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Abstract

Full potential of Indian SAR system has not been realized still, mainly due to the prohibitive cost of available beacons. India has got vast East and West coast, where large population depends upon fishing. Many fishermen will benefit if beacons are available at low cost, to use during life threatening situations. To utilize SAR payload to the maximum extent in INSAT series of Satellite, VSSC has taken up the task of developing a low cost beacon. With this aim, the cost structure of the available beacon has been analyzed. It is found that RF carrier generation subsystem contributes maximum to the cost. So the main focus is to realize RF carrier generation, using low cost commercial/Industrial grade components. COTS from multi vendors are available in the market to support wireless communications systems. Same components can be configured to meet the requirements of RF carrier generation of the beacon, which will result in overall cost reduction of realizing beacon. The paper describes the technology, which may lower the cost of 406 MHz beacons to support Indian, fishermen, small aviation aircraft, and recreational/ expedition users.  

1.  Background:

· India is one of the most populated countries with a large coastal area.  In the coastal regions of India, livelihood of people largely depends on fishing.  In addition, Indian coastal areas are often hit by cyclones leaving a number of fishing vessels missing involving loss of human lives.

· Due to the high cost of distress beacons generally, it is not mandatory in India for fishermen to carry even 121.5 MHz distress beacons on small fishing vessels.  If the 406 MHz beacon cost could be reduced to say about US$ 200, the Indian government might be willing to legislate for the mandatory carriage of 406 MHz distress beacons by fishermen, and provide moderate funding and make the beacons available at a subsidised cost.  

· In India, we have a large population of small aircraft used for civil aviation and other requirements.  These aircraft presently carry 121.5 MHz beacons, and therefore phasing out these beacons would be easier and faster for aircraft owners if the cost of the 406 MHz beacons is within an affordable limit.

· India has a huge mountaineering area (Himalayas) that attracts a lot of tourists from around the globe for tracking expeditions.  The Indian MCC has already supported a number of such rescues.  Not all expedition teams carry beacons.  Beacon carriage could be made mandatory if the cost of the beacon was made affordable. Several cases have come to light where members of expeditions teams have gone missing without an alerting device.

· Use of 406 beacons is the only viable solution for fishing boats/small aircraft/ recreational/expedition users provided the cost can be reduced to about 
US$ 200.

2.  Lower cost 406 MHz Beacons: International Status

In making the decision to terminate the satellite processing of 121.5 MHz signals from 1 February 2009, the Cospas-Sarsat Council recognised that some users might not voluntarily replace their 121.5 MHz beacons with 406 MHz models because of their higher price.  Therefore, as part of the 121.5 MHz phase-out activities, 
Cospas-Sarsat has been actively investigating technologies and possible specification changes that would enable 406 MHz beacons to be produced at a lower cost, while maintaining the same operational performance. 

3.  Radio Beacon for Search and Rescue (SAR):

The major subsystems of SAR beacon are:

a) Carrier Generator     b) Digital code generator     c) Modulator & Power Amplifier d) GPS receiver & GPS antenna  as shown in Fig 1.

Fig 1: GPS Antenna and GPS Reciever

3.1  Carrier generation:

a) Multiplier method:

The conventional method of generating carrier is by multiplier technique. In this method, a low frequency OCXO of frequency 12.688375 MHz is selected and the frequency is multiplied to 406.028 MHz by using transistor multiplier and SRD multiplier as shown in Fig 2. The output is finally passed to a band pass filter to remove harmonics.


Fig 2: Transistor and SRD Multiplier

The drawbacks of this method of carrier generation are as follows.

1) Custom made OCXO or TCXO of selected frequency is very expensive.

2) It requires tuning and alignment of multipliers.

3) It requires band pass filter at 406.0 MHz.

b) Integer Phase Lock Loop (PLL):

To overcome the above problems synthesizer based frequency generation is adopted by using either Integer PLL or Fractional-N PLL ICs. The Integer PLL IC consists of Reference divider register (R-divider) VCO divider register (N-divider) and phase frequency detector (PFD) as shown in Fig 3. In Integer PLL, VCO frequency is integer multiple of comparison frequency (Fpfd) of phase frequency detector as shown in Fig 3. The PFD output is proportional to phase difference between R- divider and N-divider outputs. The PFD output is applied to VCO, after passing through loop filter. 10MHz/5MHz OCXO or TCXO is commercially available from various vendors.


Fig 3: Integer PLL IC

The VCO frequency (FVCO) is determined by the following equation
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To generate carrier frequency of 406.028 using 5.0MHz OCXO, the R-value and N-value are 1250 and 1,01,507 respectively. The drawbacks of this method of carrier generation are as follows:

i) Phase noise of the carrier deteriorate by 20 log N, with respect to 5.0 MHz OCXO noise floor. Since N is very large, the phase noise performance is very inferior compared to multiplier method. 

ii) Near the carrier, spurious outputs will be present.

c) Fractional-N Phase Lock Loop (PLL):

To overcome the phase noise problem, Fractional-N based synthesizer can be used. In fractional-N PLL the VCO frequency is fractional multiple of comparison frequency (FPFD). The fractional-N PLL IC contains R-divider, N-divider and Phase Frequency detector (PFD). Unlike Integer PLL the N-divider register contains Integer register, Modulus register and Fraction register along with third order Fractional Interpolator as shown in Fig 4.


Fig 4: N-divider register

The VCO frequency (FVCO) is given by the following equation 
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For 10.0 MHz OCXO, to program VCO frequency of 406.028 MHz, the reference, Integer, Fractional and Mod registers are loaded with the value of 5, 203, 28 and 2000 respectively. Since the N is small (203) compared to the case of Integer PLL, the phase noise performance is much better than Integer PLL phase noise. And also the beacon frequency can be programmed to the resolution 1.0kHz. The spectrum of the beacon realized is shown in Fig 5. From the figure it can be seen that phase noise at 10.0kHz away from the carrier is –104 dBc/Hz.

.
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Fig 5: Spectrum of the beacon realized

The advantages of this scheme are as follows.

· The beacon frequency can be programmed to a resolution of 1kHz
· The phase noise near the carrier is comparable to that of multiplier technique.
d) Temperature compensation:

i) Direct Compensation:

OCXO provides significantly better temperature stability than TCXO, but the power consumption is much higher, typically 0.5 watt at 25oC and also requires a few minutes to warm up. Now micro miniature OCXOs, with half size; DIP-8 compatible pin out, 5x10-8 stability (-45oC to 85oC) and very fast warm up time (30 seconds) are available. But they are expensive ($250 per unit). TCXO is preferable to OCXO especially, in battery operated system. TCXO basically consists of a varactor diode  in series with a crystal. A thermistor network generates a correction voltage proportional to the frequency error. This correction voltage is applied to the varactor diode and it compensates for the frequency error. TCXO with stability of the order of (0.3ppm    (-45oC to 85oC) is available in market, but they are expensive (cost US$100.00). This type of compensation is known as direct compensation technique.

ii) Indirect compensation :

To reduce the cost still further, indirect method of compensation can be used. In this method, fraction register (refer Fig (4)) values for various temperatures are stored in look up table residing in the micro controller. A digital temperature sensor which has an accuracy of (0.5oC provides index for the look up table. Fraction register of the PLL is refreshed from the look up table at regular intervals to keep the output frequency stable by compensating for the frequency drift of the crystal at various temperatures. By this method of indirect compensation, the authors are aiming to achieve (0.3 ppm stability (-45oC to 85oC). This approach will achieve stability with affordable cost. 

4. Cost Estimate:

As mentioned above one of the objectives of the design is to have the cost of beacon affordable for Indian uses.  COTS approach was chosen when selecting the components to bring down the overall cost of the beacon.  Considering the requirement in India in large volume the total component cost could be kept within around $ 150.  The GPS Receiver and Lithium – ion cells would cost $ 25 each and the packaging of the beacon to withstand all environmental conditions could cost another $ 50.  With this it is expected to keep the cost of the beacon around $ 200. 

Latest pick and place assembly technology will be used for faster turn out and cost reduction and higher reliability. In Circuit Serial Programming (ICSP) will be used to configure the devices after assembly. 

5.  Keywords:

SAR – Search And Rescue; COTS – Commercial Of The Shelf; PLL – Phase Lock Loop; OCXO – Oven Controlled Crystal Oscillator; TCXO – Temperature Compensated Crystal Oscillator; SRD – Step Recovery Diode; VCO – Voltage Controlled Oscillator

6.  Current Status:

The complete proto-model of the beacon having the subsystems mention in Fig 1 has been realized and tested successfully.  The compatibility with the ground segment (LUT) at ISTRAC, ISRO, Bangalore has been proved during field trials. The mechanical packing including activation mechanism has to be developed.  

7.  Conclusion:

Recognising the capability of GEOSAR system, it is possible to develop a new class of radio beacon to reduce the cost substantially even if it is not in accordance with the current Cospas-Sarsat specifications, provided the beacon has similar location accuracy to current beacons and is capable of being detected by the Cospas-Sarsat satellite system. This would allow extension of the benefits of the global 
Cospas-Sarsat system to every legitimate user in the world.

8.  Acknowledgement

The authors would like to thank Mr. T.R. Chidambaram, Deputy Director, AVN and Mr. N.K. Agarwal, Group Director, RFSG for their support to pursue this activity. They are thankful to Mr. P. Soma, Group Director, MOHA, ISTRAC, 
Mr. N.K. Shrivastava and Mr. P. Gunasekhar of INMCC/ISTRAC for providing ground station support during prototype board testing and assisting in writing this paper. The authors would like to acknowledge and thank for the constant encouragement and motivation received from Mr. A. Bhaskaranarayana, Director, Satcom Programmes, Mr. D. John, Deputy Director, SCA and Mr. S.K. Shivakumar, Director, ISTRAC, during this development. The authors also thank their colleagues, who worked in this project.

Carrier





Generation





Modulator





Power Amplifier





Battery





Code Generator





GPS Receiver





12.688375 OCXO





X4 Transistor Multiplier





X8 SRD Multiplier





406.028 MHz





OCXO/TCXO





VCO





R divider





PFD





N divider





Loop filter





Fraction Reg.





VCO





PFD





R divider





Loop Filter





OCXO/TCXO





Modulus Reg.





GPS antenna





Third order Fractional Interpolator





N counter





406.028 MHz


5.0 watts





FPFD





FPFD





IP





Integer Reg.








PAGE  
6

_1168152921

_1168329557.unknown

_1168096957.unknown

