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Abstract

The International Cospas-Sarsat system provides distress alerts and location information to Search And Rescue (SAR) authorities, anywhere in the world, for maritime, aviation and land users in distress.  The system can process signals from two types of distress beacons: i) 121.5/243 MHz beacons, mostly carried on board aircraft ii) a 406 MHz beacon specially designed to operate in the Cospas-Sarsat system.  

Realising the potential of Cospa-Sarsat system to provide Search and Rescue information, Indian Mission Control Centre (INMCC) along with two Local User Terminals (LUTs) one each at Bangalore & Lucknow was setup in 1989 after India formally became a member of the Cospas-Sarsat programme.  Later in 1992, Geostationary component was added with the launch of INSAT-2A.  The paper describes the technical details of Indian system, current status, operational services offered to user community and the overall contribution made by INMCC to search and rescue.

1.  Introduction

ISRO is a member of International Cospas-Sarsat system for Search & Rescue programme. As of November 2004, there are now 37 countries and organisations formally associated with the Cospas-Sarsat programme.  Currently the programme is supported by 58 ground receiving stations (known as Local User Terminals – LUTs: 43 LEOLUTs and 15 GEOLUTs), 26 Mission Control Centres (MCCs), and a space segment of 7 LEO and 5 GEO spacecrafts including INSAT-3A. At the beginning of January 2004, about 341,000 beacons were in use at 406 MHz. As per estimation about 650,000 beacons are operating at 121.5 MHz. Fig 1 depicts the overall Satellite Aided Search and Rescue (SASAR) System Concept.

2.  Satellite Aided Search and Rescue Programme (SASAR) : ISRO’s Perspective

ISRO provides the services of this system from the following main objectives:

· ISRO being a space agency, promotes such services, which are space-based for saving human lives (a very good humanitarian cause) without any discrimination to national and international user community.

· Self reliance in meeting national requirements for providing SAR services  

· International cooperation – partnership and cooperation with major space agencies for development, operations and management of the Cospas-Sarsat system. Indigenously developed Indian GEOSAR system (SAR payload on INSAT series of satellite, and ground processing system) is a unique contribution providing extension of GEOSAR services in the sub-continent based on international cooperation.  

· Promoting regional cooperation: providing services to 7 neighboring countries without making any additional investment in space, ground and applications segments 
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Registered Beacons at INMCC as of Dec. 2004:

EPIRB (Indian Registered):      

1107

ELTs    (Indian Registered):     

404   

ELTs 

(US Registered used on Indian aircraft):

45     

PLBs

(Indian Registered):      

292     

Total (406 MHz Beacons Registered):  

1848

121.5/243 MHz ELTs/

PLBs

:  2000


3.  Indian Ground System 

A typical ground system consists of an antenna to receive the signals from the satellites, a RF (Radio Frequency) system to strip the signals from the downlink frequency (1544.5 MHz), computers to determine locations, and collate & distribute satellite derived information to the appropriate agencies.  The antenna, RF system and processing computers are generally grouped together to form a LUT.  The computers, which collate and distribute location information to Rescue Coordination Centres (RCCs) are generally grouped together to form a Mission Control Centre (MCC).   Fig 2 represents the Indian LUT - MCC block diagram.

Two LEOLUTs (Low Earth Orbiting LUTs) were set up by ISRO, one each at Bangalore (1989) and Lucknow (1990). The Indian Mission Control Centre (INMCC), responsible for coordination with the rescue coordination centers, and other international MCCs is co-located with the Bangalore LUT. The Indian GEOSAR (Geo-stationary Earth Orbiting SAR) system with one GEOLUT at Bangalore and Indian satellite INSAT-2A became operational in 1992. The INMCC is connected with 4 RCCs of the Airports Authority of India  (AAI) situated at 4 metro airports (Chennai, Mumbai, Delhi and Kolkata) and Maritime Rescue Coordination Centres (MRCCs) of Coast Guard situated at Chennai Mumbai. The INMCC operates 24h a day, 7 days a week and relays the distress alerts to RCCs and MRCCs using Aeronautical Fixed Telecommunication Network (AFTN) communication system provided by the Airport Authority of India (AAI). INMCC also implemented Internet based data communication system using “FTP” and “Email”, which is already operational with external MCCs.

As the satellites orbits the earth, they receive any signal being transmitted in the emergency bands by distress beacons operating on any (or all three) of the distress frequency bands 121.5 MHz, 243 MHz and 406 MHz.  Once received, the signals are immediately retransmitted back to earth in a process referred to as the "bent pipe" (repeater) mode.  In this mode, the satellite must be in the visibility of a LUT for the signals to be received and processed, or else the information is essentially lost.  Because the 406 MHz signals contain identifying data, they can easily be stored and then later processed.  By tagging each unique 406 MHz signal with the time, the ground based computers can determine locations anywhere in the world.  Hence, the storing and subsequent transmission of 406 MHz data is referred to as the "global" mode.

The location of beacons is determined by Doppler principle using the relative motion between the satellite and the beacon. With the precise measurement of Doppler and the knowledge of satellite orbit, position of distress signal can be estimated. The accuracy of Doppler location is within 20km for 121.5/243 MHz beacons and within 5 km for 406 MHz beacons. The new generation 406 MHz beacons are capable of providing GPS location within 100 m accuracy. 

2.1
User Services

INMCC, ISO 9001/2000 certified, provides operational support through an organised system as per international Cospas-Sarsat standard.  The system is designed to operate automatically with minimum operator interaction - manned only during office working hours (09:00 – 17:30 hrs, local time), Monday through Saturday. The availability of system is maintained higher than Cospas-Sarsat specifications (LUTs > 95%, INMCC > 99% in a year). INMCC at Bangalore provides following services to user community:

i) Satellite based distress-alerting services to marine, air and land based users in the sub-continent, 24 hours a day, 7 days a week and 365 days in a year.  

ii) Maintenance and operation of national beacon registration database to provide information on vessel, aircraft or person in distress to national and international SAR agencies

iii) Necessary training to rescue agencies and organize system awareness and promotional activities for various user communities/segments 

iv) Support and planning of beacon and system test exercises as per requirements

v) Allocation of serial numbers, maintenance of an inventory, and necessary support and guidance to users for beacon coding

3.   ISRO’s Participation: Major Contribution

Satellite Aided Search and Rescue (SASR) alerting services provided by ISRO, have attracted a large user segments in the country as well as in the neighbouring countries.  The programme is now matured to the extent that maritime and aviation sectors have attached high priority to integrate SASAR technology in their operational system as a part of their commitment to the national (DGCA, DG Shipping) and international (ICAO, IMAO) regulatory authorities. Taking into account the increasingly growing user’s needs, mandatory international regulations, vis-à-vis developments taking place in the technology and applications, ISRO/ISTRAC has taken a lot of initiatives to improve the services further.  

An Inter Agency Steering Committee (IASC) consisting of representatives of Coast Guard, Directorate General of Shipping, Airport Authority of India (AAI), all three Defence services, Department of Telecommunication (DOT) and Department Of Electronics (DOE) was set up in April 1986 with the Department of Space as the nodal agency.  Subsequent to this the system became operational in 1989 with one LUT and INMCC. Later system was augmented with Lucknow LUT and GEOLUT systems.

Another important contribution by India has been the inclusion of the 406 MHz payload onboard INSAT-2 (A and B) and INSAT-3A (currently operational), providing an instantaneous coverage over a large area (part of Europe, Asia and Australia). This geostationary component compensates for the delay in detection of the emergency signals from the beacons due to the time gap between the passes in the LEOSAR system.  The system requires no Doppler processing and provides instantaneous alerting for new generation radio beacon having GPS interface (known as Location Protocol Beacons).

GEOLUT, a ground processing system for receiving distress signals on 406 MHz band through geostationary satellites, was indigenously developed by ISRO and has been operational at ISTRAC (ISRO Telemetry Tracking and Command Network) in Bangalore.  

ISRO took Initiative to develop low cost beacon in India. Initial studies have been completed,  prototype 406 MHz beacon has been developed and is under test phase. 

INMCC provides alerting services to seven neighboring countries as per Cospas-Sarsat data distribution policy. They are Bangladesh, Bhutan, Maldives, Nepal, Srilanka, Tanzania and Seychelles. 

As a member of the Cospas-Sarsat system, ISRO participated in various Cospas-Sarsat forums as and when needed, and contributed about 35 technical papers on different topics related to operations and system development.  

INMCC also ensures smooth functioning of the system and operations by taking care of the following supports:

· Coordinates with user agencies in implementing national regulatory policies so as to meet international requirements/obligations 

· System enhancements and upgrades to meet growing user requirements, international specifications, and to keep pace with the technology growth. After commissioning of the system in 1989-90, the system was upgraded twice.

· Technical contribution to Cospas-Sarsat system for improvement of the system, operations and services

Fig 3 shows the INMCC service area and Fig 4 represents the INMCC data distribution scheme and data communication network. 
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4.
System Performance

There are numerous instances where Cospas-Sarsat alert data has been instrumental in conducting search and rescue operation and also, in a majority of these events Cospas-Sarsat has been the only system to provide alert data.  Since its inception in 1989-90, Indian MCC has supported 47 SAR events, in INMCC service area, involving rescue of 1479 people.  Fig 5A and 5B shows the number of incidents supported and number of lives saved, in Indian service area, in which INMCC detected and provided the distress information. 

As of Dec. 2004, there are 1803 radio beacons in India operating at 406 MHz and registered with INMCC (EPIRBs: 1107, ELTs: 404, PLBs: 292), and about 2000 beacons operating at 121.5 MHz. The growth of 406 MHz beacons in India is represented in Fig 6.

Globally, since the launch of the first polar-orbiting satellite in June 1982, Cospas-Sarsat has provided assistance in rescuing 17,117 persons in 4,851 SAR events worldwide (Nov. 2004). 

At the beginning of January 2004, about 341,000 beacons were in use at 406 MHz and 650,000 at 121.5 MHz world-wide. 
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5.
Future Developments

ISRO is currently working to accommodate upcoming system requirements such as upgrade of GEO, LEO and INMCC ground processing systems, inclusion of the SAR payload on INSAT-3D spacecraft (as on-orbit standby), promote use of Location Protocol Beacon with GPS interface (Instantaneous alerting with location information using Geostationary satellite), implementation of Ship Security Alarm System (SSAS), development of low cost beacons and international beacon registration database, augmentation of communication system with Internet based “FTP” and “Email” systems, develoment of MEOSAR system (SAR Instruments on GNSS (GLONAS/ GPS/ Galileo satellites) and to ensure smooth transition of  121.5/243 MHz beacons to 406 MHz beacons before 2009.

6.
Conclusion

Indian Satellite Aided Search and Rescue System (SASR) comprising of two Leoluts (Bangalore & Lucknow) and INMCC at ISTRAC Bangalore has been operational since 1989. The Geosar system using INSAT-2A became operational in Dec.1992. Currently, services are provided using INSAT-3A. The software was upgraded in March 1998, and Bangalore LEOLUT hardware in Nov. 2002.  Indian MCC at ISTRAC supported 47 SAR events in Indian service area since 1991 involving saving of 1479 lives (Dec.2004). The system operations and performance are satisfactory, meeting most of the national & international requirements. 

With the infrastructure built and the experience gained over last few years, ISRO plays an important role for supporting humanitarian SAR services through space systems. The overall system is established and operating as per national and international regulations. There is need to increase and continue user participation and periodic reviews at various levels to further improve the utilization of the services. The user awareness activities should continue to have disciplined and legitimate use of the system and services, mainly to control false alarms. More emphasis is needed to integrate all the SAR agencies and regulatory authorities to work together in an organized setup to support as complimentary to each other, implement policy regulations, develop joint operations procedures, ensure every beacon (EPIRB, ELT and PLB) is registered, make legislation for false alerting, develop computerized RCC and MRCC operations tools including GIS etc. Another important sector to be given importance is Indian fisherman community by providing them with life saving beacons at low and subsidized cost through indigenous development. In order to have smooth transition from 121.5 MHz beacons to 406 MHz beacons by 2008, user community to be sensitized and educated to switch over to new generation 406 MHz radio beacons.
FIG. 4: INDIAN MISSION CONTROL CENTRE (INMCC)
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Fig. 2: LUT - MCC  Block Schematic
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Fig. 5A  
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Fig. 3: INMCC SAR Service Area 
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