Satellite Alarm Field Evaluation (SAFE) - Field
Trials

Research and Development

Technical Report
W129

@

ENVIRONMENT AGENCY



% All pulps used in production of this paper is sourced from sustainable managed forests and are elemental
chlorine free and wood free



Satellite Alarm Field Evaluation (SAFE)- Field Trials:
Technical Report W129

KLee and-A Bathurst -

Research Contractor: -
Kennedy & Donkin Ltd -

Further copies of this report are available from: .
Environment Agency R&D Dissemination Centre, c/o -
WRe, Frankland Road, Swindon, Wilts SN5 SYF.~

tel: 01793-865000 fax: 01793-514562 e-mail: publications@wrcplec.co.uk




Publishing Organisation
Environment Agency

Rio House

Waterside Drive

Aztec West

Almondsbury

Bristol BS32 4UD

Tel: 01454 624400  Fax: 01454 624409
Publication Code AN-04/98-OK-B-BBII
© Environment Agency 1998

All rights reserved. No part of this document may be produced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording
or otherwise without the prior permission of the Environment Agency.

The views expressed in this document are not necessarily those of the Environment Agency.
Its officers, servants or agents accept no liability whatsoever for any loss or damage arising
from the interpretation or use of the information, or reliance upon views contained herein.

Dissemination Status
Internal: Released to Regions
External: Public Domain

Statement of Use
This report is provided for information, as a summary record of the project.

Research Contractor '
This document was produced under R&D Project W5A036 by:

Kennedy & Donkin
Westbrook Mills
Godalming

Surrey

GU72AZ

Tel: 01483 425900 Fax: 01483 425136

Environment Agency’s Project Manager
The Environment Agency’s Project Manager for R&D Project W5A036 was:

Malcolm Tyler - Anglian Region
Further copies of this document are available from the Foundation for Water Research.

Technical Report W129
(K&D Ref. W212a)



CONTENTS -

GLOSSARY"

ACKNOWLEDGEMENTS .

EXECUTIVE SUMMARY -

1.

5

INTRODUCTION

1.1 Purpose of Document

1.2 Background .-

1.3 Objectives of Cospas-Sarsat System Study

- COSPAS SARSAT SYSTEM OVERVIEW!

2.1  History

2.2  System Configuration

2.3  Beacons .

2.4  Future Development of the C-S system -

. DESCRIPTION OF TRIALS .

. ANADYSIS METHOD AND RESULTS

4.1  Test Output Format
42  Test 1 Data Analysis and Results

4.2.1 Delay Assessment Over Periods of 48 Hours .
4.2.2 Delay Assessment within a-Working Day
4.2.3 Assessment of Predicted Location Accuracy

43  Test 2 Data Analysis and Results-

4.3.1 Factors  Affecting Satellite Visibility Window

4.3.2 Multiple Trigger Tests -
4.3.3 Data Link Reliability

44  Assessment of Foreign LUT and Geostationary Data

4.4.1 Foreign LUT Data -
4.4.2 Geostationary Data -

IMPLEMENTATION ISSUES

6.. CONCLUSIONS

7. RECOMMENDATIONS -

REFERENCES

Technical Report W129
(K&D Ref. W212a)

i

i

pred ok e e

Uy U W LW

11
11
11

11-.
14
18
22 -
23.
24
24
25

25
25-

26



Figures

Figure 2.1: The COSPAS-SARSAT System Concept

Figure 2.2: Near Polar Orbits

Figure 2.3: COSPAS-SARAT LUT Locations (July 1997)

Figure 2.4: Worldwide 406 MHz Beacon Population

Figure 2.5: 406 MHz GEOSAR Systems

Figure 3.1: Effect of Local Topography on Satellite Visibility

Figure 4.1: Dump Data From Global Satellites

Figure 4.2: Mean Detection Times in Wales (48 Hour Analysis)

Figure 4.3: Mean Detection Times in Yorkshire (48 Hour Analysis)

Figure 4.4: Probability of Being Detected within a Certain Time Period at sites
in Wales (48 hour Analysis) 13

Figure 4.5: Probability of Being Detected within a Certain Time Period at sites
in Yorkshire (48 hour Analysis)

Figure 4.6: Mean Detection Times in Wales (Typical Working Day, 7am to 7pm)

Figure 4.7: Mean Detection Times in Yorkshire (Typical Working Day, 7am to 7pm)

Figure 4.8: Probability of Being Detected within a Certain Time Period at sites in
Wales (Typical Working Day, 7am to 7pm)

Figure 4.9: Probability of Being Detected within a Certain Time Period at sites
in Yorkshire (Typical Working Day, 7am to 7pm)

Figure 4.10: Distribution of Position Estimates around Site 5

Figure 4.11: Distribution of Position Estimates around Site 16

Figure 4.12: Search Areas for Sites in Wales

Figure 4.13: Search Areas for Sites in Yorkshire

Figure 4.14: Effective Satellite Visibility Window

Figure 4.15: Typical Test 2 Scenario

Tables

Table 2.1:  Current and Planned C-S System Payloads

Technical Report W129

(K&D Ref, W212a)

14
15
16

17

17
19
20
21
22
23
24



Appendices

APPENDIX I Details of Trials Sites

APPENDIX II Cellular Coverage at Trial:Sites -

APPENDIX TII Details of Beacon

APPENDIX IV Sample of Data Output.from LUT and MCC.

APPENDIX V- Detection Delays for 48 hour Trial Periods .

APPENDIX VI - Detection Probabilities-for 48 hours Trial Periods -

APPENDIX VII Detection Delays within Typical Working Day
(7am to 7pm) -

APPENDIX VIIT Detection Probabilities for Typical Working Day-

APPENDIX IX Actual and Predicted Satellite Schedules-

APPENDIX X Comparison of Accuracy of Position Estimate Pairs-

APPENDIX XI Location Error and:Search Area Calculations

APPENDIX XTI Mean and Actual Error Loci Results

APPENDIX X1III Multiple Trigger Results.

APPENDIX XTIV Visibility Window Narrowing .

APPENDIX XV Link Reliability Assessment

APPENDIX XVI Geostationary and Foreign Data -

Technical Report W129

(K&D Ref, W212a)

<< He

XX1I

:

LXIV

LXXVIIL:
LXXIX

LXXXT -

XCIX -

CI
Ch -

CIv



GLOSSARY

ACPO - . Association of Chief Police Officers

C-S COSPAS-SARSAT +

COSPAS ‘Cosmicheskaya Sistyema Poiska Avariynich Sudov’, Russian
meaning Space System for the Search of Vessels in Distress

DF Direction Finding

ELT Emergency Locator Transmitter

EPIRB Emergency Position-Indication Radio Beacon -

GPS~ Global Positioning System.(a constellation of 24 satellites used
for a radionavigation system developed by the US Department- -
of Defence)

Ground Segment--.. The Earth-based.part of the C-S system.--

LUT Local User Terminal -.

LWB . Lone Worker Beacon:

MCC Mission Control Centre

MHz . Megahertz -

PLB - Personal Locator Beacon

RF Radio Frequency

RCC Rescue Coordination Centre (also known as SPOC) -

SARSAT Search and Rescue Satellite-Aided Tracking -

SPOC Search and Rescue Point of Contact
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EXECUTIVE SUMMARY

The Environment Agency (Agency) has an interest in providing an increased level of emergency.
protection for its lone workers and investigations have been conducted under the Satellite Alarm'
Field Evaluation (SAFE) project.

The assessment of the COSPAS-SARSAT-(C-S) satellite system is presented in this report: . The C-S
system, operational for well over 10 years, gives continuous global coverage from six polar orbiting .
satellites that are able to detect signals from hand-held distress beacons. These satellites re-transmit
beacon signals down to ‘Local User Terminals’ (LUTs) (of which there are over 30 world-wide).
From the beacon signals, the LUTSs then obtain beacon identification and-two position estimates with -
associated probabilities (two are obtained as a result of the Doppler frequency shift:in the beacon -
signal). This information is then passed to a Mission Control Centre (MCC) who: co-ordinate search
and rescue activities. Trials of the system were conducted in October 1997, which confirmed that
beacon detection time is.highly.dependent upon the -type of terrain local to the beacon. During
typical working hours (7am to 7pm), 87% of beacons were detected: within-an hour at a flat -open
site, compared to 51% in a severe valley. All the beacons were detected.:-At only the 2 most severe
trial sites (16 were tested)-did it take over 6 hours. during typical working hours for all beacons at
those sites to be detected.

80% of position estimates were shown to be within a 1.78 kilometre (km) radius of the true location
for an open ‘site, compared to 44% at a location at the bottom of a cliff, where sky visibility was
severely restricted. - '

It-was found that more satellites detected beacons:during daylight hours, hence- detection times were
slower at night.-: This is due to-the fact that the satellites are sun-synchronous. However, it was
concluded from satellite path prediction analysis that coverage gaps of up to 4 hours around -
midnight, as'seen on the trial, are not likely to be exceeded. -

Other factors-that may effect system performance were also considered, such as satellite signal -
processing -time; propagation delay, .beacon warm-up time, decreased satellite. visibility and -low

elevation angles. However, it was concluded that ‘decreased satellite visibility .and low elevation

angles are the most prominent parameters that will decrease performance:. Trials also included the
assessment of data from an overseas LUT. It was concluded that beacon information detected by an

overseas LUT that has.not been detected by the UK LUT will be passed through-the C-S ground

segment back to the. UK, in order to speed up alert response times.-

Implementation issues that may effect the Agency are discussed in the report:. -

. registration of land-based UK beacons, in line with practice overseas, would first need to
be sought; -
. consideration should be given as to whether the Agency would-wish:to conduct its own:

search and rescue activities;

° the format of communication between the UK MCC and ithe Agency will need to be
considered.-

Use: of the system is considered low risk as international support is:considerable and - technical
developments are continuing, the imminent ones being the full-scale inclusion of geostationary
satellite data to- provide quicker beacon detections as well .as the inclusion.of more positional -
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information utilising satellites from the widely used Global Positioning System (GPS), which is
accurate to within 50 metres.

It is recommended that the use of the C-S system by the Agency is given serious consideration, as
well as conducting a pilot study within an Agency region. This will give an indication of the
organisational issues involved and should include an assessment of direction finding equipment and
frequencies of homing signals emitted by the beacons.

Key words

COSPAS, SARSAT, satellite, lone worker, locator beacon, trial, search and rescue
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1. INTRODUCTION

1.1 Purpose of Document

The following report presents-the evaluation and results from trials of the COSPAS-SARSAT (C-S) .
satellite system, undertaken in October.1997.

The report firstly discusses the background to-the project, the objectives of this study, followed by a
brief description of the C-S system. . Trials and results are then presented, followed by a discussion of
the implementation issues that are anticipated if an organisation were to use the C-S system to
provide a lone worker beacon (LWB) facility.

1.2 Background

The Environment-Agency (Agency) has an interest in providing an increased level of protection for .
lone workers, so a worker in distress can raise an alarm in order to summon help in a timely manner.
With lone workers often- working in remote areas,. the. reliability of an alarm: system in all-
geographical areas and in different terrain conditions is an essential requirement. -

The use of Personal Mobile Radio. (PMR) systems has been considered, however not all Agency
regions are covered. Cellular systems have also been considered, but as coverage is concentrated on -
areas with reasonable population densities, many rural areas lack coverage. This has been supported
by assessing cellular telephone coverage operation at sites used in the trials .presented in this report,
which showed that mobile telephones worked at-only 4 .out of 14 sites (see Appendix II)....The
Agency has therefore considered the use of a satellite based system which provides global coverage.
Initial trials of the C-S system were conducted in October 1994 (NRA, 1994) and although this gave
a useful indication-of system: performance, a need- for further investigation of the system was
identified.”

Additional research has also been conducted as part of this project into emerging satellite telephone
technology (Agency, 1998).- -

1.3~ Objectives of Cospas-Sarsat System Study

The main objective. of the study was to determine. functionality, performance and- operational
requirements- of the C-S ‘system for use by the Agency in the emergency protection of its staff -
working alone.. The following actions were identified:

@ Through field trials, assess system functionality and performance. - This included:

. verification of the conclusions from the previous trials conducted in October: 1994 -
that detection. delay is dependent upon-terrain, by deploying beacons at a larger
number of geographically varying sites;

. investigation of the.accuracy of beacon positional: information calculated by the -
system and whether positional accuracy is dependent on terrain local to the beacon;

o investigation as to whether, if a beacon is turned on whilst a satellite-is passing: -
overhead, the beacon is not detected until the next complete satellite pass and if so,
at what percentage of a satellite pass this cut-off time occurs;:
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. investigation as to whether other factors, such as beacon warm up time and
processing time, have a significant effect on detection times;

. investigation of the reliability of the data link from the beacon to the ground
segment;
. assessment of information from foreign ground segments and determination of

whether inclusion of this information gives significantly lower detection times
compared to those seen on last trial or whether the foreign terminals generally
only, provide information that has already been seen by UK ground segment;

) consideration of performance of the system, as far as possible, with the inclusion of
geostationary satellite information.

(iD) Assess the status of the C-S system and its ability to provide a long term LWB facility.
The aim was to identify main system participants, financial and technical support and
future development of the system.

(1i1) Determine the implementation issues involved if an organisation wishes to set up a land
based LWB facility within the UK. Aims included:

. identification of regulatory and legislative changes that may be required to enable
use of the system on land within England and Wales;

. operational requirements for implementation of such a system within the Agency.
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2. COSPAS SARSAT SYSTEM OVERVIEW

2.1 History

In response to a specific search and rescue case in which a United States (US) aircraft was lost, a
mandatory beacon system was initially developed in the 1970s for all US aircraft. The beacons
transmitted a homing signal (at 121.5 MHz, the international maritime distress frequency) to be
detected by search and rescue aircraft. However, after several years, limitations of this system
became apparent and a more sophisticated satellite system named SARSAT was developed as a joint
effort between the US, Canada and France. The COSPAS system was developed by the former
Soviet Union. The four nations then joined forces to form the Cospas-Sarsat system and in 1984,
the system became fully operational. The system has been developed for emergency beacons

operating on a frequency of 406 MHz, although it is also able to process the original 121.5 MHz
beacon signals.

2.2 System Configuration

KEY: ELT Emergency Locator Transmitter
PLB Personal Locator Beacon
EPIRB Emergency Position-Indication Radio Beacons
SAR Search and Rescue '
LUT Local User Terminal
MCC Mission Control Centre
RCC Rescue Co-ordination Centre

Figure 2.1: The COSPAS-SARSAT System Concept

The purpose of the C-S system is to collect and process alert signals sent from beacon users in
distress and inform appropriate organisations of the alert so that rescues can be instigated as quickly
as possible. The system operates 24 hours a day, seven days a week.

Six satellites form the space segment of the C-S system: Cospas-4 (C4), C6, Sarsat-2 (S2), S3, S4
and S6. All of the satellites travel in ‘near polar’ orbits and each satellite orbits the Earth in about
100 minutes, with any single spot on the Earth’s surface remaining in view of a satellite for about 15
minutes. Each satellite has a footprint on the Earth’s surface which is over 4000 kilometres (km)
wide. Figure 2.2 shows two typical satellites orbiting in near polar orbits.
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Figure 2.2; Near Polar Orbits

An activated beacon transmits a signal consisting of a burst of information, a few milliseconds (ms)
long, which is retransmitted approximately every minute. Each burst of information contains a
unique identity code for the beacon. The signal is detected by any passing satellite that ‘views’ the
beacon in its footprint. After the satellite has added frequency and time data to the signal, it is
transmitted back down to earth, to be processed by any Local User Terminal (LUT) that is within the
satellite footprint at that time. Some of the satellites also have a memory buffer, which can hold
several thousand bursts of data received from a number of beacons. These satellites continue
transmitting data in their memories to Earth throughout their orbits. These satellites are said to
operate in ‘global mode’ and enable beacon data from one area of the world to be detected by
several LUTSs throughout the world. Figure 2.3 shows the locations of C-S LUTs.

an
[ Toulouse |
i~ 0%\ Ba

L

Figure 2.3: Cospas-Sarsat LUT Locations (July 1997)

Once the satellite has passed out of view of the LUT, the resulting alert message processed by the
LUT is sent to the local Mission Control Centre (MCC), typically 1-2 minutes after the end of the
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satellite. pass.  There are approximately 19 MCCs in the C-S MCC network; the majority. of
countries with a LUT also have an MCC: -

The message transmitted to the:MCC includes the identity-of the beacon,-as well as two positional -
estimates, each- with-an associated . probability.. The" positional estimates and probabilities are
calculated using “Doppler frequency. shifi’:information, - the apparent change in-frequency as a
receiver moves with respect to a travelling-frequency wave; for example,-the apparent change in-
pitch of a fire engine siren as it approaches. Although two positional estimates are obtained, one has
a much higher probability of being right, the other one often being tens of thousands of kilometres in
error. In many cases, wrong positional estimates can also be dismissed, either by a telephone call:-
from the MCC to the organisation with whom the beacon is registered, or if the estimate is in-the sea.
and the beacon a land-based type.

Before acting upon the information, the MCC will firstly assess whether the beacon is registered .
locally or with-another MCC. Ifit is registered with another MCC, the beacon information is passed.
on to that MCC.- Otherwise, the MCC will then contact an appropriate local Search and Rescue

Point-of Contact (SPOC). In the UK, the LUT is located- at Lasham,-the MCC at Kinloss and the

SPOC for marine beacons is the local Coastguard. -

2.3 . Beacons

Three types of emergency beacon are used in the C-S system:  Emergency Locator Transmitters-
(ELTs) for aircraft, Emergency Position-Indication Radio- Beacons (EPIRBs) for:marine use and
Personal Locator Beacons (PLBs). The latter:type are for land use and -were the type used in the-
trials described in this report.

Although all three types of beacons are used worldwide; land-based PLBs are not currently licensed
for use in the UK, although they are registered in other countries:such as Russia and Canada. - There -
are also a number of organisations withini the UK that are interested the use of PLBs for lone worker .
safety purposes. -

2.4 Future Development of the C-S system -

In July 1984, the ‘International- Cospas-Sarsat Programme. Agreement” was signed by all system

participants.. The agreement has ensured long term continuity -of the system, both financially and.
technically, as well as allowing the opportunity for other states to'join on a non-discriminatory: basis -
and has guaranteed the system.to be free of charge to the end user (apart from the initial cost of - -
beacons). There are now well over-135,000 406 MHz and 590,000 121.5 MHz beacons registered
worldwide.: Figure 2.4 indicates the increase in 406 MHz beacon usage that has been seen since -
1991..
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Figure 2.4: Worldwide 406 MHz Beacon Population

System ground segment participation has also continued to grow and there are now 29 nattons
participating. In July 1997, 19 MCCs in 19 countries and 38 LUTSs in 21 countries were operational,
with a further 3 MCCs under test. All ground segment providers are supported by government
agencies.

Table 2.1 lists current and planned system payloads (C-S WWW) The C-S system has also begun the
demonstration and evaluation of incorporation of ‘geostationary’ satellites (satellites which remain
fixed above a single point above the Earth’s surface). Canada, France, India; Russia, Spain and the
UK are all involved in this phase and data gathered by their geostationary ground stations
(GEOLUTS) is being actively used to assist in alerts and being distributed using the MCC network.-
Figure 2.5 shows the locations of the geostationary satellites and their footprints and the GEOLUTs
that are participating in the demonstration and evaluation.

Technical Report W129 - Page 6 -
(K&D Ref, W212a)



ag=dl i § | L B | ] L ] [ ] [ ] [ ] ] 1 1 | ] | 1 80
T - ——
» = L ~
I & ~ R
L A o
- 1Y - -
ton,_Canada Lasham, Lk
§ ';
= @® ] Maspalomas,_Spain =
“ B : : ¢

Bangalare, India)

TN ' g\\ el | 1

3= pmcs
Sanlaga, _Chils I
a
&0 - b0
a0 8a
GOES-8 GOES-8 INSAT-2A INSAT-28B
{135 W) (75 W) (74 E) (935 E)

Figure 2.5. 406 MHz GEOSAR Systems (Satellite Coverage and GEOLUTS)

Although geostationary satellites are not able to provide positional information as they do not move
with respect to Earth, they are advantageous in the fact that they are at higher altitudes: beacons,
particularly nearer the centre of geostationary footprints, will ‘see’ the satellites higher in the sky.
Signals are therefore less likely to be obstructed by local terrain and can be processed more
efficiently. Beacon identities can therefore in general be detected more quickly by geostationary
satellites.

In addition to this, EPIRBs are currently being developed that incorporate °‘Global Positioning
System’ (GPS) receivers. However, because the beacon protocol used in the C-S system has
reserved space for additional positional encoding information, the GPS facility remains an option for
all types of users.

The incorporation of GPS and geostationary satellites into the existing system will serve to further
reduce alert times and increase positional accuracy, thereby increasing system performance.
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Table 2.1: Current and Planned C-S System Payloads

C-S Payload . Spacecraft: . Launch Date- Status -

C4 Nadezda-1 July 1989 In operation
Cé6 Nadezda-3 March 1991 In operation
C8 Nadezda-5 " Projected 1998 Ready for launch -
S2 NOAA-9 December 1984 In operation
S3 NOAA-10 September 1986 In operation .
S4 NOAA-11 September 1988 In operation
S6 NOAA-14 - December 1994 In operation
S7 NOAA-K Projected 1998 - Ready for launch:
S8 NOAAL- Projected 1998 - End of'test phase
S9 NOAA-M- To be determined
S10 NOAA-N - To be determined -
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3. DESCRIPTION OF TRIALS

Four land-based PLBs (see Appendix III for technical details) were obtained for the C-S trials. Each
beacon was test coded and homer frequencies (a separate signal that is transmitted by the beacon to
assist in search and rescue) were turned off. The unique beacon identity code for each beacon was
supplied to the British LUT, based in Lasham, who agreed to collect all test beacon data from the
satellite passes that they tracked (a single LUT is unable to track all satellite passes; a timetable is
therefore used to co-ordinate tracking between the LUTs). Lasham was also able to collect samples
of overseas LUT and geostationary satellite data. The UK MCC (based at Plymouth at the time of
the trials, now relocated to Kinloss) was also consulted before trials commenced, although close
liaison with the MCC was achieved and details of trials dates were supplied to them, the MCC was
not directly involved in the trials as search and rescue teams were not used.

Two weeks of trials were conducted. As a main objective of this trial was to assess the affect of
local terrain on C-S system performance, a number of sites were selected that demonstrated varying
local topography. For example, a beacon situated in flat open location is able to view a satellite
closer to the horizon and for a longer period than a beacon placed in a valley or at the bottom of a
cliff. Figure 3.1 demonstrates this.

PASSING SATELLITE

VALLEY
VISIBILITY
WINDOW

CLIFF
VISIBILITY

WINDOW
FLAT OPEN SITE

Figure 3.1: Effect of Local Topography on Satellite Visibility.

Eight suitable sites were identified in Wales and a further eight in Yorkshire. A list of sites and a
description of local terrain can be found in Appendix L.

The trials were divided into two sets of test:

® test 1, “48 Hour Tests’: Individual beacons were activated at each site and left transmitting
continuously for 48 hours. The purpose of test 1 was to:

. assess the delay that would be seen in different terrain conditions, if a beacon
were activated at any time of the day, until an alert message would be output to
an MCC;

o assess the effects of terrain on the accuracy of position estimates predicted by
the system.

ii) test 2, ‘Multiple Trigger Tests’. All four beacons were activated at a particular site at
varying percentages of a satellite pass (predictions of satellite pass times were gained from

Lasham beforehand) to:
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. assess the performance. of the system if'a beacon is activated during a satellite -
pass;

. to assess the reliability of data throughput and identify any gaps where detection:
of the beacon did not-occur when expected.
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4. ANALYSIS METHOD AND RESULTS
4.1 Data Qutput Format

An example of the information that was obtained from Lasham LUT during the trials and which
would also be supplied by an MCC to a SPOC is contained in Appendix IV.

4.2 Test 1 Data Analysis and Results

4.2.1 Delay Assessment over Periods of 48 Hours

In order to make an assessment of what the delay would be in summoning search and rescue
assistance if a beacon were activated at any time during the day, data collected for each beacon over
a 48 hour period was assessed in five minute intervals. (Five minutes was considered to give an
acceptable time resolution of 0.2%. Increased resolution would have resulted in an impractical
amount of data.) For each five minute point throughout the 48 hour period, the time until the next
satellite pass which detected the beacon was calculated and added to the duration of that satellite
pass (almost immediately after which an alert would be raised) to give the delay that would be
experienced between activation of a beacon and an alert message being sent to an MCC.

As some satellites (known as “‘global’ satellites) store the last few thousand data bursts that they
have received (see section 2.2), they continuously transmit their stored data back down to Earth as
they travel throughout their orbits. During some satellite passes over Lasham, therefore, data
transmitted down to Lasham was that stored on board the satellite from its previous passes and
Lasham is likely to have processed it before. This data is known as ‘dump’ data and is identified as
such in the data output from Lasham. For the purposes of analysis, it was necessary to ignore
beacon details from dump data (unless it had not been received by Lasham beforehand), as it would
give a false impression of how long a beacon would have to wait before it is detected for the first
time. For example, figure 4.1 shows that including dump data received at 3.30 pm would indicate
that the beacon turned on at 3 pm would be detected after 30 minutes, although it was actually
detected after 60 minutes. The 3.30 pm data in this case would therefore be omitted from the
analysis. ‘

Global satellite
detects beacon Global satellite
transmits memory of 1 pm detection
Beacon Same beacon New satellite detects 3 pm
turned on turned on again beacon
\L \If JL > Time

1pm 1.30 pm 3 pm 3.30 pm 4 pm

Figure 4.1 Dump Data From Global Satellites

Appendix V contains graphs that show individual detection delays seen throughout of the day at all
sites in Wales and Yorkshire. These are saw tooth shaped, as expected, as it is reasonable to assume
that delay will decrease linearly until the next satellite pass, after which delay reaches its maximum
for the following gap between passes.
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Figures 4.2 and 4.3 were generated from the graphs in Appendix 5 and they show the mean
(average) detection times calculated for sites in Wales and Yorkshire respectively. -

Detection Time (Hours) -

01:30
01:15
01:00
00:45
00:30

00:15

00:00
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Figure 4.2: Mean Detection Times in Wales (48 Hour Analysis) .

Detection Time (Hours)

07:00
06:00
05:00 -
04:00
03:00
02:00 A

01:00 A

Site 10 Site 11 Site 12 Site 13 Site 14 Site 15 Site 16

Figure 4.3: Mean Detection Times in Yorkshire (48 Hour Analysis)

Details of local terrain at the sites listed on the figures can be found in Appendix I. ‘It can be seen

that, at all but 2 of the sites in Wales, the mean detection time is under an hour. In Yorkshire, sites

15 (Littlebeck), which was a deep wooded valley and 16 (Staithes Lifeboat Station), which was -
shielded by.a cliff on one side and a house on the other, both experienced higher than average delays.

However, this was to be expected as the severe local terrain causes multiple reflections of beacon

radio signals, a well known phenomenon which produces interference, often rendering the link to the

satellite less reliable than in a clear open site, such as site 5, an airport on the West coast of north.
Wales. It must be noted, however, that the beacon at site 16 had an extremely restricted view of the

sky and although workers would not be permitted to work alone under such conditions, the site was

selected in order to test the C-S system in extreme circumstances. Nevertheless, performance was

Technical Report W129 Page 12"

(K&D Doc W212b)



far better than had been expected, as it was thought initially that detection may not have been
possible at this location.

In order to give an indication of how long, in the majority of cases, a worker in distress would have
to wait before a search and rescue team is alerted, depending upon the type of terrain he/she is in,
cumulative probability graphs (graphs which show the probability of having to wait up to a certain
time period) were generated from the results in Appendix V for each site. These are presented in
figures 4.4 and 4.5 for Wales and Yorkshire respectively.
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Figure 4.4. Probability of Being Detected within a Certain Time Period at sites in
Wales (48 hour Analysis)
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Figure 4.5: Probability of Being Detected within a Certain Time Period at sites in
Yorkshire (48 hour Analysis)

It can be seen from figure 4.4 that there is an 82% probability of being detected within an hour at
wide open site 5, compared to a 54% probability of being detected within an hour in the severe
valley at site 1. However, both sites show that there is a 100% probability of being detected within 4
hours and detection is certain within 5 hours at all sites in Wales. Similar trends were demonstrated
in Yorkshire, as probability of detection within a certain time period was less at sites with reduced
satellite visibility windows (see Figure 2). Appendix VI presents a summary table of detection

probabilities seen at all sites for various waiting periods.

Results also showed that vegetation local to the beacon, such as dense woodland, has a negative
effect on system performance, although this is not severe and 100% detection times are largely
unaffected.

It is also interesting to note that, at site 1, the Pass of Aberglaslyn, which is a severe wooded valley,
results are similar to those conducted in a location close to this in the previous trials conducted in
1994 (NRA, 1994). In 1994, it was shown that 80% of alarms raised at the location were detected
within approximately 2.5 hours, compared to these trials which showed 80% were detected in 2
hours.

4.2.2 Delay Assessment within a Working Day

An unexpected anomaly that became apparent from the results presented in Appendix V was that, in
several cases, regardless of local terrain, detection times increased at and around midnight. Gaps of
up to 4 hours were seen. After careful assessment of system functionality, it was decided that these
discrepancies around the midnight hours were likely to be due to the fact that some of the satellites
are used as weather satellites and they are therefore sun-synchronous. Previous thoughts were that
midnight gaps could be due to the fact that Lasham was not programmed to track certain satellites,
as other foreign LUTs were doing so, which would account for an apparent gap in
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coverage. However, if this was the case, a certain amount of ‘dump’ data for these midnight hours
from global mode satellites would have been expected and this was not the case.

The concern over the midnight gaps resulted in two further avenues of investigation:

D)

it was considered beneficial to verify that the midnight gaps would not rotate to other
parts of the day as satellite orbital cycles progressed, as this could have an effect on
system performance during the most common working hours. A reasonable level of
confidence was gained from the fact that there was a week’s gap between the trials
conducted in Wales and Yorkshire and rotation of the coverage gap was not apparent in
either set of trials. However, a satellite prediction programme was also used to predict
orbital paths during and up to two years following the trials. Predictions are shown in
Appendix X; they confirm that the lack of detection around midnight seen on the trials was
indeed due to the lack of satellite coverage. However, they also show that good coverage
appears to be maintained during daylight hours and in particular, typical working hours.
However, although coverage density of satellites is shown to be reduced, a waiting time of
greater than 4 hours during the night does not seem likely. Also included in Appendix X
are two graphs showing the satellite coverage patterns seen during the two weeks of trials.
Comparison of these graphs against predictions for the same period verifies the
predictions, as well as indicating which satellite passes were not being tracked by Lasham
LUT,

the analysis described in section 4.2.1 was conducted for a typical working day (taken to
be 7 am to 7 pm), to provide a more accurate representation of the probability of being
detected during working hours. Figures 4.6 and 4.7 show mean detection times
experienced within the working day for sites in Wales and Yorkshire respectively.

Detection
Time (hh:mm)

01:00

00:45

00:30

00:15

Site 1 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Figure 4.6: Mean Detection Times in Wales (Typical Working Day, 7am to 7pm)
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Figure 4.7: Mean Detection Times in Yorkshire (Typical Working Day, 7am to 7pm) -

It can be seen that, for sites in Wales, mean detection times are well under an hour and for most
cases, less than 45 minutes. Again, detection is on average quicker at the open sites, such as the
airfield at site 5, compared to the severe wooded valley at site 1.

Figures 4.8 and 4.9 show the probability of having to wait for a certain time period before being-
detected within a typical working day at each site. If these are compared to figures 4.4 and 4.5
respectively, it can be seen that the plots have shified to the left. This shows that it is more likely
that an activated beacon will be detected within a shorter time period during the working.day. For
exariple, during the working day, 87% of beacons were detected within an hour at open site 5
(compared to 82% for the 48 hour analysis) and 64% of beacons were detected withiri an hour at the:
severe valley at site 2 (compared to 54% for the 48 hour analysis). In all but the 3 most severe sites,
it was predicted that all beacon alerts at any time during the typical working day would be detected
within 4 hours, with the majority being detected within 3 hours.
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Figure 4.8 Probability of Being Detected within a Certain Time Period at sites in
Wales (Typical Working Day, 7am to 7pm)
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Figure 4.9: Probability of Being Detected within a Certain Time Period at sites in Yorkshire
(Typical Working Day, 7am to 7pm)

The analysis presented above that considers typical working hours only gives a better impression of
the system performance that most lone workers would expect to see. It is comforting to note that,
throughout all of the 48 hour periods in which beacons were activated, all beacon alerts will be

detected at some time, regardless of beacon location, with 85% of all alerts (see Appendix VI)
predicted to be detected within 3 hours.
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4.2.3 Assessment of Predicted Location Accuracy

At each site a GPS handheld receiver was used to obtain position estimates, accurate -to within 50 -
metres, at each site in the trial. This information was then compared to the location estimates
predicted by the C-S system.for beacons activated at each site, in order that the accuracy of C-S-
location predictions could be assessed.

It was found through data analysis that at least three bursts of information from a beacon need to be
received by a LUT from a-satellite in-order that location estimates can be calculated. If less than this
are received a ‘detection.only’ solution is produced by.the LUT, from which beacon identification- -

can be determined. - Although only a small number-of satellite passes were unable to produce location -
estimates, beacon identification information alone will undoubtedly be useful, as MCCs will be able -
to telephone organisations with whom the beacon is registered.. It is likely that organisations will
know approximate whereabouts .of their staff and SAR teams can be mobilised -whilst further.

positional information is gained from other satellite passes.

As discussed in section 2.2, beacon information processed from- each satellite pass will result:in 2
location: estimates (given at least 3 data bursts were received), each with an associated probability.
However, our analysis showed the -wrong estimate to be -thousands- of ‘kilometres. in error -
(demonstrated in-Appendix XI) ‘and it is therefore very likely that an organisation will be able to
confirm which estimate is right. Furthermore, probabilities. in the vast majority of casesclearly
indicated which estimate was correct. Only in approximately 1 in 25 cases did the system assign the -
higher probability to the wrong location, in which case the wrong location could usually be dismissed
due to its high inaccuracy.

In orderto give an example of the accuracy of position estimates given by the C-S system,the -
correct of the two position estimates predicted from each satellite pass: was used, -for reasons-.
explained above, and plotted on maps for sites 5 and 16. Site 5 is an open site with good visibility.of -
the- satellite-and the:latter is a contrasting site with poor visibility of the satellite, as the beacon-was
located at the foot of a cliff. .. This shows the distribution .of location estimates around the true
location. - These plots are:shown in Figures 4.10-and 4.11.
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Figure 4.10: Distribution of Position Estimates around Site 5

Extract from Ordnance Survey Landranger Map Number 115
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Figure 4.11: Distribution of Position Estimates around Site 16
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It can be seen that 80% of the estimates at site 5 were within a 10 square kilometre (sq km) locus
(circle) of the true location (a maximum distance of 1.78 km away), with 22% within 1 sq km,
compared to 44% of estimates being with 10 sq km of site 16 and 33% with 1 sq km. This shows
that a higher majority of position estimates will have increased accuracy at sites with better visibility
of the satellites.

Position estimates allow a search and rescue team to search outwards from the predicted location in
a locus until the distressed worker is found. For this reason, search areas were predicted for each
site. Appendix XI contains the calculation used to gain search area values. Search areas are shown
on figures 4.12 and 4.13 for sites in Wales and Yorkshire respectively. Percentage values are
grouped into logarithmic ranges, as this clearly indicates that only a small number of predicted

locations are very inaccurate, with the majority of predictions requiring search areas of under 10 sq
km.
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Figure 4.12; Search Areas for Sites in Wales
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Figure 4.13: Search Areas for Sites in Yorkshire

It was also noted that the greater the number of beacon bursts received by a satellite and processed
by the LUT, the greater the accuracy of position estimates. This implies that at sites where radio
frequency (RF) communications are made more difficult by local terrain, for example in a severe
valley, poorer location estimates will result. This was supported by the results, which showed that,
at sites where higher numbers of beacon bursts were received per satellite pass, more accurate
location estimates were obtained.

Appendix XII contains mean search areas calculated per site, as well as search areas calculated for
results from individual satellite passes over each site. It should be noted that figures 4.12 and 4.13
give a truer impression of system performance than mean search areas. Mean search areas are
unfavourably weighted by maverick values.

4.3 Test 2 Data Analysis and Results

The analysis of Test 1 data represents the case where beacons are activated between satellite passes,
as the test beacons were already activated when the satellite passes started. To investigate whether
the results also hold true if the emergency occurs during a pass, the “Test 2’ trials were conducted.

Test 2 involved:

° determining the durations of any gaps at either end of the satellite pass in which the
satellite is unable to detect the beacon and consider factors which may cause this. Assess
whether satellite window narrowing has a noticeable effect on overall system performance.

° conducting ‘Multiple Trigger’ tests, in which beacons were activated at varying
percentages of the pass, to determine whether there was a satellite window ‘cut-off” point,

after which the system would be unable to process signals transmitted up to the satellite
and no location predictions are possible.
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. assessing the reliability- of the data links and whether there were any gaps.during the pass
where beacon bursts were not processed. - -

4.3.1 - Factors Affecting Satellite Visibility Window

The information collected from Lasham included the times-at which .individual beacon bursts were .
received by the C-S system. - By comparing .the times of the first and last bursts received from a
particular. beacon within.a satellite pass (Time First' Seen, TFS and Time Last Seen, TLS)) to the-
Acquisition of Signal (AOS) (the-time at which Lasham first received the satellite signal.at the start'
of a satellite pass overhead) and Loss of Signal -(LOS) (the time- at which Lasham last received the -
satellite signal at the end of a satellite pass overhead) respectively, it was possible to assess whether
there were gaps at either side of the satellite pass where the system was unable to process beacon
information. This concept is demonstrated in figure 4.14.

PASSING SATELLITE

& T WINDOW NARROWING -
END OF PASS -

WINDOW NARROWING . %&
START OF PASS

\ %. . ,
LUT-‘U BEACON -

EARTH

Figure-4.14: - Effective Satellite Visibility Window

Results are presented in Appendix XV. It was found that there was often a period of 3 or 4 minutes -
at either end of satellite passes where bursts were not received, resulting in an effective narrowing of .
the useful satellite window pass. This is likely to be due to three main factors:

i) terrain local to the beacon will have an effect because if the satellite: visibility window by
the beacon is narrower (see figure 3.1), less data bursts will be received;

i) - satellite elevation angles will have an effect on satellite-visibility. For example, if a satellite -
pass is low in the sky, clutter and terrain on the Earth’s surface is more likely to disrupt
the RF signal, causing a reduction in link performance;

1) it was assumed that the proximity of the beacon to Lasham LUT is very close compared to
the distance of the satellite: Therefore, it was assumed that, when Lasham is in a satellite
footprint; so is the beacon. -In practice, however, there may be a delay of a few minutes as
the edge of the footprint moves over the Earth’s surface. -

Beacon warm-up time will cause a slight delay at the beginning of a pass, although this will-be: -
negligible, a matter of seconds. at normal operating temperatures.. Likewise, propagation delay will
cause a negligible delay of a few milliseconds at both ends of the pass. Other factors that-are thought -
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to have a slightly bigger impact on satellite pass window narrowing are an average delay of 25
seconds until the next beacon burst is transmitted (bursts are transmitted every 50 seconds) and
processing delay on board the satellite, although it is not possible to quantify the latter without a
knowledge of satellite processing capabilities.

Having assessed these factors, it was concluded that only satellite visibility (caused by local terrain
and satellite elevation angle) will have a significant effect on system performance and this effect has
been quantified in Test 1.

4.3.2 Multiple Trigger Tests

Figure 4.15 indicates a typical test scenario, in which beacons were deployed at the same location
and turned on at varying percentages of a satellite pass. In order to determine when individual
beacons should be activated, it was necessary to obtain pass time predictions from Lasham prior to
these tests, in the form of Acquisition of Signal (AOS) and Loss of Signal (LOS).

PASSING SATELLITE

TFS 0% 60% TLS

5%\ / 95%

%
i WINDOW NARROWING
4 END OF PASS

WINDOW NARROQWING
START OF PASS

TR,
LUT u BEACON

EARTH

Figure 4.15: Typical Test 2 Scenario

Results can be found in Appendix IV, which showed that if a beacon is switched on later than 90%
of the pass, the beacon will either not be detected by the system or ‘detect only’ solutions are
produced, in which beacon identity but no positional information can be obtained.

Having conducted this analysis, it was concluded that, as the cut-off point is late in the pass, it will
not have a significantly adverse effect on overall system performance. Therefore, test 1 data
- represented cases where beacons were activated during, as well as in between satellite passes.

4.3.3 Data Link Reliability

In order to assess the reliability of the RF links to and from the satellites, the number of data bursts
were counted between TFS and TLS to determine if any gaps in the transmitted information were
apparent. Appendix XVI contains the results of this analysis, which was conducted on data from
sites 5 (a wide open site) and 9 (a U-shaped bowl). At site 9, the differences between the number of
bursts predicted and the number received was either 0, 1 or 2 and the majority of bursts emitted by
the beacon were detected by the system. Site 5 produced similar results, although several passes by
C6 missed a greater number of bursts.
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It can be concluded that on average link reliability is-good and-differences in numbers of bursts
received from the numbers expected can be put down to satellite visibility. In:particular, the poor
performance of C6 at site 5 was probably- due to the fact that the elevation angle of this satellite over
the horizon was reasonably low, thereby reducing the reliability of the link to this satellite.-

4.4 Assessment of Foreign LUT and Geostationary Data
4.4.1 Foreign LUT Data

A ‘sample of overseas data was obtained from Spain which is provided in Appendix XVI. ' As
discussed in section 2.2, LUTs co-ordinate their satellite tracking schedules in-order that no satellite.
goes untracked -while others:are- tracked by more than one LUT. As three of:the C-S satellites
operate in global mode, beacon information that.-was received by them and then received by the
Spanish LUT was later received as dump.data by Lasham. As it was possible to identify dump data
and establish the time when the beacon was first seen by the global satellites, the inclusion of Spanish -
global mode data would not have made a change to the results that we have processed from Lasham.: .
However, in some cases where beacon information was received by satellites with no storage on. -

board and was seen by the Spanish LUT prior:to-the British one; a decrease in response times for. |
those beacons would be expected. - This is due to the fact that the Spanish LUT would send its alert- -
data to its-local MCC immediately after the end of the pass. It is therefore likely-that the British--
MCC would receive this information and initiate search-and rescue activities before another satellite.-

detects signals from the same beacon.

4.4.2  Geostationary Data

A small amount of geostationary data was obtained from the Spanish LUT via Lasham from 5 to 7
October 1997. During. this time, 2 test beacons were activated at site 5 and in both cases, the -
geostationary satellite detected the beacons immediately and viewed them up until the point that they
were turned off. : As discussed in section 2.4, geostationary satellites are unable to provide positional- -
information, as they remain in a fixed position in the sky and therefore are unable to collect Doppler. ..
frequency shift information: - However, although the sample of -data obtained is small,- the test -
demonstrates the potential of the larger scale inclusion-of geostationary satellites into.the C-S
system. -If elevation angles are sufficient and visibility-is good, geostationary satellites will be able to-
detect activated beacons almost immediately.- These results are particularly encouraging as it can be -
seen from figure 2.4 that Spain collects data from GOES-8, the geostationary satellite located above
Peru. The UK is on the edge of its footprint, which is where communications to the satellite is more-
likely to be subject to interference from the Earth’s terrain and the elevation angle seen by the UK is
only- about 1.5°. It can therefore be concluded that-the full-scale integration of geostationary data
into:the C-S system is likely to result in a decrease in.beacon detection times by the system and
therefore a decrease in the time it will take to provide search and rescue assistance to personnel in .
distress. .
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5. IMPLEMENTATION ISSUES

There are a number of issues that the Agency will rieed to consider, should it -wish to utilise the C-S
system to provide a lone worker beacon facility. These include: -

J registration of land based beacons within the UK; °

. beacon procurement;

o co-ordination and responsibility for search and rescue activities for the Agency;
. alert reporting mechanism and system from the C-S system to the Agency.

. training of lone workers and other organisational issues within the ' Agency;

At present,unlike ELTs and EPIRBs, PLBs are not registered for use in the UK, although they are in -

a number of other countries throughout the world. The approval of land based beacons will be the

PSS S Leldus AT

first major step to utilising the C-S system. In particular, the-use of land based beacons in the UK
will reqnlrp th Suppgrt of the Association of Chief Police Officers (A("Dn\ who are concerned that

1 v it Aa L3S AT e VY iies

if the use of PLBs is not properly regulated, a large number of untrained users may activate thém for -

minor instances that do not I‘Df‘lLﬂ‘n immediate search and rescue responses. Hovx]ex]er, prgblemq»nf‘ -
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this nature have not been reported abroad and.considerable success has been seen. .. In addition, -a
number of UK organisations have expressed an interest in using PLBs with the C-S system. A co-
ordinated effort with the support of the UK Search and Rescue Committee (UKSAR) wﬂl ‘be needed.
to bring about the approval required. - Close liaison with UKSAR needs to be achieved should the:
Agency wish to pursue the path of C-S system usage for emergency protection of its lone workers. .

Once land registration:is achieved, purchase of a number of beacons from a registered supplier-- :
whose beacons are a annrnvnﬂ hv the C-8 gvstem (COSPAS- QADQA’T' 1QQ'7\ wounld be necessary.

WI0se peacons SA LA N P VO

is essential thatbeacons:are»type approved to ensure compatlblhty-,of the 406,MHz beacon s1gnals
with the system. The responsibility for type approval lies with individual State. A list of approved

Vil LiAC O ~ida. i oLy VYilil 122

supphers can be gained from (COSPAS-SARSAT, WWW). Beacon costs vary with supplier, but at
the time of writing, they are estimated 1o be £600 each. However, the Agency was able to purchase

test‘beacons at a considerable discount (£400) and it is likely that. similar or larger discounts may be
possible if the Agency decide to utilise beacons on a larger scale. .

All' UK beacons-must be registered with the UK ground segment. It is an essential requirement that
any organisation using the C-§ system should provide the MCC with full identification details of all
its beacons as well as providing contact numbers and addresses to be used in the event of an alert.
At this stace it is thoucht that should the Acency wish to use the C-S system, the Acre‘wy may well

LAy Lo uu v i tae AL iilbu, LSpiavy LAY SRy

choose to be responsible for the co-ordination of its own:search and rescue -activities. In this case, it
will be necessary to instruct the MCC to bypass its normal SPOCs and provide full alert data directly -
to an Agency point of contact.

If the Agency were to co-ordinate its own search and rescue activities, consideration should be given
to the use of the homer frequency transmitted by the beacons. The Agency may wish to use its own
frequency, in which case licenses would be required. Purchase of direction finding (DF) equipment
would also be necessary. This:would use the homer frequency of the beacon to assist in the search
for the activated beacon. It is therefore recommended that, prior to any moves to use the C-S
system, further consideration to homer frequencies and the use and study of DF equipment should be
given.
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The format of the link between the UK MCC will need to be considered, along with the Agency’s
operational requirements. For example, a direct data link could be used that would provide all alert
data, similar to that presented in Appendix IV, directly from the MCC to the Agency’s own SPOC.

Finally, it is considered that the risk to the Agency of pursuing the C-S avenue is low. As discussed
in section 2.4, the system is well supported and its healthy survival and continual improvement for
many years to come is certain. The financial costs to the Agency would include the training of its
staff in beacon usage, purchase of beacons, the initial set-up of organisational procedure within the
Agency and the co-ordination of its own search and rescue activities.
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6. CONCLUSIONS

The trials :conducted in October 1997 and the assessment of the C-S system:have enabled. a firm
appreciation of the system’s performance. and functionality to be obtained, as' well as providing a
good insight. into - the "operational requirements. should. the Agency decide to. use the system-to
provide emergency protection for its lone workers in distress.

Results have supported previous findings of the:initial C-S trials conducted in 1994 that the time the

system took to detect an activated beacon was very dependent upon the type of terrain local to the-
beacon. It was found that the ‘average time.for an activated beacon signal to be detected during :.
typical working hours (7am to 7pm) was under an hour at all but 2 sites in Yorkshire; with the most.
impressive response times being seen at an airfield (site 5), where there was an 87% probability. of

being detected within an hour:-- At site 16, which was at the bottom of a cliff face, the narrow pass -
window reduces the probability of detection to 72% after-a 120 minute period.: However, it should. -
be noted that, under the Agency’s current practice, single man working would not be permitted in -
such an area and the site was chosen in order to test the operation of the C-S system in extreme:
conditions. Furthermore, it was expected that the system would fail to detect beacons in such-
conditions, however, this was not the case. All beacons were detected. -

It was noted from the analysis that, for the majority of sites on most days, there is a decrease in-
detection performance in the few hours around midnight. -Detection times of 4 hours were not-
uncommon around this time. This is due to the fact that some of the C-S satellites are used as-

weather satellites and are therefore sun-synchronous.: This was supported by predictions performed

using a software programme, which showed increased satellite coverage during -daylight: hours.-
However, it was encouraging to note:that the coverage density during daylight hours is: predicted to

remain adequate to maintain the system performance seen on our trials. Although coverage gaps of -
a few hours were seen, it is thought-that it would be unlikely to have a significant effect on-an
organisation using the system whose staff operate in typical working hours.

Additional analysis found that effective satellite visibility. windows in which the satellite is able to

receive data from beacons can be narrower than the satellite visibility seen by the LUT. This-is due-
to terrain local to the beacon and satellite elevation angles. Delays due to beacon warm up times (at’
normal - operating -temperatures) and -signal -processing on board the satellite are' thought ‘to be
negligible.

An assessment of accuracy of the‘location estimates obtained in the trial was undertaken. It was
found that location accuracy increased with increased satellite visibility as.a greater amount of -
information bursts from the beacon were:received and processed by the C-S system. . At an airfield

site with good visibility, it was found that 80% of position.estimates lie. within 1.78 km of the true -
location, compared to 44% at a site by the side of a cliff, where the visibility-window was severely
restricted. In addition to this, it was noted that positional accuracy increases as more beacon bursts
are received. Therefore, as a search.and rescue team is being mobilised, it will be possible to
continually update the information passed to-the rescue team, thereby reducing the area in which they

will need to search.

Data received from a geostationary satellite being evaluated by C-S for full-scale inclusion into the

system was assessed in the trial. Although the amount of GEQLUT data we received was small and-
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it included beacon data from a flat open site only, it -‘was -encouraging to discover that the
geostationary satellite detected the beacon immediately it was turned on and did not lose sight of it
until the beacon was deactivated. The detected beacon was on the edge of the satellite’s footprint, -
where the elevation angle is only-about 1.5°- It is therefore very likely that the incorporation-of-
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additional geostationary satellites into the system on a permanent basis will improve system
performance and reduce detection delays.

Consideration of data received by a foreign LUT (Spain) verified that dump data seen by the Lasham

LUT is often detected on a previous satellite pass by a foreign LUT and alert messages are passed

through the MCC network on the ground, thereby increasing system response to personnel in
distress.

The study has enabled a more in-depth appreciation of C-S system operations to be obtained and an

understanding of the issues that would need to be considered by the Agency, should sh to usge

TA7
understandin sues dered by the Agency, should it wish t

the C-S for emergency protection of its lone workers. The first stage would be seeking the approval
for use of land based beacons within the UK. As other UK organisations also have an interest in
achieving this, there will be further support within the UK for obtaining the approval required.
Beacons used by the Agency would need to be approved by the C-S organisation and details of
contacts in case of activation of Agency beacons would need to be supplied to the UK MCC. The
method of information flow from the MCC will need to be considered and in particular, carefiil
consideration will need to be given if the Agency would prefer to conduct search and rescue
activities for its own workers.

It has been ascertained that the long term future of the C-S system is promising, as considerable long
term support is guaranteed from a number of international government organisations. Technical
developments will continue to increase system performance, with the most imminent of these being

the inclusion of geostationary and GPS data to provide decreased response times and increased

P2 039 et eTiwa vl vine § o AZikis ERW s A

location accuracy.
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7. RECOMMENDATIONS

It is recommended that the use of the C-S system to provide emergency protection-for its lone -

waorkers ig given serious consideration. - Initially, should the Agency consider to pursue the system’s

Vi wuiddiliuifed

use, approval for the use.of land based beacons within the UK should be sought. A pilot study in a

region would then be beneficial to gain an appreciation of the organisational -and- implementation

ix V¥ e CARWAL & [T S LY L 9 4 Gia Gpopracloafiaida

issues.involved, in particular the effective collection of alert information from the C-S network,::

instigation of search and rescue activities and training of Agency staff.- Part-of any study should also

include the consideration of the use of the homer frequency emitted by beacons; such as whether the:

n frequency allocation. if it is to conduct.its own search and rescue

~ >t il Ao WS dlein b, &

Agency-would: require its own fr

activities and ihe employmeni of direction inding {DF) equipimeni.io assist i rescues.
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APPENDIX 1
DETAILS OF TRIALS SITES

Table I.I List of Trials sites

SITE. NAME TERRAIN

Wales

1 Pass of Aberglaslyn Severe Wooded Valley

2 Pass of Aberglaslyn Severe Valley

3 Pass of Llanberis U-Shaped Valley, Clear -
4 Drws-y-Coed U-Shaped Valley, Clear-
5 Airfirld-Morfa Dinlle - Wide Open

6 Bryn-y-Fawnog: : High . Undulating Wooded - :
7 Hafod-y-Llan U-Shaped Valley, Scrub
8 PontGethin Valley - Dense Wood -
Yorkshire-

9 Darnholm (Nr Goathland) - U-Shaped Bowl, Open
10 Dambholm - Gorge, Scrub.

11 Greenlands Farm - Semi-table-top, open

12 Abbots House Farm Undulating Scrub

13. Levisham Mill Farm . Severe Valley, Open .

14 - High Muffles Wooded Plateau -

15 Littlebeck - Deep Wooded Valley

16 Staithes Lifeboat Station Between cliff and house




APPENDIX II

CELLULAR COVERAGE AT TRIALS SITES

Table II.I Digital Cellphone Reception at Trials Sites

SITE TERRAIN DIGITAL CELLPHONE RECEPTION
Wales

1 Severe valley, dense woodland Not Tried
2 Severe valley Yes

3 U-shaped valley, uncluttered Yes

4 U-shaped valley, uncluttered Yes

5 Wide open Yes

6 . Undulating - densely wooded No

7 U-shaped valley - scrub No

g Valley - densely wooded No
Yorkshire

9 U-shaped bowl - open No

10 Gorge scrub No

11 Semi-table-top - open No

12 Undulating scrub No

13 Severe valley - open No

14 Plateau - wooded No

15 Deep wooded valley, 0° orientation No

16 Steep ClLiff Not Tried
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APPENDIX: III
DETAILS OF BEACON -

Table IIII Test Beacon Specification -

ITEM - SPECIFICATION -
Model: KANNAD 406M Personal Locator Beacon -
Supplier: Sullivan Marine Limited, Kent, UK -
Technical Specs:  Frequency: 406.025 MHz £+ 0.002 MHz
Power: SW+2dB-
Modulation:. Phase modulation-of 1.1 + 0.1 radians

Short Term Stability: < 0.002 parts/million/minute
Medium Term Stability: < 0.001 parts/million/minute

NOTE: 121.5 MHz: or other homing frequency (25 mW) available- as
authorised by national authorities. -

General Case:. High impact resistant plastic .
Packaging: - Colour:- High visibility yellow
Carrying Case: Red carrying case with belt loop .
Antenna: Foldable tape antenna (requires deployment)
Weight: - 490 g
Diemensions: 160 x: 55 x 90 mm -
Operation: . . Modes: Switch, Off and Test

Two conscious actions required for ON-
Flashing light indicates correct operation
Operating life: Minimum 48 hours at -20°C/ 24 hours at -40°
Operating temperature:- -40°C to +55°C
Storage temperature::  -50°C-to +70°C:
Battery replacement:  Every 4 years -
Test codes used -
in trial: .. 9D 1E CC 34 9F.8DO0 -
9D 1E CC 34 9F 9DO
OD IE CC349F 990 .
9D 1E CC 34 9F 900 -
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APPENDIX IV
SAMPLE OF DATA OUTPUT FROM LUT AND MCC

Each satellite pass tracked by a LUT results in a solution file containing the following
information:

¢ Pass Number (Each orbit for each satellite has a unique number assigned to it).

s Satellite Identification

o Date

o AOS (Acquisition of Signal; this is the time at which the LUT detects a signal from
the satellite, at the start of the satellite pass).

» LOS (Loss of Signal; the time at which the LUT loses the signal from the satellite).

¢ Beacon identification code (C8D0, C900, C990 or C9D0)

e Number of bursts of data received

o TCA (Time of closest approach to the beacon)

e Latl and Longl (Calculated positional information)

» Probl (Confidence factor of the above calculation expressed as percentage)

¢ Lat2 and Long2 (Calculated alternative positional information)

* Prob2 (Confidence factor of the alternative position expressed as percentage)

e TFS (Time the satellite first ‘sees’ the beacon)

¢ TLS (Time the satellite last ‘sees’ the beacon)
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APPENDIX V
DETECTION DELAYS FOR 48 HOUR TRIAL PERIODS
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APPENDIX VI
DETECTION PROBABILITIES FOR 48 HOUR TRIAL PERIODS

Table VI: Percentage Probability of Detection within Various Times (48 Hour Trial Period)

Site No Terrain - 30mins 1hour 2hours 3hours 4hours 5 hours
Wales

1 Severe Wooded Valley - 31 54 80 88 . 9% 100

2 Severe Valley 42 70 - 99 100~ 100 - 100

3 U-Shaped Valley, Clear 39 65 91 96 - 99 100

4 U-Shaped Valley; Clear . 42 67 - 95 - 100 100--- 100 =

5 Wide Open 56 82 99 100 100 - 100+

6. High-Undulating Wooded 41 67 91 99 100 - 100 -

7 U-Shaped Valley, Scrub- 36 61 85 - 91 97 100 -

8 Valley - Dense Wood - 51 76 94 100 100 - 100 : -
Yorkshire:.

9- U-Shaped Bowl, Open 32 - 59 36 91 95: 99

10 - Gorge, Scrub- 28 33 82 90 95 99

11"+ Semi-table-top, open 33 32 100° 100 :: 100 100

12 Undulating Scrub 38 57 72 79 3 85.

13 Severe Valley, Open 35° 58 gl - 90 94 - 9 -

14 Wooded Plateau - 44 72 94 98 100 100

15  Deep Wooded Valley 33 53 67 74 - 79 83

16 .  Between cliff and house 16 29 45 50 54 59
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APPENDIX VII
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APPENDIX Vil
DETECTION PROBABILITIES FOR TYPICAL WORKING DAY -

Site' No Terrain 30mins - 60mins ~ 120mins 180mins 240mins 300mins
Wales
1 Severe Wooded Valley 0.37 0.64 090 - 094 0.99 1.60 -
2 Severe Valley 0.44 0.72 0.99 1.00-: 100 - 1.00:
3 U-Shaped Valley, Clear- 046 - 073 098 1.00-- - 1.00 1.00 -
4 U-Shaped Valley, Clear 0.41 068 09  1.00- 100  1.00 :
5 Wide Open 0.64 087 100 1.00 - 1.00 - 1.00 -
6 - High Undulating Wooded ©~  0.48 0.76 097 1.00-- 1.00 - 1.00 -
7 U-Shaped Valley, Scrub - 0.42 0.70 092.. 096 1.00-- 1.00 -
8 Valley - Dense Wood 0.61% 0.87 1.00 1.00 - 1.00 - 1.00--
Yorkshire:
9 U-Shaped Bowl, Open 039 0.73 1.00 1.00. 1.00 -~ 1.00
10 - Gorge, Scrub- - - 0.36 0.67 095 1.00 1.00 - 1.00°
11 Semi-table-top, open 0.59 0.86 1.00 1.00 1.00-  1.00
12 Undulating: Scrub 052  0.79 097 1.00 1.00-- 1.00
13 Severe Valley, Open 0.47 0.76 096 1.00 1.00-- 1.00
14 Wooded Plateau - 0.53 0.834 1.00 1.00 1.00~ 1.00
15 Deep Wooded Valley 042  0.66 0.83 088 092 097"
16. -  Between cliff and house 029 051 0.72 0.78 0.84 0.91
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PREDICTED SATELLITE -SCHEDULES

Predicted schedules are shown for trial periods as well as for periods later in 1998 and 1999, in -
order to demonstrate that satellite coverage remains sufficient during the typical working day.
(One satellite pass is represented by either one or two asterisks).

Predicted Satellite Schedule for Trials Week 1: Wales

Latitude: 54degrees, 6 mins Longitude: -4 degrees, 20 mins -

Hrs 0 1" 2 3 4 5 6 7 8- 9 10 11 12 13 14-15 16 17 18 19 20 21 22 23

5 Oct. 97

Sat

52#' * % *% *% *% % k% T ok*k * %k *%k *
S3 * % * * * % %* % *%* * * * *

54 * * % * % * * _* * * % k% *

56 *) % * % * %k * % * % * * * %k * % * %k

C4 * % * % * % %* %k * * * % X * % * %

C6 *% * % * %k * * *% * **

6 Oct 97

Sat -

§2% . * * * * * * * * % ** * %
53 - * % * % * % Rk * * * %% *

54 * % * & * % * % % % * * * ** **

s6 * * * * * * * % * % *k *

c4 . * % * **k *% * * * * % ** *

ce* **& * % kx )% * * * & ** * % * %

7 Oct 97

Sat
SZ . * * % * % * % * * * * * *

s3 * % * % k% * * * % * % *% *

S4 * * * * * * ** * %k * % **

S6 * % * % * % ** * % * * * * * K

ca * %k * % * % * * * £ * *

c6 - * * * % *k * * * Kk * % %k *

8 Oct .97

sat

82 * * % * %k * % * * ¥k *k K %k
s3 * * * * * * % * % * & * %

s4 * * % w*k ** * * * b * *

S6 % * *® * * * *k *% *% *%

ca - ** *% %%k * % * % % * % * * % * %

c6 ** * %k * % * * * % * * % *

9 .Oct .97
Sat -

52

s3 * * * * * *k * % *k *k

sS4 . * % * % %% * * * * * *

s6 %k * % **® *% *% * K * % %% %% * %

c4 * % * *% * % * * * % * % *

c6 * % *% * ok * * %k ** *% *%

10 Oct 97

Sat.

§2 % * % * % * % ** * * * * *
83 * % % % * % % * * % * * J* *

54 * * * * * * * % % % * % *
S6 * * % * % * * * * % ExS * % * % *

c4 - * * % % % * * * * % * % * .

6 * * * % % % * * *k * ok * % *
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Predicted Satellite Schedule for Trials Week 2: Yorkshire

Latitude:

54degrees,

Hrs 0 1 2 3 4

19 Oct 97
Sat

s2 *

83

s4

S6 * *
Cc4

(¢]2)

20 oct 97
- Sat
52**
s3
s4
S6%*
c4
c6

* %

21 Oct 97
sat
S2%*
s3
s4
S6*
c4
(of3]

*k

22 Oct 97
sat
s2
83
54
S6
c4
Cco

* %

23 oct 97
Sat
s2
83
s4
S6
c4
(o12)

* %

24 Oct 97
Sat

)

s3

sS4

S6 *

c4a

cé6

* %

* %

* %

* %

* %k

* %k

k%
* %

* %k
* %k

* %k

kK

* %
* %

**

* %

KK

* %k
* %

**

*%
* %k
* &

k%

20 mins Longitude:

5 6 7 8 9 10 11 12 13

* % **
* % *% * *
* % * % * %
*% * * *

* % *

* %k *

* % * * *

* %
* %

* %

*% * * ** ** * % *

* * * * * * *
* % * % * ) * % * % * % *
* %k * ** *
* % k% *

**k
* * %

* %

k) * %k

LXVIlD

**

* %

* %
* %

*
*
*

0 degrees,

* K
* %

* %
*%

* %k

* %
%k

* %
%%

k% *

* %

**

**x

**

k%

* %K

43 mins

k%

*

* %

14 15 16 17 18 19 20 21 22 23



Predicted Satellite Schedule: Wales (2nd.to 10th November. 1997)

Latitude: -

Hrs 0" 1 2

5 Nov 97°
sat -
82
s3
sS4
86
cé
cé

*

** *

**

6 Nov 97
Sat
s2 -
53 .
54
S6 .
c4
Cc6

7 Nov 97
Sat
s2
S3
s4
86
c4
(o]2)

*®

8 Nov. 97
Sat

s2

83

S4degrees, 6 mins Longitude:

3

*

*
*%k
*

4 -5

* k%
* %

*

* % *
**
Wk *
k%

* % *x

6

7

* %
kK
* %

* *
* %k
*

* %

* %k

g

*

*
*

*

*

910 11 1213 14 15 16 17 1819 20 21.

*

*
*
*

*
* %

* %k

*

*
*

*&

*

-4 degrees, 20 mins -

* *

*

* %

*
%%
* %

k%

%k

* %
*%

* %

*

*

*®

*
*%
* %

*
x K
* %

*

k%

* %

*%

* %k

* %

**

* %k

22.23

k% * %

sS4
S6
c4
c6

9 Nov-97
Sat
82
83 .
s4
s6 -
c4
Ccé6

*

* %

10 Nov 97
Sat
82
S3
s4
86
ca
ce -

)%k

* %
kk

)k % %
%k
* % * %
* %k

*%k

* %
* Kk
*

*%

* %k

* %

k%

*
* %
* %

LXIX .

**

* %k

* %
*
*

*%

*
*

* %

k%
* %
* %
*%
k%

**
* %

* %
* %

* %

* %

k& *%

X%
* %k

* %

**

**®

**k



Predicted Satellite Schedule: Wales (5th to 10th June 1998)
_Latitude: 53 degrees, 6 mins Longitude: -4 degrees, 20 mins

Hrs 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

5 JUN 98

Sat

82 * * % * % * %k * % * * * * ®
53 * * * * * * % *% * % * )k

84 * * % *% * * * * %k * % * % %k
S6 * % * %k k% * % X%k * * % %k ** **

C4 * % *k * * % * * % * * % * % )

06 * * % * % * * % * * %k * * % * %

6 JUN 98

Sat

S2 * * % * % * % * % *® * % * % * * * % *
53 *% * % * % * % ®% * * * *

54 * * %k * % * % * * * * * % * *
s6 * * * * * * * % *% * % %

C4 * * % * % * % * * % * * % ** *

C6 ** * % * %k * % * ** * * % * % *

7 JUN 98

Sat

SZ * *® * * *® * * * * % * *k * %
S3 * * %k * % * % * * * * % *

S4 * % k% * Kk * % * * * % * %k * % **
56, *k dk * % * * * x * * % %k * %

C4 * *% * % * * X * * % x X * *

c6 * *x * % * * * * % * % *

8 JUN %8

Sat

82 * * % * % * K * % * * * * *
S3 * % * % * % * * k% * % * % *

54 * * * * * * * % x* * X *
56 * * * * *® * * % ** *x * %

ca * %k ** * *k * * % * * % *% *

06 * % * % * % * * % * * % * * % * %

9 JUN 98

Sat

52 * * % * % X%k * %k * %k * % * %
S3 * * * * * * Kk * %k * % * %

84 * % * % * % k% * % * * * *

56 * * * % * % * % * * * * * *

C4 * £ %4 * Kk kK * * % * )k * % *

C6 * % * * % * % -k * * ** * % *

10 JUN 98

Sat

82 * * * % * * * * ok * % k%
83 * &% k¥ * ¥k * * £ *% *

sS4 ' * % * % * % *% * * % * % %k * % * %
sS6 * %% * * * * *k * % k% %%

ca * %% * % % %k * ok %% * *

C6 * *% * % * * %% * *
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Predicted Satellite Schedule::Wales (5th:to 10th June 1999)

_Latitude: 53

Hrs O 1 2

5 June 99.
sat-

SZ * %

S3

s4

56 .
cd

C6 .

** * %

* %

6 June 99
Sat
SZJ*
83
54
S8
c4 -
Cc6 *

7 June 99
sat
S2 %
s3.
s4
S6
c4
c6 * *%
8 June: 9%
Sat -
s2

S3
s4.
S6

Cc4

C6 * %k

9. June 99:
Sat
s2 -
S3
sS4
1
ca
(ol

*

* %

*

10 June 98-
Sat
s2
s3
s4
S6
c4 -
Ccé6

* %

3.

degrees, 6 mins Longitude: -4 degrees, 20 mins

19 20 21.22 23

4 5 6 7 8 91011 1213 14 15 16 .17 18
* * % *® %k * & * * *
* % * % * % * * * % * % ** *
* % * % * % * % * % * * % * %
k% * Kk * % * * % *% * % * %
* * % ** * * % * * % * %
* * * %k * % * * *
* * * % * % * % * % * * %
* X% * * * *® % * % * % * %
* * * * * * * * %
* * * * * * % * & k%
* % * % * * % * ** *
LR * K * Kk * * *
® %* * * * * *
* * * * % * % * % * *
* * ) * % * % Xk * * *
* % - * % * % * * * * % **%
* * * % * % * * %k * * %
** * % * %k * ) * * %
* % * % ** * *
* % * % * % K * * * *
* %k * % * * * * %k *%
* * * * * k& *#& ** *
* * % * % * * % * * & * %
* * k% * % * * %*
* % )% * % ** * * % *
* % * % * % * * * * * *
* * % * %k * * * *
* % * % * %k * * * * * *
)% * % * * % * * % * *
*x * % ** * * * *
* * * * * * * %
LA * % * % * * * % * % * % *
* % %* % * % L33 * * *
* * * * *% * %k * % k% * %
* * % * * * % * * * * %
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Predicted Satellite Schedule: The Lizard 18 March to 6 April 1998.

Lat:

Hrs 0 1 2 3

19 Mar 1998
Sat
s2
s3
S4
S6
c4
C6

*

k%
* %

*

20 Mar 1998
Sat
s2 *
s3
sS4
Sé
c4
ce*

* %

* %k

21 Mar 1998
Sat
S % *
s3
sS4
S6
cax*
cE **

* *k
* %

* )

22 Mar 1998
Sat
S2%*
83
84
S6
04**
Cc6

*

* 4k *

23 Mar 1998
Sat
S2%*
S3
sS4
S6
c4a
C6 * %

24 Mar 1998
Sat
s2
s3
s4
S6
c4
06**

* %
* %

* %
25 Mar 1998
Sat
s2
s3
sS4
1)
C4a*
Cc6

*

*

* K

*

*%

*

*

* %

* %

* &

4

* %

*

*

*

k%

5

* %k

*

* %

* %

*

* %

*

*

**

6

* %

*

* %k
* %

*

*%

49 degrees 48 Mins,

7

**

*

Long:

8

* %
%

k%

* %

**

*
* %

S

k%

* %

*

*

* %

khk

* %

-5 degrees

10 11 12 13 14 15 16 17 18 19 20 21 22 23

*%

**
*%
*

%%

k%

* %

* %
*

*

*

% %

**

* %k
**k
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* %

*

*

*

*

*
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* %k

*
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*
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Hrs 0 1 2
26 Mar 1998
Sat
82
83°
s4a
S6
Cc4
Cc6 .

*

*%

* % * %

27 Mar ‘1998 -

Sat
52
s3°
s4
s6
c4
co*

*

*
k%
*%

28 Mar 1988 .
Sat-
S2 %
s3
sS4 .
s6
c4
C6-*

* %
* %

*%

*%

29 Mar 1998
sSat -

52**
83
s4 .
S6
Ca#*
(o]

*

* *

30 Mar ‘1998
Sat
S2%*
s3
84
sS6
ca
cb

kK

31 Mar 1998
Sat
s2
S3
s4
S6 .
C4
ce*

*
*k

**

* %k

1 Apr 1998 -
Sat
52 -
s3

sS4

S6

c4

C6 * %

x*

* %k

4.

3. 5 6 7 8
* * t % *
*® *
* * % * %
*
* * * *
* *
* *
*%
*
* %
* * % * % * %k
* % * %
*% *%
* %
*
*% * % * %
* *
* *
* %
* % *% * % *
* % %%
* % * %
* %
L
* * * *
* % * %
* % * *
*
* %
*
* * % * % *
* *
*% ** *

9 10 11 12 13 14 15°16 17 18 .19 20 21 22-23
* * * * * % * % * %k
*% k& *% * %
* * * *% * % * % *%
* * *% *
*% *% * * * % * % *%
% * *k koK * *
* %% *% * ok * * *
* %k *% *
* *% * * % *% *% *
*% *% *k *%
* % * * % * * % *k
* *% %% * * %
* % * % * * %k * % * %
* * * *
* % %% * * *% *
* * % *
* % *k * * *k * %
* % *k * %k * *
* * * * % *% *% *
* * % %%
* * % * % %% * %
*% *% *k * %
* % * % %% * * % %% * %
% % K% * % * * %
* %k *% *k * * * *
k% *% * % * %
* %k %% * %* * *
* * * *
* % * * %k * * %k *%
* * % *k * *%
k% *% * * % * % * % * %
* % * % %% * %
*% %k * % * % *% *
* % %% * % * %
* * % * * * % * *
* % Kk Kk *k * KK
* %% * * * * % * % %k
* * * *
* * * * % * % * %
* * *k * *
* K ** *k * *% kK *
* * * % * % * *%
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Hrs O 1 2 3~

2 Apr 1998
Sat
52
s3
54
56
C4**
cé

* %

* % * %

* %k *

3 Apr 1998
Sat

52 *

sS3

s4

* %

s6
c4
cé

* %

4 Apr
Sat
82 %%
s3

54

sé

c4
Cs**

5 Apr
Sat
52 *
s3

s4

S6
Ca*
c6 *

6 Apr
Sat

s2*
s3
sS4
sS6
Chd**
cé

1998

* %

*%

1998

1998

* %

* %k

*%

ok

* %

%k

k)

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
* % ** * % * * * * *
*%* * % * & * * * *
* * k * % * % * * * * *
* % * %k * % * % * %
* % EX *k * % * * % * %
* % *% * % % ** *
* % * %k * * * % * % * %
EX *k * * * % * % *
* * * * * % * % * % * %
* % * * * % %% *
* %k * * % * * * % * % *
** * % * % * * * %
* * % * * * % * % *%
* * * % * % %k EXS
** * % ** * %% * % *
EX3 * % * * % * & * %
EX * %k * % * * % * % * *
’ * * * % * % * % * %
* % ** * % * % * * *
* * * EX * & * % * %
% % * % * % ** xS * % *
* * *k * % * % *
* % * % L3 *k * * % * %
* % * % * % * K * %
* * % * * * % * % **k *
* % * % * % * *
* * * * %% * % * % * %
* % * % * * *
* % * ** * * % * % *
* %k * % * % * * * % *
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Predicted Satellite Schedule: Newcastle 19 March to 6 April 1998

Lat: 55 degrees Longs

Hrs 0 1 2 3 4 5 6.
19 Mar 98

Sat
s2 .
83
s4
S6 -
C4 **
Cc6.. k%

*

)% ** *%

* * %
* %

20 Mar -98
Sat

Sz * %

83
s4
S6
cé
Ce*

*k * %
* %
*

* %

21 Mar 98 .
Sat
s2 *
83
s4
56 -
c4
C6 * %

* * % % %

*%

22 Mar 98"
Sat
S2%.
s3

s4

S6 **
Ch**
Cc6 .

* &
*%
*%

* %

23 Mar 98
Sat -
S2%.
S3
sS4
S6
ca *
(ol

**k * % * %
* %
*

* % * %k

24 Mar 98
Sat
s2 .
s3 -
S4* .
S6
ca
c6**

* %
**x

* %
* %

**
* % * %
* %

* %

25 Mar 98-
Sat .
52

s3 ..
s4

56
Ca*
CG * %

* %

* %
* %

E

-ldegree -36 mins

* %

* %k
*
*

* %

* %
*%

*
*

* %

ok

* %
* %

* %

*k

* %

**
*%

* %

LXXV

**

**

* %
* %k

* %
k%

&

* Xk

*

T

*

*

8 9 10 11 12 13 14 15 16

* %

* %
* %

* %
*

*

**®

*
* %

* %
* %

*
* %k

* %
* %
*

* %k

17°18 19 20-21.22 23

**x

**k
*%*

®E

k% * % * %

* %

*
* %

* % * %k * K

* %

* * )

k&

**

*% *% kk * %

*k * %

* %k

**
* %

X%

**
**

R*
k%

**
* ok
* %

**



Hrs O 1 2 3 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
26 Mar 98

Sat
s2

s3

s4

S6

c4

Ccé

* %

* %
* %

* )
**

*%

*% * % * %

* % * % **

LEd * % * %

27 Mar 98
Sat
82
s3
54
s6
c4
cex*

*

* % * %
* * %
* %k * %

* % *%

28 Mar 98
Sat

§2 *

s3

s4

* % * %

* %

56
c4
Ce**

k&
%* %

**®

L

* %k

*%

29 Mar 98
Sat
S2**
83
84
86
ca*
cé

kK

* %k

30 Mar
Sat
S2%
s3

s4

sS6 %
C4 * %
Cc6

k%

k%

31 Mar 98
Sat

s2

S3

s4

56 * %
C4 *k
ce*

*%

* % * K

1 Apr 98
Sat
s2

S3

s4

56 *
c4

06 * %k

* )k k&
*

* %

% %

* %

* %

* % *k

* %k * %

* % *k
* %

* *x k%

*

* %

**k
**

*%

* %

* %

* %
* %k

L
* K

* %

* %
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*

k%
* %k

* %
*%
* %
%%

k ok

* %
* %
*k
a2

* * %k

*
* %k

* %
*%
* %

kxR

*

*
*
*

*%
**
* %

*

*

* *

*

* %
* %k
**

*

*

*

*

*

%%

)k

*

k%

* %

*

*%



Hrs 0 1

2 Apr .98
Sat
52

s3 -
S6** % %

Ca**
k%

3 Apr :98.
Sat

s3
sS4

ci
Ccé

* %
*%

4 Apr 98 .

Sat
52 * %
s3
sS4
S6

* &

Cce** * %

5 Apr 98-

Sat
52 *

* %k

2

* %

* %k

* %

3

4 576 7 8
*
*% ** *k
* *k
* % *® %k * %
* %
*
** ** * %
** X%
* * *
* * *
* *
* % *k * %
*
* * *
**
* * *
* &
k& * % * %
*
* % * %k * %k

9 10 11 12 13 14 15 16 17 18 19 20 21 22 .23

k3
* %
*

* %k
*
* %)

*

*

* %
*k

*

*%
*
x%
* 4
*
s

k)
* %

**k
* %

* %k
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APPENDIX X COMPARISON OF ACCURACY OF POSITION ESTIMATE PAIRS

Table X.I Site 5, Airport .

Incorrect Position Estimate - Correct Position Estimate- . .
Resultant(r)/km - Search Area(Sq kM) Resultant(r)/km  Search Area(Sq kM) -
3790 - 45136950.7 13 5.24
845 22447136 7.7 185.51
2569 20741755.7 0.6 1.09 -
3740 - 439537252 0.3 0.28°
1072 36120517 0.5 0.88
1635 - 8404944.6 0.8 1.86
1658 8638516.3 0.5 0.70
3620 41180157.1 1.2 4.44
4554 65177960.5 1.0 - 3.18
1011 3211490.5 0.4- 0.61 .
938 27679443 0.2 0.08
1225 4715088.1 0.4 0.58
2205 -~ 15276962.3 1.5 6.64
1979 -~ 12312440.1 06" 1.24.
1441 65298579 . 0.4 0.63
586 - 1080990.9 0.4 0.60 -
4781 = 71837158.3 2.2. 14.92
4364 59863910.0 .. 0.4 0.56" .
3677 424813304 0.6 1.06
4232 56274814.5 5.4 92.76
834 2183849.6 2.7 23.72
2811 24834525.5 0.3 0.34
3512 38763712.6 15 7.03.
3896 47704277.8 12 4.86 .
63 12439.6 22 14.77
776 1891576.6 0.2. 0.14
2022 12854706.6 0.4 0.40
5231 85991592.1 10.2 325.24 .
2186 15017008.7 0.1 0.06
696 1522703.8 03 0.32
770 1861853.1 0.2 - 0.11 -
696 1524545.8 0.6 1.06 -
495 769421.6. 6.1 118.48
3423 36825054.0 - 0.9-. 2.65
3139 30974023.1 5.7 103.79 .
4023 508664689 . 1.1 3.87
1366 5861528.4 0.5 0.78
1330 -~ 5560814.2 - 0.7 1.66
2294 16533536.3 0.3 0.33
4613 66885669.7 0.4 0.60
4213 55796882.6 . 0.8 1.94
359 404187.6 0.7 1.62°
4216 - 55851257.0 1.1 3.66 -
21 1340.3 2.4 18.35
3128 307591325 ¢ 0.7: 1.50
1557 7619223.1 0.3 0.38
1292 5243921.1 0.1 - 0.04
3028 28816633.9 0.5 0.67
1126 -: 3984246.6 0.3 0.72
1690 89777113 1.2, 4.84
1607 8§119294.1 2.2 13.15
3924 48392903.9 0.3 0.27
986 3052800.7 4.8 71.89
Averages:
2287.6 23035879.3 1.5 19.9
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Table X.II Site 9, Darnholm

Incorrect Position Estimate

Correct Position Estimate

Resultant(r)/km Search Area(Sq kM)

Resultant(r)/km Search Area(Sq kM)

3289.24 34002808.63 2.53 20.16
1243 .83 4862324.74 0.20 0.13
1176.04 4346777 .44 0.54 0.90
437351 60115297.03 0.96 2.90
1942.47 11858577.40 2.60 21.32
1132.97 4034267.84 45.26 6436.85

698.26 1532373.81 0.78 1.92
3962.51 . 49347419.62 0.44 0.60
1753.93 9668224.41 0.60 1.13
213439 14317634.66 051 0.83
1813.00 10330498.16 4.58 65.93
279432 24540091.67 2.63 21.82

137.43 59355.44 1.51 7.15
2820.86 25008434.66 0.53 0.87
1383.48 6015482.21 0.44 0.62

458.11 659562.19 97.96 30161.72
1198.23 4512383.52 0.33 0.35
3427.83 36928616.73 1.17 432

957.51 2881455.96 0.29 0.26

629.44 1245192.73 0.24 0.18
1886.32 11182979.12 2.51 19.75
1119.72 3940461.70 13.17 545.02
2285.49 16416601.59 3.37 35.72

97931 3014132.76 0.88 2.41

Averages:

1677.27 13108507.45 7.49 1445.87
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APPENDIX XI
LOCATION ERROR AND SEARCH AREA CALCULATIONS"

Position Accuracy

A single beacon detection by a -satellite is theoretically all that is required to determine that a
worker is in distress, and rescue services should be deployed to his/her aide. This relies on-the
fact that records are kept of which beacon is held by which worker-in which location: An error-
in this manual record could cause a search to be conducted in completely-the wrong location.

If 13 or more bursts-are received from the beacon, the LUT ‘calculates 2 latitude and longitude
locations by the Doppler. shift process. A confidence percentage accompanies the position
information.  The percentage for Lat1/Long] increases with the number of bursts received from
the beacon. One of the two locations can generally be dismissed immediately as they tend to be -
many hundreds of kilometres.from the work area or in the sea. For this reason, KDSC. have .
taken the best location accuracy of the two samples and ignored the -obviously incorrect.
estimate.

Total Detections In Relation To Accuracy

For each of the sites, the total number of detections is plotted along with:the total number of -
satellite passes that were able to detect the beacon. From this the average number of detections -
per pass was calculated.. Since the-positional confidence probability increases with the number
of detections, this test-aims.to show that positional data accuracy improves with the number of
detections:

Search Area.Calculations - Location Error

At each of the sites where the beacons were left, the location was measured using two-GPS.
receivers. . Average lat/long values-were calculated and used as the comparison for the locations
calculated by the LUT. It is noted that there may be a small*error -associated with the GPS
data, although this will be constant across the sites, and should -be reduced by using data from - .
two different receivers:

In order to express differences in Lat and Long in terms of square metres of search area, there. -
are a number of steps in the data analysis as detailed below:

¢ Convert the GPS data from degrees/minutes to degrees/decimal-of degrees for- both
latitude and longitude.

¢ Calculate the differences in lat and long in minutes between GPS.and LUT data.

o Scale into km. from the Ordnance Survey map for each minute. (measured for 5
minutes -and divided by five). - Note that the scaling factor of longitude - changes
according to the position of the sites. Latitude scaling is constant across all sites.

e Having calculated the Northing. and- Easting - displacement in Kilometres, the
resultant radius r can be determined as follows: -

r = (LUTlatl ~ GPSlat)’ + (LUILongl - GPSLong)’ Kin

SearchArea = TIr°  Km®
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LUTLongl

Figure XI.I Search Area Calculation

By applying these equations, the error loci for all detections at each site are determined.

These are plotted against the satellites responsible for the detection, in the sequence in which
the detections occurred.

Search Area Assessment

It was anticipated that there will always be a human involvement in the interpretation of the
positional data in order to organise a search. Hence any wildly incorrect loci caused by a small
amount of corrupted data would cause the mean search area to be increased, when in fact those
particular co-ordinates would be dismissed. Hence KDSC decided to group the location errors
into logarithmic ranges(0-1sq km, 1-10sq km,10-100sq km,100-1000sq km 1000-10000sq km
and >10000km).

This method allows any maverick values to be dismissed and shows what percentage of the
data fall within each range, and provides a good assessment of the ability of the system predict
the geographical position of the beacon.

If the beacon remains switched on following the initial detection that initiated the search,
further data from the LUT should become available and the search area further reduced.

Cumulative Search Area

KDSC have also plotted cumulative percentages of the ranges so that at a glance the graph
shows information such as ‘At site 14 , 65% of the position estimates are within 10 Sq Km of
the actual location of the beacon. '

In practice it is recommended that each of the locations are plotted on the map and the search
are centred around the most dense area of these plots. .

In the event that only one prediction is received from the beacon, it will be necessary to choose
one of the two positions calculated by the LUT. The location with the higher confidence factor
will usually represent that of the beacon. If two or less bursts are received by the satellite, no
positional information can be calculated by the LUT. In this case the search will be centred
around the last known position of the worker.
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APPENDIX X1l
MULTIPLE TRIGGER TEST RESULTS

Multiple Trigger Test (Test2)
L R LAT 53.10815 LAT [53.10815

Site 5: Airport |Date: 5 October '97 B

- _ ) LONG | 4.3379375 LONG |4.337938

Latt: 53 8.478 |Long1: 4 20.274 L

Lat2: 53 6.51 |Long2: 4 20.309

Lat3: 53 6.495 |Long3: 4 20.232

ILat4: 53 6.473 |lLong4: 4 20.28

Lat(Av) 53 6.489 (Long(Av)| 4 20.27625

Pass No. |Satellite| Date A0S LOS ID No. Time On| Bursts TCA Lat1 | Long1 | Prob1 | Lat2 |lLong2 | Prob2 | TFS TLS
"6077___|. Sarsat-2 | 05-Oct-97 | 08:57:31 | 09:08:49 [OD1ECC349FEC8D0| 08:58:30 8 09:02:30 | 531293 | -4.3272 | B89 | 40.9069 | 58.704 11 | 08:58:38 | 09:05:17
6077 | Sarsat-2 | 05-Oct-97 | 08:57:31 | 09:08:49 | 9D1ECC349FECS00| 08:59:00 7 09:02:30 | 53.1359 | -4.2756 | 832 | 41.2268 | 56.8496 | 16.8 | 09:00:03 | 09:05:05
6077 | Sarsat-2 | 05-0ct-97 | 08/57:31 | 09:08:49 [9D1ECC349FECO90| 09:03:00 | Detect Only | 09:04:04
6077 | Sarsat-2 | 05-Oct-97 | 08:57:31 | 00:08:49 |[9D1ECC349FECOD0| 09:06:00 |Not detected ‘
2527 | Copsas-6| 05-06t-97 | 09:49:38_| 10.06:30 |OD1ECCA40FECED0| 08:48:00 11 09:58:36 | 53.1067 | -4.3337 | 963 | 52.4706 | 2.459 3.7 | 09:50:45 | 10:04:06
2927 | Copsas-6] 05.0ct-97 | 00:49:38 | 10:06:30 | 9D1ECC349FEC900|_08:54:00 5 09:58:36 | 53.1006 | -4.3173 | 735 | 52486 | 25935 | 265 | 09:57:34 | 10.03:26
2927 _ | Copsas-6| 05-Oct-07 | 09:49:38_| 10:06:30 | 9DTECC349FECO90| 09:59:00 5 00:58:37 | 52.8747 | -0.7665 | 50.4 | 52.8747 | -0.7665 | 49.6 | 10:00:04 | 10:03:21
2927 | Copsas6| 05-Oct-97 | 09:49:38 | 10:06:30 | 9D1ECC349FECO90| 10:05:00 ' K ' o -
14250 | Sarsat6 | 05-0ct.97 | 11:08:09 | 11:16:27 |9D1ECC340FECOD0| 11:10:00 6 11:14:09 | 531043 | -4.3573 | 87.7 | 66.8388 | 73.0351 | 123 | 11:.12:44 | 11:17:46
14250 | Sarsat6 | 05-Oct-87 | 11:08:00 | 11:18:27 | SDIECC3I49FECO90| 11:13:00 6 11:14:09 | 53.0361 | -4.389 | 73.8 | 66.8950 | 73.6282 | 26,2 | 11:14:05 | 11:18:11_
14250 | Sarsat6 | 05-Oct-97 | 11:08:09 | 11:18:27 |9D1ECC349FEC900| 11:16:00 | Detect Only | 11:16:03 ~ ' ' ‘ o "
14250 | Sarsat6 | 05-Oct-97 | 11:08:09 | 11:18:27 {9DTECC349FECBD0| 11:47;00 | Detect Only | 11:18:05
5598 | Gopsas-6| 05-0ct07 | 11:3749_| 11:51556 |9D1ECCB49FECODO|_11:35:00 9 11:44:53 | 531049 | -4.3375 | 99.6 | 57.4468 | -51.0447 | 0.4 | 11:37:46 | 11:51:11
2928 | Copsas-6| 05-Oct-97 | 11:37:19 | 11:51:58 | 9D1ECC349FEC990| 11:40:00 4 11:44:53 | 53.0844 | -4.3208 | 97.6 | 57.1437 |-51.1677 | 2.4 | 11:43:33 | 11:50:16
2928 | Copsas-6| 05-Oct-97 | 11:37:19 | 11:51:58 | 9DTECC349FECI00| 11:45:00 3 11:44:50 | 52.8207 | -3.9699 | 50 | 57.0169 | -50.8479| 50 | 11:46:55 | 11:51:58
2928 | Copsas-6| 05-Oct-97 | 11:37:19 | 11:51:58 |9D1ECC349FECBD0| 11:51:00 |Notdetected | - | - ' ‘ -
57441 | Sarsatd | 05-0ci-07 | 1325:06 | 13:36:09 |SD1ECCIAOFECBDO| 13:29:00 5 13:32:53 | 53.1153 | -4.3318 | 84.6 | 67.6504 | 83.8871 | 154 | 13:32:37 | 13:35:58
27441 | Sarsat3 | 05-Oct-97 | 13:28:06 | 13:36:09 | 9D1ECC3I49FECG00| 13:31:00 5 13:32:53 | 531605 | -42072 | 674 | 67615 [ 835207 | 326 |13.32:17 | 13:35:38
27441 | Sarsat-3 | 05-Oct-97 | 13:28:06 | 13:36:09 | 9D1ECC349FECI90| 13:33:00 3 13:33:02 | 53.089 | -4.2843 | 50 53.089 | -4.2843 | 50 | 13:34:09 | 13:35:49
27441 | Sarsat3 | 05-0ct-07 | 13:28:06 | 13:36:09 |9D1ECC349FECODO| 13:36:00_|Not detected ' - ' . - ‘
6080 | Sarsal-2 | 05-Ocl-97 | 1359:55 | 14:07.48 | OD1ECC346FECOD0| 14:04:00 | Detect Only | 14:06:44 ____ —
6080 | Sarsat-2 | 05-Oct-97 | 13:50:55 | 14:07:48 | 9D1ECC349FEC990| 14:05:00 3 . | 1404:05| 52,9864 | 4.1548 | 50 | 52.9864 | -4.1548 | _ 50 | 14:06:03 | 14:07.40
6080 | Sarsat-2 | 05-Oct-97 | 13:59:55 | 14:07:48 | 9D1ECC349FECO00| 14:06:00 | Detect Only | 14:07:05 ' K '
6080 | Sarsat-2 | 05-Oct97 | 13:59:55 | 14:07.48 | 9D1ECC349FECEDO Not detected | ‘

14:07:00

XCIX



Multiple Trigger Test (Continued)
| | LAT 53.10815 LAT | 53.1082

Site 5: Airport |Date: 5 October '97

LONG 43379375 LONG | 4.33794
Lat1: 53 6.478 |Long1: 4 20.274
Lat2: 53 6.51 |Long2: 4 20.309
Lat3: 53 6.495 |Long3: 4 20.232
Lat4: 53 6.473 |Long4: 4 20.29
Lat(Av) 53 6.489 |Long(A 4 20.27625
Pass No. |Satellite] Date A0S | LOS ID No. Time On| Bursts TCA Lat1 | Long1 | Prob1 | Lat2 | Long2 | Prob2 | TFS TLS
14252 | Sarsat-6 | 05-Oct-97 | 14:26:06 | 14:40:49 [ 9D1ECC349FEC8D0| 14:27:00 15 14:34:07 | 53.1152 | -4.3025 | 982 | 49.3834 | -237028| 1.8 1'4:28:12 14:40:44

14252 Sarsat-6 | 05-Oct-97 | 14:26:06 | 14:40:49 | SD1ECC349FEC9O00 | 14:27:00 14 14:34:07 | 53.1101 | -4.3038 95.9 49.3879 | -23.6992 4.1 14:28:14 | 14:40:48
14252 Sarsat-6 | 05-Oct-97 | 14:26:06 | 14:40;49 | SD1ECC349FECS90 | 14:39:49 |Not detected :

14252 Sarsat-6 | 05-Oct-97 | 14:26:06 | 14:40:49 | 9D1ECC349FECOD0| 14:39:49 |Not detected

11397 Copsas-4| 05-Oct-87 | 15:37:56 | 15:49:34 | 9D1ECC349FECOD0| 15:39:30 5 15:42:59 | 53.1137 | -4.3203 92.4 60.5547 | 87.2672 7.6 15:40:34 | 15:47:17

11397 Copsas-4| 05-Oct-97 | 15:37:56 | 15:49:34 | SD1ECC349FECS90| 15:42:30 4 15:43:00 | 52.9692 | -4.4906 515 60.9528 | 87.1771 48.5 15:45:38 | 15:48:10

11397 Copsas-4| 05-Oct-97 [ 15:37:56 | 15:49:34 | 9D1ECC349FECS00 | 15:45:30 Detect Only | 15:46:34

11397 Copsas-4| 05-Oct-97 | 15:37:56 | 15:49:34 | 9D1ECC349FEC8D0| 15:48:00 |Not detected

27443 Sarsat-3 | 05-Oct-97 | 16:42:47 | 16:57:15 | SD1ECC349FECI90 | 16:44:36 14 16:50:37 | 53.1122 | -4.3393 92.9 51.2678 | -14.4572 71 16:45:40 | 16:56:33
27443 Sarsat-3 | 05-Oct-97 | 16:42:47 | 16:57:15 | 9D1ECC349FECS00 | 16:48:13 10 16:50:37 | 53.1058 | -4.366 78.6 51.2637 | -14.4223 21.4 | 16:49:16 | 16:56:49
27443 Sarsat-3 [ 05-Oct-97 | 16:42:47 | 16:57:15 | 9D1ECC349FEC8D0| 16:51:50 6 16:50:36 | 53.0862 | -4.0584 59.9 51.1843 | -14.4336 40.1 16:562:54 | 16:57.06
27443 Sarsat-3 | 05-Oct-97 | 16:42:47 | 16:57:15 | SD1ECC349FECOD0| 18:55:27 |Not detected

11398 Copsas-4| 05-Oct-97 | 17:23:03 [ 17:39:28 | 9D1ECC34SFECO00 | 17:24:42 11 17:30:40 | 53.1102 | -4.3469 94.6 56.1414 | 27.5454 54 17:25:46 | 17:34:09
11398 Copsas-4| 05-Oct-97 | 17:23:03 | 17:39:28 [ 9D1ECC349FEC990 | 17:26:20 11 17:30:40 | 53.1004 | -4.3337 a3 56.128 | 27.6183 7 17:27:24 | 17.37:23

11398 Copsas-4| 05-Oct-97 | 17:23:03 | 17:39:28 | 9D1ECC349FECID0| 17:36:11 Detect Only | 17:37:15

11398 Copsas-4| 05-Oct-97 | 17:23:03 | 17:39:28 | 9D1ECC349FEC8D0| 17:37:50 |Not detected

16562 Sarsat-4 | 05-Oct-97 | 18:16:50 | 18:31:18 [ 9D1ECC349FEC8D0| 18:19:44 13 18:24:45 | 53.1123 | -4.3292 97.6 58.5742 | 24.5292 24 18:20:49 | 18:30:49
16562 Sarsat-4 | 05-Oct-97 | 18:16:50 | 18:31:18 | 9D1ECC349FECS00| 18:21:10 11 18:24:45| 53.097 | -4.3166 91.3 58.5618 | 24.536 8.7 18:22:14 | 18:30:37
16562 Sarsat-4 | 05-Oct-97 | 18:16:50 | 18:31:18 | 9D1ECC349FEC990| 18:26:58 4 18:24:46 | 52.9537 | -4.438 56.2 52.9537 | -4.438 43.8 | 18:28:02 | 18:30:33
16562 Sarsat-4 | 05-Oct-97 | 18:16:50 | 18:31:18 | SD1ECC349FEC9D0| 18:28:24 3 18:24:42 | 52.8272 | -4.5285 50 58.5524 | 25.479 50 18:29:27 | 18:31:08




APPENDIX X1V
VISIBILITY WINDOW NARROWING

By taking the time.difference between the beacon switch on and the Time First Seen (TFS) (the time
the satellite receives the first beacon burst), we get the time it takes for the satellite to detect a beacon.
If a beacon is tarned on such that less than this time is left before the satellite: goes out of view, then
the beacon will not register.a detection until the next satellite pass. By.subtracting the LOS time (the. -
time that the LUT loses the satellité signal) from-the time that the satellite-last saw the beacon (TLS),
we can show the narrowing of the window at the pass end. Results are presented in Table XIV.I.

Table XIV.1 Satellite Detection Gaps at Either End of a Satellite Pass-

Beacon - Pass No. Satellite .  Time for satellite Pass End
to detect beacon

8D0 6077 S2 00:00:08 00:03:32

900 6077 S2 00:01:03 00:03:44 -

990 6077 S2 - (Beacon not seen) -

oD0 6077 - S2 - -

8D0- - 2927 Cc6 - 00:02:45 - 00:02:24

900 2927 C6 00:03:34 00:03:04

990 - 2927 Cé 00:01:04 00:03:09

90 - 2927 . C6- - -

3D0 . 14250 - S6~ 00:02:44 00:00:41 :

900 14250 S6- 00:01:05 00:00:16

990 14250 S6 - -

9D0 14250 S6 . - -

8D0 20928 Cé6 00:02:46 00:00:47

900 - 2928 C6 00:03:33 00:01:42

990 2928 . Cé6 00:01:55 00:00:00

9D0 2928 Cé - -

8D0 - 27441 83 - 00:03:37 - 00:00:11

900 27441 S3 - 00:01:17 00:00:31

990 27441 S3- 00:01:09 00:00:20

9D0 27441 S3 - - -

3D0 6080 S2 - -

900 6080 - S2 00:01:03 00:00:08

990 6080 - S2 . - -

9D0 6080 - S2 - -

8D0 14252 36 - 00:01:12 00:00:05

900 - 14252 - 36 - 00:01:14. 00:00:01

990 14252 - S6 - -

9D0 . 14252 S6 - - -

8D0 11397 C4 - 00:01:04 - - 00:02:17

900 11397 - c4 - 00:03:08 - 00:01:24

990 11397 - Cc4 - - -

9D0 11397 Cc4 .. - -

8D0 27443 S3 00:01:04 00:00:42

200 27443 S3 00:01:03 - 00:00:26

990 - 27443 83 - 00:01:04 00:00:09

9D0 - - 27443 S3 - -

3D0 11398 C4 00:01:04 00:05:19

900 11398- C4 00:01:04 00:02:05

990 - 11398 C4 - -

9D0 - - 11398. C4 - -

3Do - - 16562 sS4 00:01:.05° 00:00:29

960 16562 - S4 00:01:04 00:00:41 -

990 16562 S4 00:01:04 00:00:43

9D0 16562 -S4 00:01:03 00:00:10
Mean: - 00:01:31 00:01:18

CI



APPENDIX:XV .

LINK RELIABILITY ASSESSMENT

Bursts - Visible Bursts .
Satellite TFS-  TLS Received Pass Length*:-  Predicted Difference: -
Site S: Airport

C4 20:55:44 21:.04:54 12 00:09:10 10 2
S2 22:10:20 22:22:00 13 - 00:11:40 13~ 0
Co 22:27:51°.22:39:36 . 11 00:11:45 - 13- -2
S6 - 01:03:47  01:09:39 8 00:05:52 6 2.
S6 02:42:39 02:56:02 17 00:13:23 - 15 2
S6 04:24:55 "~ 04:36:38 13 00:11:43 . 13 0
S3 04:52:35 * 05:04:16 . 15 - 00:11:41 13 2
Cc4 05:21:03 - 05:30:17= 6 - 00:09:14 10 -4 .
S6 06:05:27 06:12:59 10 00:07:32 - 8 2
S3 06:33:07 -06:45:44 16 00:12:37 14 2
C4 07:01:39 07:16:41 16 00:15:02-: 16 0
C6 08:12:51 08:26:16 -~ 17 00:13:25 ° 15 2
Co6 08:38:49 08:48:05 - 4 . 00:09:16 10 -6
C4 08:47:13 * 09:02:19 16~ 00:15:06 - 16 0
S4 09:54:15 . 10:06:52 18 00:12:37 - 14 = 4
C6 10:23:37 10:34:27 9 00:10:50 12 . 30
S6 - 00:02:08 00:07:12 8 00:05:04 6 . 2
S4 . 11:34:51  11:44:02 . 12 00:09:11 10:: 2
C6 12:08:21 . 12:20:05 12 00:11:44 13 -1
S3 13:46:26 13:53:54 . 9 00:07:28 8 1
S6 14:16:33 * 14:29:08 16 00:12:35 - 14 2 .
S3 14:42:34  14:51:48 11 00:05:14 10 - 1
S6 16:01:21 16:08:51 - 10 00:07:30 - - 8 2
C4 16:06:23. 16:13:53 9 00:07:30 - 8 1
S3 - 16:20:36 - 16:32:18 . 15 00:11:42 137 2
C4 17:51:08 - 18:02:01 - 14 00:10:53 12 2.
S4 18:07:03 18:17:55 14 00:10:52 12 2
S2: 18:44:44 . 18:47:15 3 00:02:31 - 3 0
C6 19:24:06 "19:37:31 5 00:13:25 15 -10
S4 19:45:54 19:59:20 18 00:13:26 15 3
C6 - 21:10:34  21:23:09 12 00:12:35 14 -2
S4 19:45:54  20:00:11 1% 00:14:17 16 3
S2. 21:39:07- 22:10:03 11 00:10:56 - 12 -1
Coé 23:00:19- 23:06:11 6 00:05:52 6 0
S2 23:40:35 23:49:49 - 12 00:09:14 - = 10 2
S6 02:31:31 02:45:47 18 . 00:14:16 16 - 2
S6 04:12:58 04:26:20 17 - 00:13:22 15 2
S3 04:28:50 -04:39:43 10 - 00:10:53 12 -2
C4 05:46:46 05:51:48 5 00:05:02 . 5 0
C4 21:25:41 21:29:03 5 00:03:22 4 1
S6 - 05:54:20 06:02:43 11 00:08:23 9 2
S3 06:08:37 06:20:22 . 15+ 00:11:45 13- 2
S4 06:22:00 --06:27:03 6 00:05:03 6 0
C4 00:29:54 00:45:00 17~ 00:15:06 16 1
S3- - 07:49:08 07:58:21 12 - 00:09:13 10 2
S4- - 08:00:54 08:14:19 17 00:13:25 . . 15 2.
C6 00:07:55- 00:17:09 8 00:09:14 10 -2
C4 - 09:17:09 09:30:34 16 00:13:25 15 1
54 09:41:29 09:54:55 17 00:13:26 15 2
S2 10:11:37 ~ 10:24:11 - 14 00:12:34 14 0
Co6 10:49:21 11:01:52 6 00:12:31 - 14 -8
S4 11:22:50 11:32:03 - 12 00:09:13 10 2
52 11:55:35 12:05:37 12 - 00:10:02 11 1
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Bursts Visible Bursts
Satellite TES TLS Received Pass Length Predicted Difference
Site 9: Darnholm
S6 14:47:36 14:51:17 5 00:03:21 4 1
S3 16:35:18 16:41:11 8 00:05:53 6 2
C4 16:44:31 16:49:33 7 00:05:02 5 2
C4 18:00:33 18:03:53 5 00:03:21 4 1
S4 19:53:18 19:57:30 4 00:04:12 5 -1
S2 21:51:34 21:56:37 7 00:05:03 6 1
S6 03:01:58 03:07:03 7 00:05:05 6 1
S6 04:43:29 04:47:42 6 00:04:12 5 1
S3 06:24:10 06:28:23 6 00:04:14 5 1
S4 08:07:22 08:09:52 4 00:02:30 3 1
S2 11:49:46 11:51:27 3 00:01:41 2 1
S6 12:53:25 13:00:08 8 00:06:43 7 1
Sé6 14:36:37 14:40:00 5 00:03:23 4 1
S3 16:14:36 16:20:27 8 00:05:52 6 2
C4 17:11:49 17:16:51 5 00:05:02 5 0
S4 19:36:55 19:45:20 9 00:08:24 9 0
S2 21:37:46 21:41:56 6 00:04:10 5 1
S6 02:49:51 02:55:42 8 00:05:51 6 2
Sé 04:32:11 04:37:11 6 00:05:00 5 1
C4 05:04:54 05:09:06 5 00:04:12 5 0
S3 06:00:16 06:04:29 6 00:04:14 5 1
S4 09:35:51 09:39:14 4 00:03:23 4 0
S2 11:33:20 11:36:42 4 00:03:21 4 0
S6 12:44:37 12:46:18 3 00:01:41 2 1
S6 14:21:57 14:29:29 8 00:07:32 8 0
S3 15:47:30 15:51:41 6 00:04:11 5 I
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APPENDIX XVI
GEOSTATIONARY AND FOREIGN DATA

The following geostationary information was received from the Spanish LUT for beacons -
placed at site 5 in Wales. The beacons were viewed continually throughout the periods listed

below.

Table XVLI-

Geostationary Information Received from the Spanish LUT

Beacon

Time First Seen

Time Last Seen

Beacon Site .

3D0
9DO0 .
990
900

5/10/97, 08:50:24
5/10/97, -11:13:35
5/10/97,- 11:14:56
5/10/97, 17:27:28

7/10/97,; -12:25:39
5/10/97, 18:34:30
5/10/97, 18:28:51
7/10/97, 17:49:31

5 - Airport Test 1
5 - Airport Test 2 -
5 - Airport Test 2
5 - Airport Test 1

Foreign data received from the Spanish LUT when it tracked the C-S near polar satellites is
presented on the following pages.

Clv



Figure XVII  Geostationary Raw Data Received

2.4 KBPS Data - _ .
Sateliite: S2 66325 processed at: 1997-10-22|23:26:17.94
Pass AQS: 1997-10-22 23:20:27.15 pass LOS: 1997-10-22 23:35:55.72
Satellite elements at epoch: 1997-10-22 23:36:17.36 '
sx= 3495.8000 km, sy= -2248.1558 km, sz= $894.8042 km
svx= -0.16666 kmv/s, svy=  1.23396 km/s, svz=  4.12977 km/s

11at:0.00 lon:0.00 freq: 865 1997-10-22 23:34:51.83
TCA: 864.8 CTA:0.00 drft: 0.0 SD1ECC349FECSD0 bentpips
error ejlipse: rad: 0.0 hd: 0.0 - mir 0.0 rmnr: 0.0
lat 0.00 lon: 0.00 freq: 889 TCA: 1997-10-22 23:34:51.83
TCA: 864.8 CTA:0.00 drft: 0.0 npts:1 prob: 0.000
erroreliipse: rad: 0.0 hd: 0.0 mir 0.0 mnr 0.0
18t: 0, len: 0, conf: 4, wndw: 0 G_B IESM TEST

R —

2.4 KBPS Data
Satellife: 8§ 14439 . ~ processed at: 1987-10-23 03:20:10.37
Pass AOS: 1997-70-23 03:04:09.13 pass LOS: 1997-10-23 03:19:45.00
Satellite elements at epoch: 1§97-10-23 03:20:09.82
sx= 7007.0020 km, sy= -1779.7595km, sz= -340.8068 km
svx= -(.74913 kmvs, svy= -1.55289 km/s, svz= -7.32163 km/s

1 1at:0.00 lon: 0.00 freq: -8745 1997-10-23 03:08:34.04
TCA: 2649 CTA:0.00 drft: 0.0 9D1ECC34SFECSEDO bentpipe
error ellipse: rad: 0.0 he: 0.0 mjr:0.0 mnr: 0.0
fat: 0.00 lon: 0.00 freq:-8745 TCA: 1897-10-23 03.08:34.04
TCA:2684.9 CTA:0.00 drft. 0.0 npts:2 prob: 0.000
- emror ellipse: rad: 0.0 hd: 0.0 mjr0.0 mnr00
1st:.-200, len: 201, conf: 4, wndw: 0 G_B JESM TEST

2 lat 0.00 lon: 0.00 freq:-5355 1997-10-28 03:05:21.78
~ "TCA:72.7 CTA:0.00 drft: 0.0 SD1ECC349FELSDO bentpipe
error ellipse: rad: 0.0 hd: 0.0 mr: 0.0 mnr: 00
lat: 0.00 lon:0.00 freq:-5355 TCA: 1867-10-23 03.05:21.78
TCA:72.7 CTA:0.00 drft; Q.0 npts: 1 prob: 0.000
error eflipse: rad: 0.0 hd: 0.0 mir0.0 mnr0.0
1st 0, len: O, conf: 4, wndw: 0 G_B IESM TEST

3 1at 0.00 lon: 0.00 freq:-6967 1997-10-23 03:06:00.64
TCA: 111.5 CTA:0.00 drft: 0.0 9D1ECC348FECIS0 bentpipe -
error ellipse: rad: 0.0 hd: 0.0 mjn0.0 mnr 0.0
lat: 0.00 lom:0.00 freq: -6867 TCA: 1997-10-23 03:06:00.64
TCA: 111.5 CTA: 0.00 drft: 0.0 npis: 1 prob: 0.000
arror eflipse: rad: 0.0 hd:0.0 mir00 mnr0.0
1st. 0, len: O, conf: 4, wnaw: O G_B IESM TEST
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2.4 KBPS Data
Sateilite; C4 11638 processed at: 1997-10-23 04:38:17.13

Pass AOS: 1997-10-22 04:25:56.11 pass LOS: 1987-10-23 04:38:16.36
Satellite elements at epoch: 1997-10-23 04:39:16.62 - '
sx= 4351.8926 km, sy= 998.5206km, sz= 5834.8242km.
svx= «5.86782 kmy/s, svy=" -0.15456 km/s, svz=- 4.36089 km/s -

1 lak 0.00 on: 0.00 - freq: 6763 1897-10-23 04:35:17.49 -
TCA:561.4 CTA:0.00 drft: 0.0 SD1ECC348FECSS0 regional -
error ellipse; rad: 0.0 hd: 00 mjr:00. mnr 0.0

lat: 0.00 " lon: 0.00 freq: 6763 TCA: 1997-10-23 04:35:17.49
TCA:561.4 CTA:0.00 drft: 0.0 npts:2 prob: 0.000 :-
errer ellipse: rad: 0.0 hd: 0.0 mjr:0.0 - mnr; 0.0
1st. -51, len: £2, coni: 3, wndw: 8 G_B IESM TEST

2 1at: 48.80. . lon: 72.68 . freq: -568 19897-10-23 02:55:80.28"
TCA: -5405.6 CTA:-20.88 drft: 0.0 9D1ECCZ49FECESO0 global
error ellipse: rad: 0.0 hd: 82.1 .mjr: 0.0 :mnr: 0.0 -
lat: 71.71 lon; §0.27 freg: -7457 TCA: 1897-10-23 03.00:08.87 -
TCA:-§147.2 CTA: 0.02 - drft:.0.0 npts: 3 prob: 0.500 -
error ellipse: rad: 32767.0 hd: -68.8 - mjr: 371623.2 mnr: 161.1
1st: -93, len: 353, conf: 4, wndw: 0 G_B IESM TEST

3 1at: 0.00 - lon: 0.00- freq: 5348 = 1987-10-23 04:36:29.48 -
TCA:833.4 CTA:0.00- drft: 0.0 - SD1ECCS49FECSDO regionat
error ellipse: rad: 0.0 hd:9.0: mjr:0.0° mnr: 0.0

lat: 0.00 lon: 0.00 - freg: 5848 TCA: 1997-10-23 04:36.28.4¢ -
TCA:633.4 CTA:0.00 &rft: 0.0: npts: 2 prob: 0.000
error ellipse: rad: 0.0+ hd: 0.0 mir0.0 mnr:0.0 -
~ 1st: -98, len: 99, conf: 3, wnaw: 8 G_B IESM TEST

4 1at 0.00: lon: 0.00 freq: 6674 1997-10-23 04:36:03.57 -
TCA: 607.5 CTA: 0.00 drft.0.0 9D1ECCI49FECS300 regional
error ellipse; rad: 0.0° 'nd: 0.0 my 0.0 -mnr: 0.0

lat: 0.00° lon:0.00 freq: €674 TCA: 1997-10-23 04:36:03.57
TCA: 607.5 CTA:0.00 drft: 0.0 -npis: 1 prob:-0.000°
error eliipse: -rad: 0.0 . hd: 0.0 mjr: 0.0 mar: 0.0
1st:.Q, len: 0, conf-3, wndw: 9 G_B IESM TEST

2.4 KBPS Data
Satellite: C4 11639 processed at: 1957-10-23 06:26:23.67 -

Pass AQOS: 1997-10-23 06:07:56.14 pass LOS: 1997-10-23 (8:25:47.42

Satellite elements at epoch; 1997-10-23 06:26:23.12
sx= 3594.1064 km, sy= -689.6899km, sz= 6365.7373km ..
svx= «5,80894 krn/s, svy=_ 2.89047 km/s, svz= - 3.53818 km/s

1 [at:56.86 lon: -25.47 - freq: -533 -1987-10-23 06:25:13.21
TCA:1037.1 CTA:7.26 drit: 0.0 9D1ECCI4SFECSS0 regional

error ellipse: rad: 0.0 hd:-88.0: mir: 0.1 . mnr; 0.0
- lat: 54,43 lon: -0.71 freq: 444 - TCA: 1897-10-23 06:25:11.62

TCA: 1035.5 CTA:-6.91 drft: 0.0 npts: 4 prob: 0.683
error ellipse: rad: 0.0 hg:-71.5. mir:0.1 mnr 0.0
1st: -274, len: 201, conf: 3, wndw: 1- G_B IESM TEST

2 lat: 54.42 lon: -0.70 freq: 445 1997-10-23 04:38:37.08 -

TCA: -5299.1 CTA: 8.20 - drft: 0.0 SD1ECC348FECES0 global
error effipse: rad: 0.0 - hd: -80.6 mjr: 0.1  mnr: 0.1.
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fat: 52.11 lon: 2519 freq: -503 TCA: 1997-10-23 04:39:38.66
TCA: -5297.5 CTA:-7.43 drft: 0.0 npts: 13 prob: 0.985
error ellipse: rad: 24.0 hd: -82.2 mjr: 20.6 mnr: 13.1
1st: -310, len: 752, conf: 4, wnadw: 0 G_B IESM TEST

3 lat: 56.86 lon: -25.44 freg: -44C 1997-10-23 06:25:11.38
TCA: 1035.2 CTA: 7.24 drft: 0.0 9D1ECC348FECEDO regional
error eflipse: rad: 0.0 hd: -79.7 mjr: 0.1 mnr: 0.0
lat 54.34 Jon: -0.81 freq:-352 TCA: 1897-10-23 06:25.08.77
TCA: 1033.6 CTA: -6.82 drft: 0.0 npts: 3 prob: 0.500
error ellipse: rad: 0.0 hd: -79.8 mjr: 0.1 mnr: 0.0
1st: -281, len: 180, conf: 3, wndw: 1 G_B IESM TEST

4 lat: 84.33 lon:-0.80 freq:-352 1997-10-23 04:39:35.53
TCA: -5300.6 CTA: 8.26 drft: 0.0 9D1ECC348FECBDO global
error ellipse: rad: 0.0 hd:-84.3 mjr- 0.1 mnr: 0.1
lat: 51.95 lon: 25.29 freq:-384 TCA: 1987-10-23 04:39:36.22
TCA: -53288.8 CTA:-7.54 drft: 0.0 npts: 10 prob: 0.992
errcr ellipse: rad:; 18.0 hd:-78.2 mjr: 16.1 mnr:11.3
1st: -284, len: 603, conf: 4, wndw: 0 G_B I[ESM TEST

5 1at:0.00 lon:0.00 freq:2684 1897-10-23 06:24:09.87
TCA:973.7 CTA:0.00 drft: 0.0 9D1ECC34SFECIDO regional
error ellipse: rad: 0.0 hd: 0.0 mjr:0.0 mnr: 0.0

lat: 0.00 lon: 0.00 freg: 2664 TCA: 1997-10-23 06:24:09.87
TCA: 973.7 CTA:0.00 drit: 0.0 npts: 2 prob: 0.600
error ellipse: rad: 0.0 hd: 0.0 mir:0.0 mnr 00
1st: -50, len: 51, conf: 3, wndw: 9 G_B IESM TEST

6 lat: 5441 lon:-0.71 freq:-138 1997-10-23 04:38:36.77
> TCA:-5289.4 CTA: 8.21 drit: 0.0 SD1ECC349FECSDO global
error eflipse: rad: 0.0 hd:-15.8 mjr: 0.1 mnr 0.1
lat: 51.97 lon:25.43 freg: -155 TCA: 1997-10-23 04:32:37.08
TCA:-5288.1 CTA:-7.62 drft: 0.0 npts:§ prob: 0.989
error elfipse: rad: 8.0 hd: 340 mjr70 mnr:43
1st: -118, len: 252, conf. 4, wndw: 0 G_B IESM TEST

7 1at: 56.83 lon: -25.48 freq:-52 1997-10-23 06:25:12.57
TCA: 1036.4 CTA:7.26 drft: 0.0 9D1ECC348FECS00 regional
error ellipse; rad: 0.0 hd: -89.1 mjr: 0.7 mnr: 0.1
lat: 54.39 lon: -0.74 freq: 35  TCA: 1997-10-23 06:25:10.97
TCA: 1034.8 CTA: -6.91 drft: 0.0 npts:5 prob: 0.512
errorellipse: rad: 0.0 hd:-704 mjr:0.7 mnr; 0.1
st -308, len: 252, conf: 3, wndw: 1 G_B IESM TEST

8 1at: 54.39 lon:-0.74 freq:34  1997-10-23 04:39:36.53
TCA:-5299.6 CTA: 8.22 drft: 0.0 9D1ECC349FECS00 giobal
error elfipse: rad: 0.0 hd:60.7 mjr: 0.2 mnr 0.1

lat: 51.83 lon: 25.52 freq: 95  TCA: 1997-10-23 04:39:35.11
TCA: -6301.0 CTA:-7.72 drft: 0.0 npts: 8 prob: 0.858
error cllipse: rad: 5.0 hd: <43.0 mir:5.3 mnr:1.7
1st: -212, len: 252, conf: 4, wndw: 0 G_B IESM TEST

Fal VAR



axdr LU

¥4 UUIZD CIILS 4 LILUT SPMCC K

2.4 KBPS Data
Sateliite: C8 03173 processed at: 1997-10-23 08:04:58.07 -
Pass AOS: 1997-10-23 07:47:18.12 pass LOS: 1997-10-23 08:04:08.95
Satellite elements at epach: 1997-10-23 08:04:57.52
sx= 37859346 km, sy= -35.2355km, sz= - 62865.9087 km
svx=  46,14122 km/s, svy=  1.55509 kmy/s, svz=  3.68597 km/s

1 1at:54.78 . lon: 4 14 freq: -454 1997-10-23 £8:03:34.88 .
TCA: 978.8  CTAr1.97 drit 0.0 9D1ECC349FECSS0 regianal.
error sliipse: rad: 0.0 hd:-76.5 mjrC2  mar 0.0
lat: 54.42 lcon: -0.56 - freq: 441 - TCA: 1887-10-23 08:03:34.74
TCA: 978.6 CTA:-0.85 drft: 0.0 npts:3  prop: 0.500
error ellipse: ra®: 1.0 hd: 834 mjn1.1. mn 0.0
1st: -285, len: 101, cont: 3, wndw: 1- G_B IESM TEST

2 1at: §0.50 - lon: 45.56 - freq: -658 1997-10-23 08:18°46.0C :
TCA: -5312.1 CTA: -13.62 drft: 0.0 9D1ECC348FECSS0 global
error ellipse: rad: 0.0 hd:-83.3 mr:01 mnr 0.0
lat: 54.43 -lon:+0.70 freq. 445 . TCA: 1987-10-23 06:18.39.70 =
TCA: -53184 CTA: 14.44 drft: 0.0 -npts: 3 prob: 0.500
error ellipse:; rad: 00: hd: -82.0 min 0.1- mnr 0.0
1st: 61, len:15g; conf 3, wndw: 1 G_B IESM TEST

3 1at 0.00 1Ion:0.00 freq: 5048  1957-10-23 08.01:50.65
TCA: 872.5 CTA:-0.00. drft 0.0° SD1ECC248FECSEDY regional. -
erroreflipse: rad: 0.0 hd: 0.0 mir0.0 mnr 00"
lat: 0.00 « “lon: 0.00 - freq; 5048 TCA: 1997-10-23 €8:01:50.65
TCA: 872.5 CTA:0.00 drft 0.0 npts: 2 prob: 0.0C0
eror ellipse: rad: 0.0. hd: 6.0: mjrr0.00 mnr 0.0
1st: -51, len: 52; conf: 3; wndw: 9 G_B IESM TEST

4 [at:0.00lon: 0.00 freq:3975 1887-10-23 08:02:27.15
TCA: 908.0 CTA: 0.00:- drft: 0.0~ SD1ECC349FECIQ0 regional.- -
error ellipse: rad: 0.0 -hd: 0.0 . myr: 0.0 mnr: 0.07
lat: 0.00 lon: 0.00 - freq::3975 - TCA: 1987-10-23 08:02:27.15
TCA:909.0 CTA:0.00 drft: 0.0 npts:2 preb: 0.000
error eflipse: rad: 0.0 hd: 0.0. mjr 0.0 mnr: 0.0
ist -80, len: 51. conf: 3, wndw: - G_B IESM TEST

2.4 KBPS Data -
Satelllte: S4 46810 processed at: 1997-10-23 08:25:54,30
RPass ADS: 1997-10-23 08:10:29.16..  pass LOS: 1997-10-23 08:24:31.50
Sateilite elements at epoch. 1997-10-23 08:25:53.73.
sx= 7160.3735 km, sy= .8552106km, sz= -563.0814 km
svx= -0.76953 km/s, svy=. -1.62802 km/s, svz= -7.30616 km/s

1 lat: 54,47 lon: -0.71- freq:-425 1597-10-23.08:09:23.89
TCA: -85.3. CTA: -5.68 " drft: 0.0 - 9D1ECC348FEC930 regional
error eilipse: rad: 0.0 .hd:. -68.3 mijr: 0.2 mnr: 0.1
fat: 50.11 lon: 21.03 . freq. 473 - TCA: 1987-10-23 03:09:25.04
TCA:-64.1 CTA:7.28 - drft:C.0 npts:14 prob: 0.991
eror eflipse: rad: 21.0 " hd: -76.5 mjn 17.7 mnr; 124
1st: 413, len: 701, conf: 4, wndw: 0 G_B IESM TEST

2 lat: 54.41 lon: -0.68 freq: 427 - 1997-10-23 06:27:18.60.

TCA: -6190.6 CTA:-21.48 drft: C.0 SD1ECC34SFECS90 cliobal
grror ellipse: rad: 8.0 nd:-58.3 mir:0.0 mnr: Q.0
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lat: 41.23 lon: 65.52 freq:-703 TCA:1887-10-23 06:27:30.52
TCA: -6178.6 CTA: 23.23 drft: 0.0 npts: 3 prok: £.80C
error sflipse: rad: C.0 hd: 873 mir01 mnr 0.0
1st: -198, len: 151, conf: 3, wnaw: 1 G_B IESM TEST

3 1at:54.43 lon:-0.70 freq: 433 19587-10-22 21:37:11.62
TCA: -37597.5 CTA:-20.90 drit: 0.0 9D1ECC349FECSS0 globai
error ellipse: r20: 0.0 hd: 494 mrd.9 mnt0.3
lat 41.51 Ion: -6548 freq: -214 TCA:1997-10-22 21.37.01.73
TCA: -38007.4 CTA:22.80 drit: 0C npts: 10 prob: 0.847
error ellipse: rad: 20.0 hd: -77.8 mjr19.0 mnr: 7.0
1st -117, len: 452, conf: 4, wndw: 0 G_B IESM TEST

4 lat: 54.32 lon:-C.80 freq:-333 1997-10-23 08:08.25.56
TCA: -53.6 CTA:-6.72 drft: 0.0 SD1ECC34SFECSDC regional
error eflipse: rad: 0.0 hd: 75.8 mir 0.2 mnr: Q.1
1at:50.17 lon: 20.86 freq. -293 TCA: 1997-10-23 08:09:24 .45
TCA:-84.7 CTA:7.22 drft: 0.0 npts: 10 proo: 0.834
error ellipse: rad: 11.0 hd: «40.7 mjr: 10.1 mnr 6.3
st -182, len: £03, coni: 4, wndw: 0 G_B IESM TEST

5 1at: 8435 lon:-0.80 freq:-338 1997-10-22 21:37:08.86
TCA: 37888.3 CTA: -20.86 4arft: 0.0 9D1ECC3I49FECBDOI giobal
error ellipse: rad: 1.0 hd:21.1 mirn1.0 mnr: 0.2
lat: 41.68 lon: -85.58 freq:-223 TCA: 1997-10-22 21:37:04.85
-TCA:-38004.3 CTA: 22.77 drft 0.0 npis:4 prob: 0.817
ertor ellipse: rad: 14.0 hd: -8G.4 mir: 146 mnr2.4
1st -75, len: 198, conf: 4, wndw: 0 G_B IESM TEST

6 lat: 54.39 lon: -0.72 freq: -118 1997-10-23 08:08:24.15
TCA: -850 CTA:-6.68 drft: 0.0 SD1ECC3I49FECSLO regional
encrellipse: rad: 0.C hd: 43.0 mir0.0 mnr 0.0
lat: 50.18 lon: 20.72 freq: -187 TCA: 1897-10-23 08:08:25.41
TCA: -83.7 CTA:7.08 drft: 0.0 npts:4 prob: 0.88%
errorellipse: rad: 3.0 hd:77.7 min3.3 mnr 1.2
1st: -121, len: 150, conf: 4, wndw: 0 G_B IESM TEST

7 lat 0.00 lon: 0.00 freq: 1964 1997-10-22 21:35:38.62
TCA:-38090 5 CTA: 0.00 drft 0.0 SD1ECCS49FECSDO global
errorellipse: rad: 0.6 hd: 0.0 mir: 0.0 mnr: G0

1at: 0.00 Ion: 0.00 freq: 1864 TCA: 1887-10-22 21:35:38.63
TCA: -38090.5 CTA: 0.00 drft; 0.0 npts: 1 prob: 0.000
errorellipse: rad: 0.0 hd: 0.0 mir00 mnrQ.0
1st: 0, len: §, conf: 3, wndw: ¢ G_B IESM TEST

§ 1at 0.00 Ion:0.00 freq: 3480 1997-10-23 08:08:18.61
TCA: -130.2 CTA: 0.00 drft: 0.0 SD1ECC348FECS0R giobal
errorellipse: rad: 0.0 hd: 0.0 mir 0.0 mnr: Q.0
lat: 0.00 lon: 0.00 freqg: 3480 TCA: 1987-10-23 08:08:18.91
TCA: -130.2 CTA: 0.00" drft: 0.0 npts: 1 prob: 0.000
error ellipse: rad: 0.0 hd: 0.0 mir:0.0 mne 0.0
1st 0. len: C, conf: 3, wndw: 8 G_B IESM TEST
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2.4 KBPS Data
Satellite: 84 46811 - processed at: 1997-10-23 10:06:32.17 .

Pass AOS: 1997-10-23 09:50:25.10 - pass LOS: 1997-70-23 10:05:54.92

Satellite siements at epoch: 1997-10-23 10:06:31.64 :
sx=. 6185.5238 km, sy = -3749.4192km, sz=  18.5087-km.

svx= -0.86798 km/s, svy=  -1.46859 kmys, svz=  -7.32906 km/s

1 lat: 54.33 lon: -0.82 - freq--333. 1897-10-23 08:50:02.57
TCA: -22.4 CTA:7.33 . crft: 0.0 SD1ECC349FECSEDU regional
error ellipse: rad: 0.0 -hd:-86.1 mjr:0.1 .mnr 0.1
lat: $8.01- lon: -25.12. fraq: -279. TCA. 1897-10-23 09:20:01.49 -
TCA:-23.86 CTA:-8.79. drft: 0.0 npts: & prob: 0.993
errorellipse: rad: 110 hd:-57.2 mjr 8.8 - mnr.6.5
1st: -254, len: 403, conf: 4, wndw: 0 G_B IESM TEST

2 1at: 54.32 - lon: 0.81 freq: -333 1997-10-23 08:08:25.83 .
TCA: -6059.6 CTA: -6.73 . drft: 0.0 . 9D1ECC349FECBDO glcbal
emrer ellipser rad: 1.0 -hd: -68.0-"min 1.4 mnr: 0.1
lat: 30.26 lon: 20.72. freq.-255 TCA: 1997-10-23 08:09:24 21 -
TCA: -8060.2 CTA-7.04 drf:0.0 npts: 8 prob: 0.689
error ellipse: rad: 3.0 hd:-785 mirr3.2 . mnr: 0.3
1st: 101, len: 250, conf: 2, wndw: 1 G_BIESM TEST -

2.4 KBPS Data
Satellite: S2 - 66333 processed at: 1987-10-23 12:04:57.30

Pass AQS: 1997-10-23 11:48:41.10 -  pass LOS: 1997-10-23 12:04:31.30 -
Satellite elements at epoci: 1987-10-23 12:04:56.73
sx= 6437.9648 km, sy= -3306.5684km, sz=  -83.3415km..
svx= -0.83333 km/s, svy= -1.45289 km/s, svz=- -7.32770 krm/s -

1 lat: 57.65 lon: -18.51 freq:-538 1997-10-23 11:48:31.17 -
TCA:-68 CTA:-5.11 drft: 0.0 9D1ECCI49FECISO bentpipe .-
error efliose: rad: 0.0 hd: -80.0 mijr: C.0. mn: 0.0

lat: 5444 lon:-0.73 freq: -466 TCA: 1987-10-23 11:456:30.23
TCA: -10.8:- CTA: 8.34 drft 0.0 -npts: 3 -prob: 0.800
error ellipse: rad: 0.0 hd: 66.7 mjr: 0.0 - mnr 0.0 -
1st: 75, len: 101, conf: 3, wndw: 1 G_B IESM TEST

2 e 0.00 Ion:0.00 freq: 4737 . 1997-10-23 11:43:49.08 - -
TCA:68.0 CTA:0.0G  drft: 0.C 8D1ECC3I49FECED0 bentpipe -
error ellipse: rad: 0.0 : hd: 0.0 ~mjr 0.0 mnr: 0.0

lat: 0.00 ion: 0.00 freq: 4731 .. TCA: 1997-10-23 11:48:49.06
TCA: 68.0 - CTA: 0.00 - drft 0.0 npts: 1 prob: 0.C00
errorellipse: rad: C.0 hd: 0.0 mir 0.0 mnr: 0.0
1st. 0, len: 0, conf: 4, wndw: 0 G_B IESM TEST: .




2.4 KBPS Data :
Satellite: S6 14506 processed at: 1997-10-23 14:39:32.48
Pass AOS: 1997-10-23 14:23:49,11 pass LOS: 1997-10-23 74:39:09.96
Satellite elemants at epoch: 1997-10-23 14:39:31.92
sx= 3646.5747 km, sy= -1206.5282km, sz= 6124.7998 km
Svx= «6.48087 km/s, svy= -0.45538 km/s, sve=  3.76745 km/s

J lat: 5443 lon: -0.71 freq: -281 1997-10-23 14:37:56.14
TCA:847.0 CTA:-8.80 drft 0.0 SD1ECC3I49FECS30 benipipe
error ellipse: rad: 0.0 hd: -80.3 mirr0.2 mnr 00

lat: 48.22 lcn: -28.74 freq: -371 TCA: 1997-10-23 14.37:57.20
TCA:848.8 CTA:9.23 drft: 0.0 npts: 5 prob: 0.818
errer eflipse: rad: 3.0 hd:47.3 mir:20 mnr: 0.6
1st -213, len: 184, conf* 3, wndw: 1 G_B [ESM TEST

4 lat: 54.34 lon: -0.82 freq:-156 1897-10-23 14:37.54.77
TCA: 845.7 CTA:-8.72 drit: 0. 9D1ECC349FECSDJ benipipe
error eliipse: rad; 0.0 hd: -804 mjr:0.0 mnr:0.0
lat: 49.18 lon: -28.57 freq:-285 TCA: 1987-10-23 14:37.56.47
TCA: 8474 CTA:9.15 drit: 0.0 npts: 3 prob: 0.500
errorellipse: rad: 0.0 hd: 474 mir: 0.0 mnr 0.0
ist -181, len: 151, conf: 3, wndw: 1 G_B IESM TEST

5 lat 34.40 lon:-0.74 freq: 194 1897-10-23 14:37:55.62
TCA: 848.5 CTA:-8.78 dift: 0.0 SD1ECC343FECS00 bentpipe
error gllipse: rad: 0.0 hd:-76.8 mjr: 0.0 mnr: 0.0

at; 48.19  lon: -28.71 freq: 111 TCA: 1987-10-23 14:37:57.27
TCA: 848.2 CTA:8.22 drit: 0.0 npts: 3 prob: 0.500
error ellipse: rad: 0.0 hd:43.6 mrn0.C mnr: 0.0
1st: =172, len: 152, conf: 3, wndw: 1 G_B IESM TEST

6 lat: 0.00 {on: 0.00 freq: 1410 1997-10-23 14:37:26.84
TCA: 817.7 CTA:0.00 drft: 0.0 9D1ECC349FECSD0 bentpipe
error 2llipse: rad: 0.0 hd: 9.0 min0.0 mnr0.0
lat 0.00 lon:0.00 freq: 1410 TCA: 1987-10-23 14:37:26.84
TCA:817.7 CTA:0.00 drft: 0.0 npts:2 prob. 0.00C
error ellipse: rac: 0.0 hd: 0.0 mjn00 mnr:0.0
1st. 49, len: 50, conf: 4, wndw: 0 G_B IESM TEST

2.4 KBPS Data
Satellite: C4 11644 processed at: 1997-70-23 15:40:33.98
Pass AOS: 1997-10-23 15:31:06,14 pass LOS: 1997-10-23 15:39:46.25
Satellite elements at epoch: 1997-10-23 15:40:33.50 '
sx= 6809.3472 km, sy= 1889.7573km, sz= 2000.7729 km
svi=  1.83484 km/s, svy=  0.94958 km/s, svz=  -7,03403 km/s

1 lat 54.30 lon:-0.95 freq:-423 1987-10-23 15.258:51.17
TCA: -135.0 CTA:-6.49 drt: 0.0 SD1ECCI48FECS90 global
srror ellipse: rad: 0.0 .hd: -80.0 mjr: 0.0 nwnr: 0.0

lat: 56.50 lon: 21.80 freq:-565 TCA: 1887-10-23 15:28.52.66
TCA: -133.5 CTA: 6.€1 drft: 0.0 npts: 3 prob: 0.500
error ellipse: rad: 0.0 hd:-63.9 mjr0.6 mnn0.C
1st: -408, len: 200, conf: 3, wndw: 1 G_B IESM TEST

2 lat: 54.43 lom: -0.71 freq:-442 1997-10-23 13:41:31.33

TCA: -6574.7 CTA: -18.42 drft: 0.0 SD1ECC349FECO80 globai
error eflipse: rad: 0.0 nhd:-58.2 mir:02 mnr:0.1
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lat: 61.02 - lon: 80.42 freq: -553 ... TCA: 1997-10-23 13:41.36.97 .
TCA: 6669.2-CTA: 21.76 -drft: 0.0- npts: @ prob: 0.993
errorellipse: rad: 47.0 hd: 426 mir:415 mnr 237
1st: -391, len: 700, coni: 4, wndw: 0 G_B IESM TEST

3 iat: 5443 . lon:-0.71 freq: -447 .1997-10-23 08:12:35.87
TCA: -26310.3 CTA: -19.87 drft. 0.0 SD1ECC349FECSS0 globai
error ellipse: rad: 6.0 hd: -795 mjr58 mnr20.
lat:61.06 lon:-83.26 lreq:-185 - TCA: 1997-10-23 08:12:23.78 -
TCA: -26322.4 CTA: 21.89 drft:0.0 npts: 5 prob: 0.778
arror ellipse: rad: 26.0 hd: -85.2 mjrn 255 mnr: 8.5
1st: -57, len: 458, conf::3, wndw: 0 G BIESM TEST

2.4 KBPS Data-
Satellite: C4 11645 processed at: 1997-10-23 17:31:22.10

Pass ACS: 1997-10-23 17:13:14.10. pass LOS: 1997-10-23 17:30:44.04

Satellite elements at epoch: 1997-10-23 17:31:21.54
sx= 7227.0566 km, sy= -1243.2075km, sz= -575.5450km
svx= -0.46841 km/s, svy=  0.45671 km/s, svz= -7.29232 km/s -

1 lal: 54.41 lon:-0.72 freq: -139 = 1997-10-23 17:14:20.40 -
TCA:66.3 CTA:8.83 drit: 0.0° 9D1ECC349FECSDQ regional: .-
error ellipse: rad: 0.0 hd: 23.8 mir0.1. mnr 0.1

lat: 51.80 lon:-28.79 freq: -128 TCA: 1987-10-23 17:14:20.22" -
TCA:66.1. CTA:-8.18 drft: 0.0 npts: S prob: 0.988 .
error ellipse; rad: 9.0° hd: -438 min74 mnr: 6.1
1st: <151, len: 302, conf: 4, wndw: 0 G_B IESM TEST .

2.4 KBPS Data
Satellite: 83 57700 processed at: 1997-10-23 17:55:51.24

Pass AQS: 1997-10-23 17:40:06.12 pass LOS: 71997-10-23 17:55:28.59

Sateilite elements at epoch: 1997-10-23 17:55:50.71 .
sx =" 3566.9326 km,. sy = -1857.9607 km, sz= 5942.83585km ..

svx= -6.32841 krn/s, svy=  0.73438 km/s, svz=  4.02945 km/s.

1 1at.0.00 Ilon:0.00 freq: 1447  1887-10-23 17:53:55.54 .
TCA: 829.4 CTA:0.00 drf: 0.0 3D1ECC348FECS20 bentpipe.
ertor ellipse: rad: 0.0 hd: 0.0 mjr:0.0 mnr0.0

lat: 0.C0 ion: 0.00 freqg: 1447 TCA: 1997-10-23 17:53:55.54
TCA: 829.4 CTA:0.0C drft: 0.0 npts:1 prob: 0.000:.
error ellipse; rad: 0.0 - #d: 0.0 mjr 0.0 - mnr: 0.0
1st: 0, len: 0, conf: 4, wndw: Q- G_B IESM TEST
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2.4 KBPS Data
Sarellite: C6 03179 processed at: 1997-10-23 19:10:16.73
Pass AOS: 1997-10-23 18:52:24.13 pass LOS: 1897-10-23 15:08:56.73
Sateilite efements at epoch: 1997-10-23 19:10:16.19 :
sx= 7374.8701 km, sys 104.8859km, sz= -459.0386 km
svx=  «0.42709 kmy/s, svy=  0.36093 km/s, svz= -7.26653 km/s

1 lat 5441 lon:-0.73 freq:-138 1997-10-23 18:53:12.26
TCA:858.1 CTA:2.83 drft 0.0 SD1ECC349FECSDO regional
error ellipse: rad: 0.0 hd: 875 mir Q0.2 mnr: 0.1

fat: 53.60 lon:-8.91 freq:-150 TCA: 1887-10-23 18:53:19.54
TCA:56.4 CTA:-226 drft: 0.0 npis:5 prob: 0.960
error eflipse: rad: 7.0 hd: 738 mjr:€63 mnr 2.0
1st: -100, len: 304, conf: 4, wndw: 0 G_B IESM TEST

2Bt 0.00 lon: 0,00 freq:-4488 1987-10-23 08:04:50.11
TCA: -38854.0 CTA; 0.CC crft: 0.0 9D1ECC348FECEDA global
error ellipse: rad: 0.0 hd: 0.0 mjr0.0 mnr:0.0
lat: 0.00 lon: 000 freg: 4483 TCA: 1997-10-23 08:04:50.11
TCA: -38854.0 CTA: 0.00 crft: 0.0 npis: 2 prob: 0.000
grror ellipgse: r3d: 0.0 hd: 0.0 mir09 mnr 00
1st -252, len: 253, conf: 3, wndw: 9 G_B IESM TEST

3 156t:5439 lon:-0.76 freq:33  1997-10-23 18:53:19.53
TCA:55.4 CTA:2.61 drft: 0.0 SD1ECC345FECS00 regional
erro-ellipse. rad: 0.0 hd:-70.2 mirC.C mMnr: 0.0

lat: 83.57 lon:-8.88 freq: 17  TCA:1897-10-23 18:63:13.84
TCA:85.7 CTA:-231 drit 0.0 npis:3 prob: 0.500
error eflipse: rad: 0.0 hd: 1.0 mjr: 0.1 mnr:0.0
1st: -43, len: 148, conf 4, wndw: 0 G_B IESM TEST

4 1at: 54.71 lom: 4.02 freq:28  1997-10-23 08:03:34.16
TCA: -38930.0 CTA: 1.08 drft 0.0 9D1ECC24SFECEO0 global
error eilipse: rad: 0.0 hd.-88.8 mjr 0.0 mnrC.0
lat: 54.39 lon:-0.78 freq: 35 TCA: 18987-10-23 08:03:34 .01
TCA: -38930.1 CTA:-0.83 ¢rft: 0.0 npts: 3 prob: 0.500
error eliipse: rad: 0.0 hd: -70.2 mjr: 0.0 mnr: 0.0
st -117, len: 182, conf: 4, wndw: 0 G_B IESM TEST

2.4 KBPS Data :
Satellite: S4 46817 processed at; 1997-10-23 19:44:56.26
Pass ADS: 1997-10-23 19:29:54.11 pass LOS; 1997-10-23 19:43:38.53
Satellite elements at epoch: 1937-10-23 19:44:55.72
sx= 34393286 km, sy= -767.6874hkm, sz= 6308.0049 km
svx= «6.56317 kiv/s, svy= -1.27651 km/s, sve=  3.42339 km/s

1 lat 51.83 lon: -14.50 freq: -492 1997-10-23 19:42:40.21
TCA:766.2 CTA:4.43 drft -2.8 8D1ECC343FECS80 regional
error eflipse: rad: 0.0 hd: 341 mjn 0.9 mpr: 0.1

iat: 54.42 lon:-0.76 freq 429 TCA: 1997-10-23 19:42:39.52
TCA: 7654 CTA 423 drft:-1.6 npts: 6 prob: 0.682
error ellipse: rad: 1.0 nd:-83.6 mir: 1.8 mnr Q.2
1st -303, len: 253, conf: 3, wndw: 1 G_B IESM TEST

2 lat 54.43 lon: ~0.70 freq: 418 1897-10-23 18:02:15.73
TCA: -5258.4 CTA:9.45 drft: 0.0 9D1ECC3I4SFECSS0 giobai
error ellipse: rad: 0.0 hd:72.0 my 02 mnr 0.2
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lat: 60.60 - -fon: 31.26. freq: -4893 TCA: 1997-10-23 18:02:17.70
TCA: -5256.4. CTA: -8.66 drft: 0.0 . npts: 15 prob: 0.888
error ellipse: rad: 22.0 hd: 70.8 mjr: 19.0 mnr:12.8 -
1st: -298, lem: 751, conf: 4, wndw: 0 G_BIESM TEST -

2.4 KBPS Dats
Satellite: C6 03180 - processed at: 1997-10-23 20:55:12.90 -
Pass AOS: 1887-10-23 20:37:48.15 © pass LOS: 1897-10-23 20:54:38.32 -
Satellite elements at epoch: 1997-10-23 20:55:12.35
sx= 06654.6824 km, sy= -3178.0828 km, sz= -476.5605 km
svx=  -0.23824 knvs, svy=  0.52056 km/s, svz=  -7.28536 km/s

11865443 ion: 072 freq: 435 1997-10-23 20:37:50.28
TCA: 21 CTA:17.82 drft: 0.0 - SD1ECC349FECS90 regional
error eflipse: rad: 0.0 - hd: §5. mjr 0.7 - mnr: 0.3

lat: 48.58 ‘bon:-57.20 fraq: ~410. TCA: 1897-10-23 20:37:46.35
TCA: 1.2 - CTA:-16.41 drft: 0.0 npis: 5 prop: 0,835 -
error ellipse: rad: 8.0 hd:-18.5 mjr- 8.7 .. mnr: 3.3
1st: -106, len: 252, conf: 4. wndw: 0 G_B IESM TEST

2.4 KBFS Data
Sateliite: S4 46813 processed at: 1997-10-23 21:25:28.39
Pass AOS: 1897-10-23 21:09:13.25  pass LOS: 1897-10-23 21:24:50.54
Satellite elements at epoch: 1997-10-23 21:25:28.85
sx= J309.8723 km, sy= -2302.2903 km, -sz= $§936.1387 km
svx= +6.22369 km/s, svy= 1.39591 km/s, svz=- 3.97126 km/s

1 lat: 43.21 lon:-80.22 freq: 482 1897-10-23 21:24:31.64
TCA: 9184 CTA: 20.54 drft: 0.0 9D1ECC348FECSR0 regional
errorellipse: rad: 0.0 hd: 6.7 mir 0.0 mnr: 0.0
lat- 54.42 on:-0.73 freq:-419 TCA: 1987-10-23 21:24:23.85
TCA: 6157 CTA:-18.08 drft: 0.0 'npts: 3 prob: 0.500
error eliipse: rad: 0.0 . hd: -37.7 mjr: 0.0 - mn: 0.0 .
18t -154, len: 97, conf: 3, wndw: 1 G_B IESM TEST

2 lat-54.42 lon:-0.72 freq: 418 1997-10-23 19:42:39.46 - -
TCA: -5183.8 CTA:4.25 drit: 0.0+ 9D1ECC348FECI90 global
emorellipse: rad:0.0 hd: 757 mir0.3 mnr 0.1

lat: 51.63° lon: -14.89 . freq: -387- TCTA: 1997-10-23 19:42:38.81 -
TCA:-5194.4 CTA:4.73 drit. 0.0 npts: 16 prob: 0.984
error ellipse: rad: 17.0 hd: 684 mjr 163 mnr 7.1
1st: -302, len: 756, conf: 4, wndw: 0 G_B IESM TEST

3 1at:54.39 lon: Q.75 freq::53 - 1997-10-23 18:42:39.03
TCA: -5124.2 CTA:-4.23 drit- 0.0 9D1ECC348FECS00 globai- -
error eilipse: rad: 0.0 hd: 797 mir02- mnr 0.1
lat: 51.65 lon: -14.78 freq: 70  TCA: 1997-10-23 19.42:38.71.
TCA: -5194.5 CTA: 4.66 drft 0.0 npts: 6 proi: 0.987°
error ellipse: rad: 19.0 hd: 64.8- mjr: 17.1 mnr8.9 -
1st: -235, len: 503, conf: 4, wndw: 0 G_BIESM TEST"



24 KBPS Data -
Satellite: C4 11652 ~°  procsssed at: 1997-70-24 05:09:06.86

Pass AOS: 1997-10-24 04:52:14.12 pass LOS: 1937-10-24 05:07:56.55
Sateilite elements at epoch: 1997-10-24 05:09:06.33
sx= J3B863.3074km, sy= 395.9571km, sz= 6231.8477 km
svx= -6.21813 km/s, svy=  0.79682 kmv/s, sve=  3.76809 km/s

1 lat 5442 lon: -0.70 freq: 431 1897-10-24 08:07:51.69
TCA: 937.6 CTA: 3.06 drft: 0.0 SD1ECCI49FECSL0 regionai
error ellipse: rad: 1.0 hd: -78.1 mjrn 1.2 mnr 0.1
lat: 53.43 lon: 9.12 freq:-353 TCA: 1997-10-24 05:07:51.13
TCA:837.0 CTA:-2.83 drft 0.0 npts: 5 prob: 0.712
error ellipse: rad: 2.5 hkd:-82.5 mir2.8 mm: 0.2
1st: <335, len: 250, conf: 3, wndw: 1 G_B IESM TEST

2 lat £443 lon: <0.71 freq: 432 1887-10-24 03:23:24.80
TCA: -5328.3 CTA: 18.30 drft: 0.0 9D1ECC349FECSSQ global
error ellipse: rad: 0.0 nd:-36.8 mir:0.5 mnr 0.2
iat: 49.89 lon: 57.12 freq:-585 TCA:1€97-10-24 03;23:32.04
TCA: -5322.1 CTA: -16.60 drft: 0.0 npts: 6 prob: 0.989
error ellipse: rad: 40.0 hd: 48.9 mjr 37.2 mnr: 15.8
ist: -229, len: 804, conf: 4, wndw: O C_B IESM TEST

3 1at:0.00 lon: 0.00 freq: 4481 1997-10-23 18:53:20.27
TCA: -35833.8 CTA: 0.00 4drft: 0.0 SD1ECC349FECE8D glcbal
" emorellipse: rac: 0.0 hd:0.0 mir 00 mn0.0
lat: 0.00 fon: 0.00 freg: 4481 TCA: 1997-10-23 18:83:.20.27
TCA: -35833.8 CTA: 0.00 drft: 0.0 npts: 1 prob: 0.000
error ellipse: rad: 0.0 hd: 0.0 mjr0C mnr 0.0
1st: 0, len: Q, conf: 3, wndw: ¢ G_B IESM TEST

2.4 KBPS Data
Satellite: S3 57707 processed at: 1997-10-24 06:18:34.28
Pass AQS: 1997-10-24 06:02:41.13 pass LOS: 1997-10-24 06:18:15.07
Satellite elements at epoch: 1997-10-24 06:18:33.72
sx= 6738.2632km, sy= -2527.9524km, sz= -179.2956 km
svx= -Q.73786 km/s, svy= -1.46484 km/s, svz= -7.35281 kin's

12 0.00 Ilon:0.00 freg: -7884 1997-10-24 06:04:59.68
TCA: 138.6 CTA:0.00 drit: 0.0 SD1ECCI48FECSS0CFCE2 bentaipe
errcrellipse: rad: 0.0 hd:0.0 mr0.0 mnr:0.0
at: 0.00 lon: C.00 freq:-7884 TCA: 1997-1C-24 06:04:52.68
TCA: 133.6 CTA:0.00 drft: 0.0 npts:2 prob: 0.000
error eflipse: rad: 0.0 hd: 0.0 mjr 0.0 mnrC.0
1st: 47, len: 48, conf: 4, wndw: 0 G_B IESM TEST

21at.0.00 Ion: 0.00 freq: -6865 1897-10-24 06:04:34.76
TCA: 113.6 CTA: Q.00 drit: 0.0 SD1ECCSI48FECSO073AFD bentpipe

error eflipse: ad: 0.0 hd: 0.0 mir0.0 mnr:0.0
lat: 0.00 Ion: 2.00 freq: -6885 TCA: 1997-10-24 06:04:34.76



- m— v v == am—-— WA LAY W

TCA: 1136 CTA:0.00 . 4rft: 0.0 . npis: 1 prob: 0.000
error ellipse: rad: 0.0 h<: 0.0 mjr 0.0- mnr: 0.0
1st: 0, len: 0, conf: 4, wndw: 0 G_B IESM TEST

2.4 KBPS Data
Satellite: C4 = 17853 ' procsssed at: 1997-10-24 06:54:28.42
Pass AOS: 1997-10-24 06:36:46.12 pass LOS: 1997-70-24 05:53:56.05 :
Contents: 14 records, 14 located beacons, 0 unlocated beacons
Sateliite elements at epoch: 1997-10-24 06:54:27.87 -
sx=. 34828153 km, sy= -1256.3729km, sz= 6339.8364 k.
svx= -5.30841 km/s, svy=  3.53436 km/s, svz=  3.58215 kmys
Frame count: 1898

1 lat: 58.81 lon: 43.98 freq:-588 - 1997-10-24 0€:54:04.42
TCA: 1038.3 CTA: 12.27 drft: 0.0 - SD1ECC348FECSG0CFCS52 regional -
error gllipse:- rad: 0.0 - hd: 798 mjr0.0 mnr: 0.9

lat: 54.43 lon. -0.70 - freg: 430 -~ TCA: 1897-10-24 06:84.01.21
TCA: 1038.1 CTA: -11.61 drft: 0.0 npts: 3- prob: 0.5C0
error slipse: rad: 0.0 hd: -£9.7 mjr 0.1 mnr: 0.0-
1st: -235, len: 99, conf:-2, wndw: 1 G_B IESM TEST -.

2.4 KBPS Data :

Sateliite: C& 03787 - processed at: 1997-10-24 08:34:10.85

Pass AOS: 1897-10-24 08:15:36.10 pass LOS: 1997-10-24 08:32:09.07 -
Contents: 44 records, 34 iocatsd beacons, 10 uniccated beacons

Sateflife elements at epach: 1997-10-24 08:34:10.30 -
sx= J479.2861 km, sy= -§16.5859km, s2= 6428.7666 km
svx= 500500 kmvs, svy= 254311 ks, svz= 342919 kmfs
Frama saiint: 14513

1 jlat: 0.00 lon: 0.00 freq: 6154 1987-10-24 08:29:27.87
TCA: 831.8 - CTA: 0.00 drft: 0.0 SD1ECCI49FECS80CFCE2 regional
srror allipse: rad:0.0. hd: 0.0 mjr 0.0 mnr: 0.0
lat 0.00 Ion:0.00 freq:6154 TCA: 1997-10-24 08:22:27.87
TCA: 831.8 CTA:0.00 drft: 0.0 npts: 2 prob: 0.000
errorellipse: rad: 0.0 hd: 0.0 mjir 0.0 mnr: 0.0
1st: -560, len: 51, conf:-3, wncw: 9 G_BIESM TEST =

2 [at:51.80 lon:28.47 freq: -526 - 1987-10-24 06:47:02.70
TCA: -5313.4 CTA: -8.37 drft: 0.0- 9D*ECC3I4SFECIS0CFCS2 gicbal - -
error ellipse: rad: 0.0 hd: 77.1. mjr: 0.0 mnr: 0.0
lat: 54 45 lon: -0.62 freq:-449 TCA: 1897-10-24 06:47:01.88
TCA: -5314.2 CTA: 9.23 drft: 0.0 npts: 3 prob: 0.500
error gliipse: rad: 2.0° hd: -60.1- mjr: 0.1 mnr- 0.0~
1st: -117, len: 4350, conf: 4, wndw: 0 G_B IESM TEST -

3 lat: 5442 lon: -0.68 freg: 430 1997-10-24 05:03:13.56"
TCA: -11842.1 CTA: 24.12 drft: 0.0 - SD1ECC34SFECSEACFCE2 global.
error allipse: rad: 1.0 hd:-38.7 mjr: 1.0 mnr 0.3 -
lat: 48.59 lon: 76.00 = freq: -564 TCA: 1997-10-24 05:02:20.77
TCA: -11538.3 CTA. -21.76 crit. 0.0 npts: 5 prob: 0.852
error eilipse: rad: 16.0 nhd: 50.5 mjr- 15,8 mnr: 4.6
1st: -110, len: 302, conf: 4, wncw: G 'G_B IESM TEST



2.4 KBRS Data
Sateilite: S4 46825 processed at; 1997-10-24 09:55:07.77
Pass AOS: 1997-10-24 08:37:51.10 pass LOS: 1997-10-24 09.53:38.90
Contents: 60 records, 53 located beacons, 7 unlocated beacons
Sateliite elements at epoch: 1997-10-24 09:55:07.22
sx= G370.0469 km, sy= -3498.8055km, sz= -507.9524 km
svx=  -1,27866 knvs, svy= -1.24374 km/s, svz= -7.31056 kmy/s
Frame count: 1747

1 12t 54.41 lon: -0.72 freq:-119 19897-10-24 06:37.32.08
TCA:-12.0 CTA: 588 drft: 0.0 SD1ECC349FECSD011478 regional
error ellipse: rad: 0.0 hd: 88 mir04 mnr04
lat: 57.98 lon:-18.35 freq: -101 TCA: 1887-10-24 09:37:38.73
TCA:-12.4 CTA:-5.28 drft: 0.0 npis: 4 prob: 0.803
error ellipse: rad: 4.0 hd: 426 mir35 mnr 3.4
1st: -108, len: 203, conf: 4, wndw: 0 G_B [ESM TEST

2 1at 000 1Ion:0.00 freg:-171 1997-10-24 07:56:52.86
TCA: 60588.2 CTA: 0.0 drft: 0.0 SD1ECC349FECSD011478 giobal
error ellipse: rad: 0.0 hd: 0.0 min0.0 mnr 0.0
lat: 0.00 lon:C.00 freq:-171 TCA: 1987-10-24 07:56:52.86
TCA: -6058.2 CTA: 0.00 drft: 0.0 npts: 1 prob: 0.000
error ellipse: rad: 0.0 hd: 0.0 mjr 0.0 mnr 6.0
1st: 0, len: 0, conf: 3, wndw: @ G_B IESM TEST

2.4 KBPS Data
Satellite: C6 03188 procaessed at: 1997-10-24 10:17:00.41
Pass ADS: 1987-10-24 10:04:40.15 pass LOS: 1997-10-24 10:16:31.79
Contents: 15 records, 11 /located beacons, 4 uniocated beacons
. Satellite elements at epoch: 1997-10-24 10:16:53.91
sSx = 3392.4397 km, sy= -2596.2583 km, sz= 5954.2622 kmn
svx= -3.90247 km/s, svy=  4.56153 kim/s, svz=  4.20797 knv/s
Frame count: 1242

1 lat: $4.43 lon: -0.71 freq: 428 1997-10-24 08:32:30.56
TCA: -5529.6 CTA:-5.89 drft: 0.0 8D1ECC349FECI80CFC52 global
error ellipse: rad: 0.0 hd: -63.5 mjn 0.1  mnr: 0.0
lat 56.43 lon:-22.37 freq: -388 TCA: 1987-10-24 08:32:28.99
TCA: -55631.2 CTA: 8.57 ¢rft: 0.0 npts: 8 prob: 0.826
error ellipse: rad: 17.0 hd: 81.7 mjr- 159 mnr: 8.5
1st: -233, len: 550, conf: 4, wndw: 0 G_B IESM TEST

2.4 KBPS Data
Satellite: S2 656347 processed at: 1997-10-24 11:52:00.61
Pass AOS: 1997-10-24 11:35:28.13 pass LOS: 1897-10-24 11:51:30.12
Contants: 8 records, 4 l/ocated beacons, 2 uniocated beacons
Satellite elements at epoch: 1997-10-24 11:52:00.04
sx=s 6598.6436 km, sys= -2060.6584km, sz= -262.0468 km
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svx= -0.92124 km/s, svy=- -1.42097 km/s, svz=- -7.32328 km/s
Frame count: 0

1 lat: 54.43 lon: -0.71 - freq: 457 1997-10-24 11:35:22.53
TCA: 6.6 CTA:3.57 drit: 0.0 -9D1ECC349FECE90CFCS2 bentpipe
error ellipse: rad: 0.0 hd:-76.2 mjr: 1.0 mnn 0.1
lat: 56.55 lon: -12.32 freq: -503° TCA: 1987-10-24 11:35:23.12
TCA: 6.0 CTA:-3.36 drft: 0.0 npts:5 prob: 0.718 -
errorellipse: rad: 2.0 hd: -686 mjr25 mnr0.2°
1st 78, len: 246, conf: 3, wndw: 1 G B IESM TEST

2 1at0.00 Ion: 0.00 freq: -6703 1997-10-24 11:37:30.36
TCA: 121.2 CTA: 0.00 ~drft 0.0 9D1ECCI49FECSDI1147¢8 bentpipe:
error ellipse: rad: 0.0 nd: 0.0- mir0.0 mnr 0.0
lat: 0.00 - lon: 0.00 freq: -6703 TCA: 1937-10-24 11:37:30.35 -
TCA: 121.2 CTA:0.00 drft: 0.0 npts: 2 prob: 0.000 -
errorellipse: rad: 0.0 hd: 0.0 mjn0.0 mnr0.0
1st: 48, len: 49, conf: 4, wndw: 0 G_B IESM TEST

3 1at:54.38 lon:-0.69 freq:4  1897-10-24 11:35:23.08
TCA:-6.0 CTA: 3.59 " drft 0.0 SD1ECC348FECS0073AFD bentpipe
error ellipse: rad: .0 hd:-72.3 mjrz 0.0 mnr: .0
lat: 56,53 = lon: -12.42 freq. 46: TCA: 1997-10-24 11:35:23.65 -
TCA:-55 CTA.-3.41 drft: 0.0 npts:3  prob:.0.500
error ellipse: rad; 0.0 --hd: -72.4 mjr: 0.0 -mnr: 0.0
1st: 82, len: 103, conf: 3, wndw: 1 G_B IESM TEST

2.4 KBPS Data
Satsllite: S6 14520 processed at: 1997-10-24 14:28:23.28
Pass AOS: 1957-10-24 14:13:08.13 pass LOS: 1997-10-24 14:26:00.59 - -
Contents: §records, & located beacons, . 9 uniocated beacons -
Satellite elements at epoch: 1897-10-24 14:28:22.74
sx= 3704.7700 km, sy= -1026.2809 km, sz= 6123.1553km .
svx=  -8.44848 km/s, svy= . ~0.77291 km/s, sve=  3.77046 kmi/s
Frame count: 0

1 lat 54.43 - lon: -0.70 freq: -266 - 1997-10-24 14:26:50.74
TCA: 822.6 CTA:-7.18 drft: 0.0 - 9D1ECC349FECSS0CFCS2 bentpipe -
error ellipse: rad: 0.0 hd:87.4 mir:0.3 mnr:0.0:
lat: 50.16 lon: -23.68 freq: -350 TCA: 1997-10-24 14:26:52.14 -
TCA: 824.0 CTA:7.5C. drfl: 0.0 npts: 5. prob: 0.810
error ellipse: rad: 1.0 hd: 94 mjin1.3 mnr: 0.2
1st: -240, len: 204, conf: 3, wndw: 1 G_B IESM TEST
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