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Abstract

Automatic Identification System-AIS is used for automatic identification of ships and coast stations (CS) in the Vessel Traffic System-VTS. In the data exchange the system uses very high frequencies (VHF) and Global Positioning System (GPS) receiver. AIS system is considered to be very important for the safety of navigation. The article deals with technical errors of AIS device and gives reasons why AIS is not considered to be navigational aid for preventing collision at sea. The potentials of AIS technology are defined, as well as their use. The comparative analysis shows the output data for two types of AIS devices (devices of class A and class B) and their technical errors.

Keywords

      AIS, technical errors, receiving, transmission, safety
1. introduction
Automatic Identification System- AIS is considered as a device which contributes to the protection of ports and ships and the protection of sea environment. The device identifies ships and land-based stations and gives information about their specifications. It is integrated with other devices on a ship such as Global Positioning System (GPS), Electronic Chart Display and Information System (ECDIS), Voyage Data Recorder (VDR), Radio Detection and Ranging (RADAR) and Automatic Radar Plotting Aid (ARPA).
According to the SOLAS
 convention from 2000, chapter V, rule 19 navigating equipment is specified for each ship depending on its type. International Maritime Organization (IMO) has approved new rules which proclaim the AIS system mandatory. The IMO rule applies to all the ships from 300GT and bigger that are in international navigation, cargo ships from 500GT
 and bigger that are not in international navigation as well as all the passenger ships regardless of their size. This decision is effective from December 31, 2004 and it applies to:

· Passenger ships built (finished) not later than July 01, 2003

· Tankers which had the first security check or inspection after July 01, 2003

· All the ships, passenger ships and tankers excluded, bigger than 500 GT not later than July 01, 2003 
2. POSSIBILITIES OF AIS TECHNOLOGIES AND THEIR USE

A certain use of two kinds of AIS devices class A and class B is prescribed (figure 1). Class A is mandatory for ships from 300 GT or bigger that are in international voyages, cargo ships from 500 GT and bigger that are not in international navigation and passenger ships (that carry more than 12 passengers) regardless of their size. It is estimated that approximately 40000
 ships today use class A while class B was not introduced until 2007 and it enables a new generation of AIS devices that are available at lower prices and their range is limited, as well as their characteristics.

The difference between class A and class B AIS device is shown in table 1. 
Table1. AIS devices class A and B output data

	CLASS A DEVICE
	CLASS B DEVICE

	Emission
	  Symbol suggestion
	Reception
	  Symbol suggestion
	Emission
	  Symbol suggestion
	Emission
	Symbol suggestion

	General data
	ao1
	General data
	ap1
	General data
	ao1
	General data
	ap1

	Static data
	ao2
	Static data
	ap2
	It does not emit IMO number and call sign
	bo2
	Static data
	bp2

	Dynamic data
	ao3
	Dynamic data
	ap3
	It does not emit dynamic data (ETA3,odredište,navigacijski status)
	bo3
	Dynamic data
	bp3

	Textual messages
	ao4
	Textual messages
	ap4
	It does not emit textual messages
	bo4
	Textual messages
	bp4

	Binary messages
	ao5
	Binary messages
	ap5
	It does not emit binary messages
	bo5
	Binary messages
	bp5

	Turn intensity of a ship
	ao6
	Turn intensity of a ship
	ap6
	It does not emit turn intensity of a ship
	bo6
	Turn intensity of a ship
	bp6

	Draught of a ship
	ao7
	Draught of a ship
	ap7
	It does not emit draught of a ship
	bo7
	Draught of a ship
	bp7


Source: http://www.navcen.uscg.gov/?pageName=types
It is recommended to present class A and B AIS devices output data in sets: 

(O1 - P1) and (O2 – P2)                                                                          (1.1)

Set O1 for class A is shown as:
O1= {ao1, ao2, ao3, ao4, ao5, ao6, ao7}                            (1.2)

Set P1 for class A is shown as:

P1= { ap1, ap2,  ap3,  ap4,  ap5, ap6,  ap7}                         (1.3)

Set O2 for class B is shown as:

O2= { ao1, bo2, bo3, bo4, bo5, bo6, bo7}                         (1.4)

Set P2 for class B is shown as:

P2= { ap1, bp2,  bp3,  bp4,  bp5, bp6,  bp7}                       (1.5)

According to the above, the intersection of sets O1 and O2 and sets P1 and P2  is shown as:

O1∩O2=ao1                                                                                                   (1.6)

P1∩P2=ap1                                                                  (1.7)

In case the output data from the elements of set O1 - P1 and O2 - P2 are observed through time function, this can be shown as follows:

f(t1) =  2-10 seconds                                                 (1.8)

(time interval for element o1 for class A device)                                                                         

f(t2) = 6 minutes                                                       (1.9)

(time interval for element o2 for class A device)            
f(t3)= 30 seconds                                                    (1.10)

(time interval for element o3 for class B device)           
The following algorithm is suggested to show time functions for separate elements from the above mentioned sets (figure 2).
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Figure 2. Time function algorithm for separate elements from sets O1-P1 and O2-P2

3. TECHNICAL ERRORS OF THE SYSTEM AND THEIR ANALYSIS
Errors of the AIS system can be shown with the following model:
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Figure 3 General model of AIS system errors
From the model shown in figure 3, it is suggested to show technical errors as T and human errors as H.
Description of technical errors (T) of the AIS device:
t1 = no emission / AIS device stops sending data 

t2 = no reception on working frequencies / AIS device stops the emission on all channels (n)

t3 = general error / AIS device stops the emission on all channels (n)

t4 = no position data / AIS device continues to work using the internal GPS system
t5 = no speed over ground / AIS device continues to work but it does not show speed data 

t6 = no course over ground / AIS device continues to work but it does not show course data
t7 = no rate of turn intensity data (ROT)

In the analysis, according to all the types of technical errors (T), two possible working conditions can be observed:

Condition D1  (technical errors t4-t7) 

Condition D2  (technical errors t1-t3)

When the device is in working condition (D1), it continues to work regardless of the error which has occured. If the AIS device is in working condition (D2), it does not continue to work regularly due to the influence of the error. 

Taking into consideration that there are two AIS device conditions D1 and D2, it is necessary to classify technical errors (T) and their impact on the work of the AIS device, depending on the conditions of the device (D1 or D2).

Technical errors can also be shown as a set of elements:

Tais ={t1, t2, t3, t4, t5, t6, t7,}                                       (1.11)

If any of the errors (H or T) occurs, the device is considered invalid. The analysis of possible errors is shown with the algorithm of condition D1 (figure 4) or the algorithm of condition D2 (figure 5). 
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Figure 4. Algorithm of condition D1
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Figure 5. Algorithm of condition D2

Conclusions

The AIS system gives information that is important to the navigator and that is also far more precise and real than in the ARPA devices, for instance. The analysis has demonstrated that the data AIS gives is more correct than any navigation system data, however, the AIS device is not reliable enough to avoid collisions at sea. 
Not all ships are in possession of the AIS system. It is important to underline the fact that the quantity and quality of information input given by the navigator is often questionable. In addition to this, AIS demonstrates some technical flaws that should be removed in order to completely apply it in navigation. The performance of the AIS system is considered unreliable if above mentioned technical flaws appear. For the AIS system to be relatively reliable, each error has to be corrected as quickly as possible. 
It is also suggested to control the system in certain time intervals and to check the accuracy of the data once the errors are removed. Except for the technical errors, there are also errors whose main factor is human. 

Since the human factor is present in the system, extra caution and maritime training is suggested, as well as constant navigator specialization that should keep up with the AIS system development and upgrade. 
Measures necessary to reduce errors whose main factor is human can be prescribed with time intervals necessary for ship equipment familiarization before its use. 

The entire system is relatively in its early development phase thus its wider and probably more developed application can be expected in the future. 
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