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ABSTRACT  
 

The purpose of this paper is to develop a SART system to a smart SART system that is able to give 
the location and the identification (ID) of the floating boat after ship sunk.  In a real-world environment 
normally when the ship sunk the SART is used to locate the position of the life-raft and it is only one 
method. For ship itself the used system is the Emergency Position Indicating Radio Beacon (EPIRB) 
using satellite which is used to indicate the sunken ship position. 

The proposed system offer three methods for the life-raft these are the old SART method, signaling 
to automatic identification system (AIS) to other ships AIS systems, and signaling to land base stations 
of EPIRB using satellite. The system is capable of tracking the sunken boat without losing track due to 
the system ability to send three types of signals SART to RADAR, AIS signal to nearby ship and signal 
through satellite to land base AIS systems. The study focuses on developing the old SART to smart 
SART using, RF1 Module Type APC220 for 2.4 GHz, RF2 Module Type HC- 12 for 433 MHz, GPS 
module type X-blox6, micro controller type Pic 16F 877A, keyboard and display 20 x 4 Char (5x8 dots). 
In additional to that the used system software is pic basic pro for programing micro controller to enable 
RX and TX capability. So using the proposed system offers a reliable possibility of identifying and 
following a particular floating boat in a sea.  The proposed system first determine the location using 
GPS and the result is send with ID to RADAR of nearby ships, AIS signal to ships AIS system and 
satellite massage to land base station. 

 
Key words: GPS, SART, AIS, RADAR, Microcontroller, Safety of life at sea. 

 
Introduction 
 

Normally when the ship sunk in sea and the rescue boat split about it. The ship itself send a 
warning signal to indicate the ship sunk using the EPIRB system when touch the water, more over the 
rescue boat that split from the ship has a SART system that will operate by the people on it that will 
send a signal which will appear on nearby ships Radar asking for search and rescue., The new proposed 
system what is happening for the ship using the EPIRB will be the same. If the SART is placed lying 
on the floor of the life-raft / survival craft, the required range amounts to 1.8 NM, whereas the SART 
standing upright on the floor has a range of 2.5 NM. If the SART is floating in the water, its range is 2 
NM (IMO, 2014) the rescue boat which is instead of sending one signal from SART we will add two 
another additional signals one will target the AIS for the nearby Ships and the second will target the 
base station using satellite simulate what is done by ship EPIRB. Applying this technique the rescue 
boat will have three methods for asking help which increase the redundancy by 200%. 
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The SART operates in frequency range: 9.2 GHz to 9.5 GHz. It is used to locate a survival craft 
or distressed vessel by creating a series of dots on a rescuing ship's radar display. It is will only respond 
to a 9 GHz X-band (3 cm wavelength) radar SART may be triggered by any X-band radar within a 
range of approximately 8 nautical miles (15 kilometers). Each radar pulse received causes the SART to 
transmit a response which is swept repetitively across the complete radar frequency band. When 
interrogated, it first sweeps rapidly (0.4 microsecond) through the band before beginning a relatively 
slow sweep (7.5 microseconds) through the band back to the starting frequency. Dynamic conditions of 
SART operation directly depend on various motions of the vessel. According to (Hayashi et al., 2008), 
the vessel motions are affected by the state of the sea and other weather conditions. This process is 
repeated for a total of twelve complete cycles. At some point in each sweep, the radar-SART frequency 
will match that of the interrogating radar and be within the pass band of the radar receiver. If the radar-
SART is within range, the frequency match during each of the 12 slow sweeps will produce a response 
on the radar display, thus a line of 12 dots equally spaced by about 0.64 nautical miles (1.2 km) will be 
shown.  When the range to the radar-SART is reduced to about 1 nautical mile (2 km), the radar display 
may show also the 12 responses generated during the fast sweeps. These additional dot responses, which 
also are equally spaced by 0.64 nautical mile (1.2 km), will be interspersed with the original line of 12 
dots. They will appear slightly weaker and smaller than the original dots. However, it can be noted that 
the application of the SART in real-life conditions in practice does not achieve the results required by 
relevant. 

The AIS is an automatic tracking system used on ships and by vessel traffic services (VTS) for 
identifying and locating vessels by electronically exchanging data with other nearby ships, The 
combination of the three words Accounting Information System indicate an integrated framework 
within an entity (such as a business firm) that employs physical resources (i.e., materials, supplies, 
personnel, equipment, funds) to transform economic data into financial information for conducting the 
firm’s operations and activities, AIS base stations, and satellites (Bhatt, 2001). When satellites are used 
to detect AIS signatures, the term Satellite-AIS (S-AIS) is used. AIS information supplements marine 
radar , AIS information collected from providers is useful in identifying, for example, ships spilling oil 
in open sea (Ambjorn, 2008) and predicting the financial gain given by marine trading (Bloomberg, 
2017), which continues to be the primary method of collision avoidance for water transport. Information 
provided by AIS equipment, such as unique identification, position, course, and speed, can be displayed 
on a screen or an electronic chart display and information system (ECDIS). AIS is intended to assist a 
vessel's watch-standing officers and allow maritime authorities to track and monitor vessel movements. 
AIS integrates a standardized VHF transceiver with a positioning system such as a GPS receiver, with 
other electronic navigation sensors, such as a gyrocompass or rate of turn indicator. Vessels fitted with 
AIS transceivers can be tracked by AIS base stations located along coast lines or, when out of range of 
terrestrial networks, through a growing number of satellites that are fitted with special AIS receivers 
which are capable of de-conflicting a large number of signatures. The International Maritime 
Organization's International Convention for the Safety of Life at Sea requires AIS to be fitted aboard 
international voyaging ships with gross tonnage (GT) of 300 or more, and all passenger ships regardless 
of size. 

EPIRB is used to alert search and rescue services in the event of an emergency. It does this by 
transmitting a coded message on the 406 MHz distress frequency via satellite and earth stations to the 
nearest rescue co-ordination center. Some EPIRBs also have built-in GPS which enables the rescue 
services to accurately locate you to +/- 50 meters. EPIRBs are generally installed on boats and can either 
be operated automatically after an incident or manually. In most countries they are mandated to be used 
in all commercial shipping. However, they are also used on yachts and leisure boats.  The types of 
EPIRBs are Category I-406/121.5 MHz. Float-free, automatically activated EPIRB. They are detectable 
by satellite anywhere in the world. They are recognized by GMDSS and Category II - 406/121.5 MHz. 
Similar to Category I except is manually activated. Some models are also water activated. 

 
II. Previous work and current trend 
 

Most of the previous papers that we read were present the effect of real life condition to the SART 
Radio Horizon. When the device operated on various life-rafts the actual ranges achieved under 
dynamic condition depending on the antenna heights, all of this papers try to achieved the result required 

http://www.navcen.uscg.gov/?pageName=cgsicIisc
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by relevant recommendation because the application of SART in real-life condition does not achieved 
this required, this leads to more accurate position.  
  
III. Proposed system 
 

The new proposed system uses three different signals instead one signal of the old SART system, 
Satellite signal, VHF signal we have the new SART by adding with the radar transponder more 
Interfaces as SAT communication message and AIS communication message. These messages include 
the GPS data with the ID data. We used a RF transmitter 2.4GHz to simulate the Sat Transmitter of 407 
MHz (not to buzzer the sat alarm system during tests and due to unavailability), it is the same for AIS 
we used RF transmitter 900MHz to simulate the VHF channel. We added as a common service the GPS 
receiver, the final result of the design is to produce a general message having the GPS data and our own 
ship ID data. For example (LAT, Long, ID) this message is sent periodically through RF1 and RF2. 

 
III.1 System Hardware 
 

The main card (basic board) consist of a micro controller PIC 16F877A, Beep alarm, LCD 
Display interface, keyboard interface, GPS interface, RF1 (2.4GHz) interface and RF2 (900MHz) 
interface as shown in Figure 1. The system circuit diagram and the total connection is shown in Figure 
2 and the connection plus wiring between all systems units as shown in Figure 3.  

 

Fig.1: Represent the total system components  
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Fig. 2: The complete circuit diagram for the card and interfaced modules  

 
Fig. 3: The connection and wiring between all system units 

A-Micro controller 
 

We used the PIC 16F877A microcontroller to be the core for this interface (Fisher, 2005). Port B 
was used to interface with the keyboard panel (4x5 matrixes). Pin D.2 is used to control the buzzer. Pins 
D.7 and D.6 are used to interface to RF1. Pins C.7 and C.6 are used to interface to the GPS through a 
level converter. Pins C2 and C3 are used to interface to RF2. Port B was used to interface with the 
keyboard panel (4x5 matrixes). Port A was used to interface with the LCD (4 Lines x20 Character), the 
software inside the micro controllers is listed in appendix A. For portability the used power supply is a 
battery (rechargeable 5 volts). 
 
B- LCD 
 

It is used to test the basic board and the interfaced modules. It can be connected to the basic board 
through 2 (6 pins) sockets as we shown in Figure 4. 

 
Fig.4:  LCD block diagram.  

 
The outputs for 2.4MHz and 900 MHz in the ship formation (LAT, long, ship Id) are shown in 

Figure 5. 
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                             Fig. 5: represents the output from 2.4 GHz & 900 MHz 

 
C –Keyboard 
 

The system keyboard is of 4x5 matrixes. It is very important to give orders to the device to 
control or test. 

 
D -GPS 
 

The used X-blox6 GPS module (The available) is shown in Figure 6. The 50-channel u-blox 6 
positioning engine boasts a Time-To-First-Fix (TTFF) of less than 1 second (NEO6, 2017). The 
dedicated acquisition engine, with 2 million correlators, is capable of massive parallel time/frequency 
space searches, enabling it to find satellites instantly the microcontroller that attached to the US-100 
will detect the distance by measuring the pulse width of the output pulse (US-100, 2011) 

 

Fig. 6: system GPS Module type X-blox6 
 
E- Logic Converter 
 

It is used to converts the output of GPS to required format necessary for our system as shown in 
Figure 7. 
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Fig. 7: System Logic converters 

 
F- Radio Frequency (RF) Modules 
 
F.1. RF1 Module 
 

RF1 Module Type APC220 for 2.4 GHz is used. This module is representing the SAT 
communication device that communicates to land base stations. Normally when the ship sunk the 
EPIRB device is operated and sends the (LAT, Long and the ship Id) as a single repeated message to 
SAT system. This is what is simulated by RF1 Module but for the rescue boat which is representing the 
SAT communication to land base station as shown in Figure 10 (DFRobot, 2017). So, this realizes and 
represents the second method for communication of the rescue boat. 

 

 
Fig. 10: RF1 Module 

 
F.2. RF2 Module  
 

RF2 Module Type HC-12 for 433MHz Figure 11. This module is representing the VHF device 
that communicates to AIS system.  When the ship sinks the device is operated and sends the (LAT, 
Long and the ship Id) as a single repeated message to AIS system (Morsi, 2014). So, this realizes and 
represents the third method for communication of the rescue boat. 

 

 
Fig. 11: RF2 Module 
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III.2 System Software 
 

The system software is shown in appendix A, the system software use language pic basic pro 
used to program the microcontroller. 

 
IV- System Test Procedure:  

 
The Tx card we are using a demo program which reads the GPS position (LAT & Long) and 

combine them with the ship's name (Romiu14). This make a message of 30 words which is transmitted 
in both channels (SAT & VHF). The test device is the same board designed before but we connected 
the LCD display, Keyboard, and the RF1, RF2 modules. (We don't need the GPS here) When the device 
is on it indicating in the 1st and 2nd lines the message received at 2.4GHz. It also indicates in the 3rd and 
forth lines the message received at 900MHz. This is the got image of the display as shown in figure 12.  

 
Fig. 12: The output message data during operation 

 V-Conclusion  

By Appling the proposed system the rescue boat has three methods for announcing himself and 
ask for help, the first one is the traditional SART and the new added two methods are using AIS method 
and satellite communication method. The proposed system give residual two additional methods that 
will lead to more confidence in locating the rescue boat after ship sunk. The proposed system is 
implemented and tested and can be applied to any type of ships. More over the system software and 
hardware were tested and the positive result were obtained  
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