to the signature of a Service Level Agreement (SLA) between EMSA and the Italian Coast Guard, a disaster recovery server will be installed in Fiumicino (a town near to Rome) by the end of June 2012. This additional server will also improve the MARE( network availability and performance.
· Dead reckoning track: Italy has just begun to improve its AIS national server with a “Dead Reckoning” (DR) service. This service was presented during the last EWG, and allows the system to estimate the probable location of a vessel that is no longer being monitored by AIS-based shore systems. 
2. 

Data quality monitoring
2.1 Introduction
A software tool for improving ship data quality by validating AIS information against a reference database of national/central sources has recently been developed.

In support of the data validation process, the MARE( reference database will initially be fed with ship data stored in other national databases (e.g. AIS and LRIT).

In addition, in order to improve the AIS data quality, new procedures have been implemented in the MARE( GIS via which it is possible to identify both the ships, and also the percentage of ships, that are transmitting inaccurate AIS data.
2.2 The Reference database
Some tables were added in the Reference Database in order to record the following information on ships: MMSI, IMO number, Name, Country, Call sign, Length, Width, Gross tonnage, Ship type and the source Db from which the data was retrieved.

Flag type fields were also added to identify ships included in the following specific categories:  Ships under SOLAS provision, Ships under PSC directive, Ships under VTMIS directive, EU Ships,  Banned Ships and SHTs.
At the moment, only data from ships with an AIS Class A transponder is stored in the reference database. However, data from ships provided with an AIS Class B transponder could also be stored even if checking procedures are only available for Class A transponders at present. 

In order to work with the Reference DB, administrators and other authorised users must select the "Configuration" menu and choose Referenced DB under the section named Targets of Interest (see figure 1):
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Figure 1 
The ships stored in the reference database are listed in the view that then appears (see figure 2), and from the same view, it is also possible:
·  to sort and filter ship data for MMSI, IMO number, Call Sign and Ship name;
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Figure 2
·  to display the ship details stored in the Reference DB by clicking on the selected ship (see figure 3);
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Figure 3
·  to delete or modify the attributes of a ship using the form in figure 4, which appears when users click on the Edit command in the Tool bar or double-click on a ship in the view;
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Figure 4
·  to insert a new ship using the Add by.. command in the Tool bar, and
;

·  to export ship lists in xls format using the Export command in the tool bar (see figure 5)
.
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Figure 5

Using the above mentioned procedures, authorised users have the capability to manage the reference database, modify wrong data and insert missing data.

2.3 Data verification
New functionalities have also been added in the AIS GIS view in order to verify whether AIS data sent by targets with AIS Class A transponders match the information stored in the Reference DB. 
The following data are taken into consideration when cross checking: MMSI, IMO number, Name, Call sign, Length, Width, and Ship type.
By clicking on a target, the static data transmitted from the selected ship are compared with the Reference DB data. In the tooltip that appears next to the target, in addition to the ship data (flag, name, course and speed), it is possible to see:
· a green check mark if the ship information stored in the Reference dB is all correct (see figure 6)
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Figure 6
· a red check mark if some of the ship information stored in the Reference dB is incorrect (see figure 7)
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Figure 7
· no check mark if the ship information is not stored in the Reference Db (se figure 8)
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Figure 8
It should be noted that when data are missing in the reference database, there is no error report. By clicking inside the tooltip on the ship data itself, it is possible to view the ship information on the right side of the screen. 
If the transmitted data match the reference database, a green check mark appears next to them. If the check mark is missing, it means that the corresponding data are not stored in the reference database (see figure 9).
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Figure 9

If an error is highlighted in the tooltip, it is possible to retrieve the incorrect data in the information view (see figure 10). In this case, before correcting the data for the ship, the database should also be checked (e.g. the ship could have changed flag, which would require an update to the reference database). 
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Figure 10
2.4 Search function
A dedicated Search function for the Data Quality check has been developed. To activate the functionality, users should select "AIS Class A" in the drop-down menu named "AIS Class". The "Search for data quality" option is then visible in the lower part of the tab (see figure 11):
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                                      Figure 11                                                                        Figure 12
After having checked the above mentioned option (see figure 12), a search can be carried out on the “Reference database”, “MMSI” and “IMO number” fields.
For each of the above mentioned fields, limits can be imposed. For example, to find information in the reference database, the following limits might be used (see figure 13):
·  Referenced:  To search between ships stored in the reference db.
·  Non-referenced: To filter ships not yet stored in the reference db.
·  Referenced and NOT VALID: To filter ships showing wrong information.
·  Referenced and VALID: To filter ships passing the cross check. 

It is also possible to query by valid or invalid MMSI format (see figure 14) and also by valid, invalid and unavailable IMO number (see figure 15).
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                       Figure 13                                           Figure 14                                       Figure 15
An example of how to use the search function is as follows. By selecting these parameters in the search tab: “Flag = Italy, Type of ship = Passenger, AIS Class = Class A, Reference DB = referenced and MMSI = Not valid format”, it is possible to obtain a list of all referenced Italian passenger ships that are: fitted with class A transponders; currently present in the GIS (transmitting AIS data), but; showing a not valid MMSI format.
2.5 Improving data quality
In the GIS view, additional information is being been reported in order to indicate the reliability level of AIS messages and eventually the performance of “data quality monitoring.” Specifically, the following information is shown:

·  The number and percentage of the ships stored in the reference database in comparison with the number of tracks (for vessels with AIS Class A transponders) shown in MARE( at the present time (highlighted in red in figure 16).
·  The number and percentage of ships with invalid data in comparison with the number of referenced tracks (highlighted in red in figure 16).
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Figure 16
In order to improve AIS data quality, the following tasks need to be performed:
·   
Provision of manual input of information related to non-referenced vessels in order to increase the percentage of referenced ships. 

·  
Modification of invalid static data transmitted by AIS transponders in order to match the information stored in the reference database. In this way, the percentage of invalid data stored in the database could be reduced. Of course, before asking the ship to change the AIS static data, verification of the correctness of the reference Db is needed.
In support of this, the search function described in sub-paragraph 2.4 may be useful in investigating the reference database and identifying anomalies.

2.6 Reports and added functionalities
Reports have also been developed in MARE( to summarise, for a given period of time, both statistics relating to, and the results of, the cross-checking of invalid information transmitted by AIS transponders on board ships.

These reports are available in the AIS data Quality–Reports section, and can be accessed by selecting the “Monitoring” menu on the main page of the MARE( web application. 
Within this section, it is possible to select two types of reports:
· 
Cross checking AIS data.
·  AIS information quality.
In the “Cross checking AIS data” report, the results of a sample cross-check are shown, and the wrong information is highlighted in red in the resulting table (see figure 17). The results can also be exported in an xls. file.
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Figure 17
In the “AIS information quality” report, the percentage of invalid values received is shown. Invalid data are distributed for invalid MMSI, invalid IMO number, both invalid (IMO and MMSI) and ships reporting only MMSI (see figure 18), and are grouped by ship category. The result can also be exported in an xls. file.
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Figure 18
A functionality reporting the Flag Risk list was also added.  By selecting the "Configuration" menu and then “Flag risk”, it is possible to view the “Quality Performance List of Flags”  (see figure 19), where ship flags are split among the following six categories:
·  Black list – very high risk

·  Black list – high risk

·  Black list – medium to high risk

·  Black list – medium risk

·  Grey list 
·  White list
The flag order can be updated when needed.
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Figure 19
2.7 Action proposed to improve data quality performance
At the moment, around 68% of monitored vessels provided with Class A transponders have been recorded in the reference database, and around 36% of these are sending invalid information. 
In order to improve the "Data quality" performance, the ICG intends to proceed with the input of ship information, beginning with the Italian flag. For ships belonging to other flags, information will be retrieved from the THETIS database.
Moreover, to reduce the percentage of inaccurate data, the ICG will ensure that coast guard personnel who work in national harbors request that on-board personnel correct invalid static data from AIS devices. As assistance from other MSs would be very beneficial to the rapid improvement of the Reference Db, MSs are invited to propose tasks which would contribute to this goal.
3. 

New proxy release
As a follow-up to the last EWG meeting, Italy provided the final release of new web-based proxy software. This is the timetable of installation for each participant Member State. 

	WEB BASED PROXY 
	INSTALLATION DATE

	BULGARIA
	26/01/2011

	CIPRO
	19/01/2011

	FRANCIA
	29/12/2010

	GRECIA
	28/01/2011

	ITALIA
	09/12/2010

	MALTA
	14/12/2010

	PORTOGALLO
	20/12/2010

	ROMANIA
	13/01/2011

	SLOVENIA
	21/12/2010

	SPAGNA
	10/01/2011


Figure 20
The only problem related to the introduction of comment block functionalities in Slovenia, and this was solved with a new release that allows the disabling of the functionality (see figure 21).
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Figure 21
4. 

MARE( duplication (disaster recovery)
4.1  Introduction
During the 9th EWG meeting, a new MARE( architecture was proposed with the aim of improving the overall availability of the MARES network in order to comply with the minimum performance standards specified in the Service Level Agreement (SLA). This requires 
server availability which is no lower than 99% over any one year period, with a maximum single down time of 12 hours. 

Even though the Internet connection has very high availability, in order to satisfy the SLA requirement, and to avoid the loss of connections between the proxies and MARE( Server (which is located at the Italian Coast Guard offices), it was agreed that the network architecture should be improved.  
With this in mind, a disaster recovery strategy was developed which included the implementation of a second “light” MARE( server in a separate location from the main server. This substantially reduces the probability of service disruption, as the probability of a breakdown in Internet communications on both servers at the same time is small. One of the goals of this document is to acquaint MSs with the status of the implementation of the new network architecture. 
4.2  New MARE( network architecture

By the end of June, the new MARE( network architecture will have been completed (see figure 22).
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Figure 22
The present situation is that the “light” MARE( Server has already been installed at Fiumicino and the contract with the Internet Service Provider will have been formalised by 20th June. In order to further reduce the probability of having a breakdown in Internet communications on the main and secondary servers at the same time, a different ISP was chosen.  

The second server is a back-up facility that will only be used when the main server has an Internet connection failure, and it is called “light” because it does not have all of the characteristics of the main server.  For this reason, the DB storage capacity of the second server is lower than that of the main server, and the web application is not available.

The second server is set up in such a way that, should the main server have a connection problem, the participating countries and EMSA will continue to receive AIS information without human intervention. 

As showed in figure 22, a synchronisation mechanism between the DBs of the two servers was developed to satisfy the following requirements:

· 
In order that the second server can also authenticate MSs’ proxies, it should have the same information on MSs’ proxy accounts as is contained in the main server.

· The second server should provide the main server with the AIS data collected during the time when the latter was experiencing connection problems.

In order to support the new MARE( architecture, an improved proxy application has been developed, which is able to use, not only a numeric IP address, but also the host name or fully qualified domain name (FQDN). 

The system will begin operating as soon as contractual issues with ISP have been resolved. However, full functionality will only be guaranteed once all MSs have installed the new version of the proxy. In support of this installation, a CD containing the new proxy and related instructions will be distributed to the MS representatives during the EWG.
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Figure 23
Please note that it will be necessary to insert the addresses of servers using either numeric IP addresses or fully qualified domain names (FQDN) in the proxy configuration page (see figure 23).
With these settings, the MARE( proxy will be connected to the IP address of the first server as soon as the connection is operational. Whenever there is a server fault or lost connection, the proxy software will automatically switch to the second server address.
5. 

Dead reckoning tracks
During the 9th EWG meeting, Italy proposed the implementation of a “Dead reckoning track”  service (STIRES9/MED/6) in order to be able to estimate the probable location of vessels that are no longer being monitored by AIS shore systems (on the basis of available information).

Italy undertook to explore the possibility of developing such a tool, and to present the results of the survey at the forthcoming EWG meeting. As indicated above, the heart of the system lies in the algorithm that calculates the estimated ship position. The relatively high level of complexity in the dead reckoning process gave rise to the proposal of using a separate server.   

The new server checks all AIS information received from MAREΣ in order to verify whether information broadcast from ships’ transponders are still being received.  Whenever signals are missing, the server will generate synthetic AIS tracks with the presumed position, on the basis of known information (position, course, speed and next port of call), and the data will be sent to MAREΣ via the previously mentioned proxy EMSA_DRT (see figure 24)
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Figure 24
By using this particular technical solution, the implementation of the dead reckoning service requires almost no changes to the Mare( architecture. The exception is the GIS, which must be organised to manage AIS information coming from the DRT server, and to treat it differently to the real AIS data.
5.1 Implementation state

As mentioned before, the algorithm is considered as the heart of the system. With its very high complexity and the requirement to reduce costs in mind, the possibility of a joint-venture with an Italian university is being explored. The development of the algorithm could be the topic of a graduate thesis, leaving the software house with only the task of developing the software. With this in mind, contacts with several universities have already been established and an agreement is expected soon.
However, the DRT service is ready to be implemented in PELAGUS (the new Italian AIS System), and the PELAGUS GIS has been provided with a layer which shows the dead reckoning tracks (just estimated, or also combined with real tracks). The dead reckoning tracks will be displayed using a dedicated symbol.
In the absence of a DRT server at the present time, a simple algorithm has been developed to test the DRT functionality in PELAGUS, and when ready, the DRT server could be easily integrated in PELAGUS. It could also be integrated in MARE(, providing that the MARE( GIS is adapted accordingly. The migration of the DRT functionality could be made easier with the development of MARE( towards an SOA architecture, as will be proposed in a subsequent document.
6. 

Action required
Participating countries and EMSA are required to take note of the information related to the Dead reckoning tracks, and to comment as appropriate.

With respect to MARE( duplication, MSs are invited to install the new proxy release which will be provided by Italy during the EWG.
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