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Abstract

Indian Space Research Organization (ISRO) is developing a Distress Alert Transmitter that operates with the INSAT Satellite, for the use of Fisherman going deep in to sea. The alert transmitter transmits via satellite to a land station the nature of emergency and the location information to launch search and rescue operations. Indian Coast Guard projected the requirement for a system for the benefit of fishermen at sea.  The transmitter is being developed through an Indian Industry with technical Know-how from Space Applications Centre (SAC) , Ahmedabad. A GPS receiver is part of a transmitter. In the event of emergency, the transmitter, when manually activated, sends a short message containing its position and the type of emergency. Conceptual verification and testing have been done through INSAT. Receive system contains the Web portal for accessing the transmitter position and emergency information on line through Internet.

1. Introduction:

Indian Space Research Organization (ISRO) is developing INSAT based Distress Alert transmitter through an Indian Industry with technical Know-how from Space Applications Centre (SAC), Ahmedabad. The requirement for a satellite based Alert Transmitter was given by the Indian Coast Guards, for use in fishing boats going deep in to sea. In case of emergency, the fishing boat transmits a short message containing its position and type of emergency to a central location through satellite for rescue operation.

2. Main Features of the Transmitter

· The   Alert transmitter is portable.


· The transmitter has inbuilt GPS receiver to give position and time information.

· In the event of emergency the user manually activates the transmitter and press a switch indicating emergency condition to relay the message to a Central Station through INSAT satellite, the function is similar to PLB (Personal locator Beacon)

· The transmitter is low cost affordable by Fisherman.

3. Overall system

Cost consideration is one of the main drivers of the design of the transmitter for the intended application, it was decided to use the UHF band for transmission through UHF X C, transponder on board INSAT satellite.

The design of transmission system consists of Alert Transmitter (in the fishing boat), INSAT satellite and a Central Receive Ground station. Block schematic of the system is given in Fig (1).

The transmit power of the UHF transmitter is 5W(minimum) and information rate is 300bps. Entire data frame is RS coded to get adequate link margin of around 2.0 dB with transmission channel packet error probability of 0.01. RS coding is chosen to take care of burst errors due to interference from terrestrial emission within this band.

4.  Alert Transmitter:

General Description:


The Block schematics of Alert transmitter is given in Fig.2 The Alert transmitter consists of GPS receiver, Digital Message Generator, BPSK Modulator, UHF synthesizer, power amplifier and nearly omni directional antenna and it is battery operated. Specifications of Alert transmitter are given below.

The GPS receiver is used to get the position of the transmitter. The GPS data (Transmitter location data) is given to message generator, which will add ID of the transmitter and read emergency bits from emergency switch. The message generator calculates redundant bits on ID emergency bits and GPS data as per RS coding algorithm and appends it along with the data as given in Fig-3. 

Message generator transmits this packet as per the protocol given above. The data frame received from message generator is BPSK modulated on UHF carrier and this signal is amplified to 7watt(max.) by power amplifier. The output of power amplifier goes to antenna, which radiates signal to satellite.








5. Transmission Protocol.

Random transmission protocol as described below is employed. 

The transmitter is usually in power off condition. As and when emergency condition arises, the user switches ‘on’ the transmitter and sets the emergency condition. As soon as GPS receiver acquires the GPS satellites, the position information is transmitted along with the emergency condition. In the first 5 minutes after the first GPS acquisition, the burst transmission is once during every 1-minute interval, and afterwards once every 5 minutes in random access mode. Every transmission contains new position along with the time of first GPS time acquisition. This continues till the battery power lasts or manual deactivation.  The battery power lasts for minimum of 24 Hours of transmission.

6. Data frame format

The data frame format is shown in a fig.-3. First 192 bits (all zeros) in the frame is used as Carrier Recovery (CR) preamble for the demodulator and hence during this period carrier is transmitted without modulation. 

After the carrier recovery bits there is 64 bits of BTR. These bits are alternate 1’s and 0’s and this is followed by 64 bits of Unique Word for synchronization of frame. The actual data is of 90 bits and consists of 18-bits of terminal ID (MID), 8-bits for indication of emergency conditions, 32-bits each for longitude and latitude and 2-bits for direction i.e. N-S & E-W.  Time field information will be decided later on. The description and allocation of bits are given in table-3. The MID, Time field, Emergency bits, Latitude, Longitude and direction bit are RS coded and 65 redundant bits were generated which is transmitted along with the data. 
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	Time field
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32
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2
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Table-3

	No of bits
	Description

	192
	Carrier recovery bits (CR) (un-modulated)

	64
	Bit Time Recovery (BTR)

	64
	Unique Word (UW) 

	18
	MID – Transmitter identification number

	TBD
	Time field

	8
	Emergency bits

1-

2-

3-

4-

5-8  reserved

	32
	Latitude   8-bit   Degree

                8-bit   Minute(integer)

                16-bit  Minute(fraction)

	32
	Longitude  8-bit   Degree

                  8-bit   Minute(integer)

                  16-bit  Minute(fraction)

	2
	Direction

Bit-1   0- North

           1-South

Bit-2   0-East

            1-West

	65
	Redundant bits (for RS coding)

	475
	Total numbers of bits is to be transmitted


7. Specifications Of Alert Transmitter

Output  frequency


: 402.65MHz to 402.85MHz

Step size



: 500Hz

Frequency stability over temp.
: Better than 1 PPM 

Frequency stability (long term)
: Better than 1PPM /year

Spurious



: >55dbc

Harmonic level


: >30dbc

Phase noise


Freq. offset from center
: SSB phase noise


100Hz



: <-60dBc


1KHz & above

: <-70dBc

Output Power


: 5W min

Output Power Stability

: within 1.5dB over Frequency band and 

  over temperature.

Input (GPS data)
Data rate 



: 4800 baud, asynchronous.

Level




: RS 232

Transmission format


: As given in Fig. 3

CR                        


:192 bits (All ‘1’)

BTR

     

 
: 64 bits (alternate ‘1’ & ‘0’)

UW

     

 
: 64 bits (07EA CDDA 4E2F 28C2 (hex))

Message length 


: 155 bits ( 90 bit message and 65 bit redundant)

Error correction


: RS coding

Transmission  Rate


: 600 sps

Phase ambiguity resolution

: By differential encoding

Modulation



: BSPK

Phase in Accuracy


: ±2º (max.)

Amplitude Imbalance

: ±0.2dB (max.)

Antenna



: Omini

Supply Voltage


: 7.2V Primary Lithium Battery

Operating temperature

: -10deg.C to +50deg.C

Package



: Marine environment, water proof

8. Receive Station


The block schematics of receive station is given in fig-4. The receive system consists of receive antenna, RF down converter, IF down-converter & DSP based burst demodulator and data processing system. Specification and functional requirements of each sub-system is given below.









8.1 Specification of receive station:

Antenna & RF system:

Receive frequency
(3.0m)
: 4505MHz (nominal)

G/T of Receive station 

: 19dB/K

Output IF frequency band

: 70MHz (nominal)

Level




: -40dBm (nominal)

IF down converter and Burst demodulator: 

Input frequency band

: 70 MHz (nominal)

Input level



: -40dBm (nominal)

Modulation



: BPSK

Burst format



: as per Fig-3

Output Info. Rate


: 600 sps

8.2 Description of Receive system:

The satellite signal in Ext. C-band is received by ground terminal consisting of 3m antenna. The 3-meter antenna is a solid dish antenna with G/T of 19dB/K. The antenna can be moved over 90( elevations and 360( azimuths.

 RF system consists of Low Noise Amplifier (LNA), and RF Down converter. A Low Noise amplifier is fitted with feed system amplifies the low-level signal received by antenna. Output of LNA goes to RF down converter, which converts RF signal into IF signal   (70(18MHz). The frequency of IF is settable. 70 MHz IF signal goes to IF down converter and DSP based burst demodulator.

The IF down converter converts 70 MHz input signal to a fixed IF of 9.0 KHz. The 9 KHz signal goes to DSP based burst demodulator, developed at SAC. The 9 KHz signal may have frequency offset due to transmitter frequency offset as well as due to satellite frequency offset. The DSP based BPSK burst demodulator has capability to track 9 kHz(5 kHz signal.   The 9 kHz BPSK modulated signal is given to the burst demodulator. In the burst demodulator the 9 kHz signal first given to an Analog to Digital converter followed by DSP (AD21062 Processor).  The DSP first looks for carrier frequency estimation. The process of estimation is continues till it receives the signal. On detection of the carrier the DSP processor starts demodulation of the signal and differentially decoded synchronous data at 600 sps is obtained. An interface card converts the synchronous data to asynchronous data at 4800 baud, which goes to data processing system (PC). RS decoding is done in the PC with software developed at SAC.

The data processing system consists of Pentium-IV PC platform that receives data on com. port and process the data and stores it. The PC displays the received data on-line and also acts as Web Portal for on-line accessing the position and emergency condition of the transmitter. The Web portal is developed at SAC.

9.0 Testing conducted through INSAT:

Space Applications Centre has done conceptual testing of the transmitter through UHF X C band Transponder of INSAT 3A satellite.  The transmission protocol software developed was ported in available hardware already developed for Data Collection Platform, which uses the same transponder of INSAT 3A. The transmitter power of 5W and a patch antenna were used for transmission to satellite.

The satellite signal was received through 2.4m solid reflector antenna and the received data was displayed on monitor as well as accessed through Internet.

10.0 Conclusion:

Indian Space Research Organisation (ISRO) is developing Distress Alert transmitter for use by fishing boats, taking the requirement from Indian coast Guard. The design is cost effective. Conceptual testing of the system has been done successfully through the transponder of INSAT 3A satellite in the earth station at SAC, Ahmedabad. Development of production units is through an Indian Industry and few units for field trial will be available by August 2005.
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Fig-3. Transmit frame format








GPS





Fig-2 Block Schematics of Alert Transmitter
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Fig 1 BLOCK SCHEMATIC OF DISTANCE ALERT TRANSMISSION SYSTEM
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Fig-4 Receive station
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