
1/25/2011 1Stephen Coppola
GPH 903 – Intro to GIS  Dr. Luna F‐2010



1/25/2011Stephen Coppola 2

Goal

Coverage evaluation of COSPAS‐SARSAT Emergency Service
•Will my emergency beacon be heard and will I be rescued?  

We will discuss:
•COSPAS‐SARSAT system
• Satellite Link Analysis
•Arc Demo
• Discussion
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COSPAS-SARSAT
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When an incident occurs:

• Distress Beacons are activated

• Satellites listen for and relay 
information to Ground Terminals

•Mission Control Centers  dispatch 
SAR services to incident location

System Overview 
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COSPAS-SARSAT
Satellites
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Orbit Altitude 
(1000 km)

Motion Operational

GEO
Geostationary Earth Orbit

36 Fixed Relative 
to Earth

5

LEO
Low Earth Orbit

0.85 (NOAA)
1  (COSPAS)

Passes along 
Poles

6

GPH 903 – Intro to GIS  Dr. Luna F‐2010



1/25/2011SJC 5

Link Analysis
•Assess the signal quality between uplink and downlink com paths.  

• Link Parameters:
• Emergency Beacons and LUT Locations
• Beacon and LUT Antenna Properties
•Satellite Orbits and Communication Specs

•Calculate Signal‐to‐Noise Metric
•CNR
•Link Margin
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Satellite Two‐Line Element Set
• Defines an initial state vector used in NORAD’s propagator (SGP4)

ISS (ZARYA)
1 25544U 98067A 08264.51782528 -.00002182 00000-0 -11606-4 0 292 7 
2 25544 51.6416 247.4627 0006703 130.5360 325.0288 15.72125391 56353 7

Celestial Orbital Elements Line Symbol

Inclination 2 i

Right Ascension
of 

Ascending Node

2 Ω

Eccentricity 2 e

Argument of Perigee 2 ω

Mean Anomaly 2 ‐

Semi‐major Axis ‐ a

ea
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Emergency Beacons
• Send to and Receive from Satellites

•Ground Transmitters and Receivers require 
•Geographic location
• Power 
•Antenna Gain
• Noise Characteristics
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Environmental Losses

Multi‐Path
Hardware

Atmospheric
Blockage
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Arc Demo
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• Satellite Tracks 
• Satellite Coverage Area
• Signal Quality Assessments

•Baseline 
•2D Flat Earth Surface
• “Clear Sky”  Conditions
•Clean Line‐of‐Sight (LOS) 
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Arc Capabilities

Calculate Satellite 
Orbits (SGP4)

and Footprints*

Gather COM
specifications

Display Satellite 
Tracks

Create Satellite 
Footprint Buffer

Create Satellite 
Distance within 

Footprint

Calculate Satellite 
Uplink CNR

* Matlab Scripts Implementations
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Arc Demo
GOES-13 @ 80o W
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Maximum Footprint Distance  Raster

0 5.19 9.53
km

Uplink CNR

10.90 54.95  dB

• Signal above Noise Floor (-154 dB)

•Satellite will hear Beacons within its 
Footprint

•GEO Satellites have similar CNR levels 
within their Footprints

WGS‐84 Datum
Robinson Projection



Arc Demo
GEOSAR Uplink CNR
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10.88 52.86  dB

GOES-13  135oW

14.58 56.56  dB

MSG-1  9oE

14.58 56.56 dB

MSG-2  0o

12.23 54.26  dB

INSAT-3A  93oE



Arc Demo
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GEO Satellite Footprints provides Global C0verage
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Arc Demo
NOAA-16 

0.15 28.66 dB

• Signal above Noise Floor (-154 dB)

•Single Pass Coverage of Poles (1-pass ~ 100 min)

•Each satellite pass covers a swath of each surface
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ArcGIS Anomaly

Arc Buffer does not 
cross over 

international date‐line  
(180o)

• Limits GOES‐11 Coverage Area
•Impacts Distance and CNR Calculations
•Solution unknown and pending investigation

• Suggestions are welcomed
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•COSPAS‐SARSAT Global Search and Rescue Service

• Link Analysis provides a quantitative assessment of system performance

• Demonstrated Satellite viewing areas and signal quality within coverage.

Obstacles
• Shown an Arc anomaly with calculating distances crossing date‐line.

Future Work could incorporate:

•DEM illustrating terrain 
•Atmospheric  and Cloud Cover Models
•Wave heights 

can be used to assess the impact of signal quality and coverage visibility.  
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Satellite Footprint
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Coverage Angle   α = sin‐1(Re/Re +Hs) cos ε Max @ ε = 0

Earth Center Angle θ = 90o ‐ α ‐ ε

Satellite Ground Track @ T  Max Footprint @ P = (Tlon + α, Tlat) 

* Re = Radius of Earth ~6378 km

Back 
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Signal‐Noise Calculations
• CNR : Carrier‐Noise Power Ratio

• EBNO:  Energy‐Bit Noise Ratio

• Link Margin

EIRP – Path Losses - Lmisc + G/T + kdB - 10logB

CNR + 10log10(BR) – 10log10(BER) 

CNR – Noise Threshold

Back

• Receiver’s Noise Power (dB)

10 Log10(kTsBr)

• Received Power (dB)

EIRP – Path Losses
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Link Parameters
Satellite Parameters

(Uplink)
GOES
Series

MSG
Series

INSAT‐3A NOAA‐16

Frequency                      (MHz) 406.05 406.05 406.05 406.05

Receiver Gain                  (dBi) 9.9 3.45 11.0 ‐4 – 6

Receiver (G/T)               (dB/K) ‐17.6 ‐21.3 ‐19.0 ‐0.011 –
1.017

Receiver Bandwidth (kHz) 80 80 80 80

Nominal Input Level    (dBm) ‐173.0 ‐176.9 ‐173.1 ‐143

System Noise Temp     (K) 359 301 300 350

Receiver Noise Floor (dBK) ‐154.02 ‐154.78 ‐154.80 ‐154.13

Source: Cospas‐Sarsat.org 

BeaconUplink 
Parameters

Frequency                    (MHz) 406.05

Power (W) 3

EIRP                                 (dB) 30

Gain                                  (dBi) ‐3.0

Bandwidth (kHz) 80

Bit Rate                           (bps) 400Back
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Frequency Bands

Letter Designation Frequency (GHz)

L 1 ‐2

S 2 ‐4

C 4 – 8

X 8 – 12

Ku 12 ‐18

K 18 ‐ 27 

Ka 27 – 40

O 40 ‐50

V 50 – 75
Source: www.radio‐electronics.com
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Bandwidth

• Defines the Frequency Range Messages are 
transmitted and/or Received

•Messages are modulated waves of radiation that 
carry encoded information.

•Modulation Schemes define how message words are 
constructed .

00 10 01 11

a -A/2 A/2 -A/2 A/2

b -A/2 -A/2 A/2 A/2
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System Overview

Source: www.cospas‐sarsat.org

Back
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COSPAS‐SARSAT
GEO System Locations

Source: www.cospas‐sarsat.org

Back
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COSPAS‐SARSAT
LEO System Locations

Source: www.cospas‐sarsat.org

Back
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