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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. I 

The’assessment of the COSPAS-SARSAT-(CS) satellite system is presented inthis 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’ (JUTS) (of which there are over 30 world-wide). 
From the beacon signals, the LUTs then obtain beacon identification-a.nd.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 @KC) 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 5 1% 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. 

1t.wa.s found that more satellites detected beacons-during. daylight hours, hence, detection times .were 
slower at night.:- : This is due tothe 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, asseen 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, L 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:. 

l registration of land-based UK beacons,.in line with practice overseas, would first need to 
be sought; 

0 consideration should be given as to whether the Agency would .wish, to conduct its own. 
search and rescue activities; 

l the format of communication between the :UK MCC and the 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. INTRQDIJCTION 

1.1 Purpose of Document 

The.following report presentszthe evaluation and results from trials of the COSPAS-SARSAT (C-S) 
satellite system, undertaken in Otitober. 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 ah 
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-SarsatSy+temStudy 

The main objective. of the study was to determine, fimctionality, 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: 

(9 Through field trials, assess system tinctionality and petiormance. This included: 

l 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; 

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

l investigation as to whether, ifa 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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(ii) 

(iii) 

l investigation as to whether other factors, such as beacon warm up time and 
processing time, have a significant effect on detection times; 

l investigation of the reliability of the data link from the beacon to the ground 
segment; 

l 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; 

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

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. 

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

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

l operational requirements for implementation of such a system within the Agency. 
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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 r’ 

The message transmitted to the.MCC includes the identity of the beacon, Las well as two positional 
estimates, each-. with-, an associated probability.. The.. positional estimates and probabilities are 
calculated using ‘Doppler frequency. shifty.:: 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 tie 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 Lasharn,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 
PersonalLocator Beacons (PLBs). The lattertype 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 countriessuch as Russia and Canada. 3 There 
are also a number of organisations within the-UK that are interested the use of PLBs for lone worker 
safety purposes. 

2.4 Future Development of the C-S iystem 

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 + 
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 overl35,OOO 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 MEIz Beacon Population 

System ground segment participation has also continued to grow and there are now 29 nations * 
participating. In July 1997, 19 MCCs in 19 countries and 3 8 LUTs 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. 
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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 
C6 Nadezda-3 March 1991. In operation 
C8 Nadezda5 Projected 1998 Ready for- launch 
s2 NOAA-9 December 1984 In operation 
s3 NOAA-10 September 1986 In operation 
s4 NOAA-l 1 September 1988 hi operation 
S6 NOAA-14 December 1994,. Jn operation 
s7 NOAA-K Projected 1998 Ready for launch 
S8 NOAA-L Projected 1998 .: End of.test phase 
s9 NOAA-M. To be determined 
SlO NOAA-N To be determined 
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3. DESCIUPTION 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. 

VALLEY 

VISIBILITY 

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 I. 

The trials were divided into two sets of test: 

(0 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; 

l 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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0 assess the performance. of the system if a beacon is activated during a satellite : 
pass; 

l to assess the reliability of data throughput and identify any gaps where detection, 
of the beacon did not-occur wheti expected.- 
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ANALYSIS METHOD AND RESULTS 

4.1 Data Output 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. 

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 corn 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 

w  v w  V )Time 
1 Pm 1.30 pm JP 3.30 pm 4Pm 

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) 

()1:3(-j _---~~__----L~~____-____________________-~~-~ 

T 
01:*5t--------------------------------------------- 

01:oo 

00:45 

00:30 

00:15 

0o:oo 

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) 

oy:o() -------------------------------------- 
&-:f)o _----______-_____--___________________ 

- I 

@j:o() -------------------------------------- 
()4:oo --1---------------_---------________ 
()3:o() ---_L__-__--~~~__---__________________ 

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

ii) 

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 (hkmm) 

0o:oo 

Site 1 Site 2 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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Detection 
Time(hh:mm) 

03:oo 

Site 9 Site 10 Site 11 Site 12 Site 13 Site 14 Site 15 Site 16 

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 shifted to the left. Thisshows that it is more likely 
that an activated beacon will be detected within a shorter time-period during the working .day. For 
example, 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 within 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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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 I’ 
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 I 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 i 
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 fi-om 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 zkilometres in error 
(demonstrated in-Appendix XI) .and it is therefore..very likely that an organisationlwill be able to 
confirm which estimate is right. Furthermore, probabilities. in the vast majority of cases clearly 
indicated which estimate was correct. Only in approximately ,I 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 order--to 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 thelatter 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. lo-and 4.11. 
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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.1 
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,& 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 ’ 

WINDOW NARROWI 
START OF PASS 

WINDOW NARROWING :. 
END OF PASS 

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 dueto three.main factors: 

i)i. terrain local to the beacon-will have an effect because if the satellite: visibility window by 
the beacon is narrower (see figure 3. l), less data bursts will be received; 

ii> satellite elevation angles w-ill 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 ismore likely to disrupt 
the RF signal, causing a reduction in link performance; 

iii) 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 :&is. will. be: 
negligble, 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 

WINDOW NARROWIN 
START OF PASS 

WINDOW NARROWING 
END OF PASS 

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 possibleto identity dump data 
and establish-the time when the beacon was first seen by the global satellites, the inclusion of Spanish 
global mode data wouldnot 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. i 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, b oeostationary 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-& 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 till-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. 

Technical Report W 129 
(K&D Dot W212b) 

Page 25 . . 



5. IMFLEMENTATION ISSUES 

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

0 registration of land based beacons within the UK; : 

beacon procurement; 

l co-ordination and responsibility for search and rescue activities for the Agency; 

0 alert-reporting mechanism and system from the C-S system to the Agency. 

0 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 
I nlvnher of nther rnlmtriec thrgl~nhnl~t the xrmrlrl .,b I*uA**“Y1 z “111”A ““U1I..A1VY .I_ “b”““’ L.lY ,. “*au. I& appr,pl nf lam-l haad heaCnnc.xxrill be the ..aA YZ A.a*Iu “WYYU “YU “IA” . ..A.. 

first major step to utilising the C-S system. In particular, the-use of land based beacons in the, UK 
will require .the support of th, A wUVyIUcIVI~ vI P A~cndatinn nf CI-&$folir~ nffip~rc /ApPn\: whn DIP ~nq~~rrd thslt .&WY V-Y”.” \*‘-A. v,, ..II” cyY.Y”I ““IA1V.. ..*uc 

if the use of PLBs isnot properly- regulated, a large number of untrained users may activate them for ... 
minnr inatancoc that .dn nnt r~n~ir~ immdiste wearr-h ggv-l ~P~CIIP reannncmc IA.AA.“L UALYI AAYV” .LA.a.., ..” I&V.. “‘1 AA” UAY~AV..IU.I YVUIYII I.. ALI” U” A “yu’wv”. However, problems of 
this nature. have not been reported abroad and considerable success has been seen. In addition, -a 
mlmher nf 1% nrw&&ns llU.AI”“I v* v L “‘b&u ha\ IP wrpnxced an intm-c-et in IIC~,, PL,Rs &ba the C-S ,ysteFx. Y “‘L A”“” WA AA1.V. Y” -A U” A m LL ““7 

ordinated effort with the support of the UK Search and Rescue Committee (UKSAR) will be needed. 
to brig about the approval required. Close liaison with L??W%Rneeds 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 
\xrhncp hmvnnc are armrnwd hv tly r-C crratem /rfICPA C-C AR C AT .I.““” “YUV”1A.u u Y uyy.v I vu “J c. ” v Y “JYLV”’ \--us I xu “l lu.“I LA, !???j x+~x~!d be ~esessqr. It 

is essential that beacons- are -type approved to ensure. compatibility. of the 406 MHz beacon signals 
with the system. The responsbJ1, i i *tv for type zpprsx~d +s x,&h i~&/id& State. A lict of ~ppfox/& LA LA”&. 

suppliers can be gained from (COSPAS-SARSAT, WWW). Beacon costs vary with ‘supplier, but at 
the time of writing, they are estimated to be 5600 each. Ilo .J”. WA, . . .._ 1 LaLbvLxW, xx amr the Anenrxr y/z ahl, tn vA.a. cv purchase 
test.beacons at a considerable discount (&4OO) and it is likely that. similar or larger distiounts 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 
zp nrwanigstinn 11ciqo tip P-S systeF* &q&j J “I~u.ALL U*I”IL U.S.. D CI ” v provide the MCC with &I1 i~~n++ation details of all II LUYL CA A.8 
its beacons as well as providing contact numbers and addresses to -be used in the event of an alert. 
At +hic stage it is thougk that, should the LAAgenqr v&h to use the C-S system, the Agency may dell LLIC CAY” 
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 bJra xm PC itc qnrq-ql CpQ& 2nd prox&+ fill1 a+ A;tta &-&y YY ICY I v I I I ” v *uII ..+I” L u 

to an Agency point of contact. 

If the Agency were to ‘co-ordinate its own search and rescue activities, consideration. should be given 
tn the ~‘a,= nf *I- homer frequency trans,mitted by the beacons. ” &II” MY” “A c IY Ajl z A The Agency may wish to use its o:vn ” 
frequency, in which case licenses would be required. Purchase of direction fnrding @F) equipment 
would also be necessary. This:would use the homer fi-eqLeAAW., VL W-L I m-w nf the &ac,copA t,o accict in the aearrh UYYIYC *IA &..I” u”u*Y.* 

for the activated beacon.- It is therefore recommended- that, prior to any moves -to use the. CS 
system further consideration to homer frequencies and the use and study of DF equipment should be 
given. 



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 
staE 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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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 findiigs of theinitial 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 pen-n&ted 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 adequateto maintain the system perhormance seen.on our trials. Although coverage gaps of : 
a few hours were seen, it is thoughtthat 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. withinl:78 km of the true 
location, compared to 44% at a site by the side of a clifl-)i.where the visibility-window was severely 
rptyjrterl IpA z-jditinp tn thic it YL.“U. I_C1” A *v CI u, TX~E mntm-l that tv-,citijpgJ g~urq increases 2s more hearnn bursts ..U” IIVCYU * UC y”“” IY “VUVVA. 

are received. Therefore, as a search ‘and rescue team is being mobilised, it will, be possible ‘to 
sont~Aua& Iwdato thp irafopatinn naacd to.tlp ~~~-IIP twmm J “y”u*’ c&I- I-Y -A-UC “ALI yuudA‘ c thwnhv r&&g the Erea in x,x&&they î  v -4.zYu” C”U”L, cii”-““J 

will need to search. 

Data received from a geostationary satellite being.evaluated by C-S for full-scale inclusion into the 
cxmtm-n nrac 9scecced in the ,tpl& “j”...dIAA Sf &+a .a dYd., -A&=hough t?+ ammmt nf (-jE(-jLLT d-t, ii _ C^ v s&*--“uIA* VI 9 9 TXTP rcw&mcl ~179~2 small aqrl __...“A 1 vu . . U” YlAlSil L b. 

it included beacon data -from a flat open site only, it .was -encouraging to discover that the 
g.e&atiopq~ atdl?~ detected tl?pi h. “h -L--Y ~arc\n immo&9telw it 7x72~ tiimwl nfl mv! did not !nfp d&t nf& duuvi*i Y^--*“I-IUL *, ^C “l&Y GA---I V-I .-^I_ -A- --a* ^--- -‘3-fC - 

until the beacon.was deactivated. The detected beacon was on the‘edge of the satellite’s footprint, 
where the elevation angle. is only- about 3.5”. 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 
LLq is &en det~c=fd cm 9 nr&m~~ c~f-l!&~ ngss by a fore&g LT,sT &cd &fi messages are pass& *-VA* b+w”w-*4- -*- 4 p..,*-..- --“r *-̂ -- Iu’” 

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 
~nd~r~ttpdin~ of the iss~~es that xxrn~~lri nPed to be considered b, ri-C _-b -“-, , L--V LLII -=<4v* “‘+‘dx*~ 1--e” ..VI-IC ---b. XI the .Anen~xr shn111rl it wish tn IICP , .__lj __ _“_ 

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. _&J &her T,rK org~&&,ions 2~0 haye s,n iqtwmt ipz 4LxIv. -1 a*-c4* bdl 
achieving this, there will be further support within the UK for obtaining the approval required. 
&xons used by +ihe -Agency would need to be appro& by the C-S orgE&at;on mzd &t& of 
contacts in case of activation of Agency beacons would need to be supplied to the UK IMCC. The 
method of information flow fro- +hp %ICC will n--A +A be II* CIIY i rnn&-bn=J qd ipa pa&l&r, c~&J! ilYVci iv Y”.I”-~“.“u bL 
consideration will need to be given if the Agency would prefer to conduct search and rescue 
activities for its own workers. 
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APPENDIX I 
DETAILS OF TRIALS SITES 

Table 1.1 List of Trials sites 

SITE NAME TERRAIN 

Wales 
1 
2 
3 
4 
5 
6 
7 
8 

Pass of Aberglaslyn Severe Wooded Valley 
Pass of Aberglaslyn Severe Valley 
Pass of Llanberis U-Shaped Valley, Clear 
Dnvs-y-Coed U-Shaped Valley, Clear. 
Airflrld-Morfa Dinhe::’ Wide Open 
Bryn-y-Fawnog, .: High.Undulating Wooded 

Hafod-y-Llan U-Shaped Valley, Scrub 
PontGethin Valley - Dense Wood 

Yorkshire.: 
9 Darnholm (Nr Goathland) 
10 Darnholm 
11 Greenlands Farm .- 
12 Abbots House Farm 
13. Levisham Mill Farm. 
14 High Muffles 
15 Littlebeck 
16 Staithes Lifeboat Station 

U-Shaped Bowl, Open 
Gorge, Scrub- 
Semi-table:top, open 
Undulating Scrub 
Severe Valley, Open 
Wooded Plateau ., 
Deep Wooded Valley 
Between cliff and house 



APPENDIX II 
CELLULAR COVERAGE AT TRIALS SITES 

Table 11.1 Digital Cellphone Reception at Trials Sites 

SITE TERRAIN DIGITAL CELLPHONE RECEPTION 

Wales 
1 
2 
3 
4 
5 
6 
7 
8 

Severe valley, dense woodland Not Tried 
Severe valley Yes 
U-shaped valley, uncluttered Yes 
U-shaped valley, uncluttered Yes 
Wide open Yes 
Undulating - densely wooded NO 

U-shaped valley - scrub NO 

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 Cliff Not Tried 

II 



APPENDIX: III 
DETAILS OF BEACON 

Table 111.1 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: 5W+2dB 
Modulation: Phase modulation-of 1.1 + 0.1 radians 
Short Term Stability: I 0.002 parts/million/minute 
Medium Term Stability: I 0.001 parts/million/minute 

NOTE: 121.5 MI-Iz~ or other homing frequency (25 mW) available, as 
authorised by national authorities.. 

General 
Packaging: 

Operation: 

Test codes used 
in trial: 

Case: High impact resistant plastic 
Colour: High visibility yellow 
Carrying Case: Red carrying case with belt loop 
Antenna: Foldable tape antenna (requires deployment) 
Weight:. 490 g 
Diemensions: 16Ox55x9Omm 
Modes: Switch, Off and Test 

Two conscious actions required for ON- 
Flashing light indicates correct operation 

Operating life: Minimum 48 hours at -2O”C/ 24 hours at -40’ 
Operating temperature:. -40°C to +5YC 
Storage temperature:. -5O”Cto +7O”C. 
Battery replacement: Every 4 years’. 

9D 1E CC 34 9F SDO-. 
9D 1E CC 34 9F 9DO 
9D 1E CC 34 9F 990 
9D 1E CC 34 9F 900 

III 



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: 

. 

. 

a 

. 

. 

. 

. 

. 

. 

. 

. 

0 

. 

. 

Pass Number (Each orbit for each satellite has a unique number assigned to it). 
Satellite Identification 
Date 
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 (CSDO, C900, C990 or C9DO) 
Number of bursts of data received 
TCA (Time of closest approach to the beacon) 
Latl and Long1 (Calculated positional information) 
Prob 1 (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) 
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 ?S I-IpUR TRJAL 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 1 hour 2 hours 3 hours 4 hours 5 hours 

9- 
10 
11 ‘., 
12 
13 
14 
15 
16 .: 

Wales 
Severe Wooded Valley 
Severe Valley 
U-Shaped Valley, Clear 
U-Shaped .Valley, Clear. 
Wide Open 
High.Undulating Wooded 
U-Shaped Valley, Scrub 
Valley - Dense Wood 

Yorkshire:. 
U-Shaped Bowl, Open 
Gorge, Scrub 
Semi-tableitop,, open 
Undulating Scrub 
Severe Valley, Open 
Wooded Plateau 
Deep Wooded Valley 
Between cliff and house 

31 54 80 88 
42 70 99 100 
39 65 91 96 : 
42 67 95 100 
56 82 99 100 
41 67 91 99 
36 61 85 91.. 
51 76 94 100 

32 59 86 91 
28 53 82 90 
53 82 100 100 
38 57 72 79 
35. 58 81 90 

44 72 94 98 
33 53 67 74 ” 
16 29 45 50 

96 100 
100 100 
99 100 
loo- ‘. 100 :... 

100 .’ 100 .. 
100 100 
97 100 
100 100:. 

95 99 
95 99 
100 loo- 
83 85 
94 96 
100 100 
79 83 
54 59 ‘. 
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APPENDIX VII 
DETECTION DELAYS FOR TYPICAL WORKING DAY (7AM TO 7PM) 
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APPENDIX Vlll 
DETECTION PROBABILJTIES FOR TYPICAL WORKING DAY 

Site No Terrain 30mins 60mins .12Omins 18Oniins 240mins 300mins 

Wales 
1 
2 
3 
4 
5 
6 
7’ 
8 

Severe W0oaed Valley 
Severe Valley 

U-Shaped Valley, Clear. 
U-Shaped Valley, Clear 

Wide O&e 
High Undulating.Wooded .’ 
U-Shaped Valley, Scrub 

Valley - Dense Wood 

Yorkshire‘ 
9 U-Shaped Bowl, Open 
10 Gorge, Scrub. 
11 Semi-table-top, open 
12 Undulating- Scrub 
13 Severe Valley, Open 
14 W00dea Plateau 
15 Deep Wooded Valley 
16. Between cliff and house 

0.37 0.64 0.90 0.94 0.99 1.00 
0.44 0.72 0.99 1.00.. 1.00 1.00 
0.46 . . 0.73. 0.98 1.00 1.00 1.00 
0.41 0.68 0.96 1.00 1.00 1.00 
0.64 0.87. 1.00 1.00 ‘- 1.00 ‘. 1.00 .. 

0.48 0.76 0.97 1.00 ‘. 1.00 1.00 
0.42 0.70 0.92. 0.96:. 1.00 .‘.. 1.00 
0.61 ‘.:b 0.87 1.00 1.00 1.00 ‘. 1.00. 

0.39 0.73 1.00 1.00 1.00 ” 
0.36 0.67 0.95 1.00 1.00 i 
0.59 0.86 1.00 1.00 1.00. 
0.52 0.79 0.97 1.00 1.00 ” 
0.47 0.76 0.96 1.00 1.00 
0.53 0.84 1.00 1.00 1.00. 
0.42 0.66 0.83 0.88 0.92 
0.29 0.51 0.72 0.78 0.84. 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.97 
0.91 







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; Gmins Longitude: -4 degrees, 20 mins 

HrsO 1 234567 8- 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

5 Oct.97 
Sat- 
S2" 
s3 
s4 
S6 ** 
c4 
C6 

6 Ott 97 
Sat 
s2* 
53 
54 
s6 * 
c4 
c6" 

7 act 97 
Sat 
s2 
s3 
s4 
s6 ** 
c4 
c6 

** ** ** ** h ** xx ** ** * 
** ** ** ** xx * * * * 

* ** ** * * * * ** ** * 
** ** ** ** * * ** ** ** 

** ** ** ** * * xx * ** ** 
x-k ** ** * * ** * ** 

* * * * * * * x-k 
** ** ** ** * * * ** * 

** ** ** ** ** * * * ** 
* * * * * ** ** ** * 

** * ** xx * * * ** ** 
** ** ** ** * * ** ** 

8 Ott .97 
sat 
s2 
s3 
s4 
s6 * * 
c4 
c6 

9 Ott .97 
sat. 
52 
s3 
s4-* ** 
s6 
c4 
c6 

10 Ott 97 
Sat 
52 * 
s3 
s4 
56" ** 
c4 
C6 

** 

** Xk 

* 

* 
** 

** 
* 

** 
** 

* 
* 

* 
** 

* ** ** ** * * * * 
** * * ** ** ** * 

* * * * * ** ** ** 
** * * * * ** 
** ** * * * ** * * 
* * ** ** * * ** ** 

* ** ** ** * * ** ** 
* * * ** ** ** ** 

** ** ** * * x * * 
* * ** ** ** xx 

** ** 

** 

* 
** 

* 

** 

** 

** 

* 

** 

* 

* 

x-x 

** ** ** * ** * ** x* 
** ** ** * * ** * ** * 

* ** * * * * ** ** ** 
* * * * * ** ** xx x* 
** ** * * * * * * 

** ** ** ** ** ** xx xx ** ** 
** * ** ** * * * ** ** * 

** ** * ** * * xx ** xx ** 

** xx ** ** * * * * * 
** xx ** ** ** * * * * 

* * * * * * ** ** ** * 
** * * * kk ** ** ** * 

* ** ** * * * xx ** * 
* * ** ** * * ** ** ** * 
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Predicted Satellite Schedule for Trials Week 2: Yorkshire 
Latitude: 54degrees, 20 mins Longitude: 0 degrees, 43 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 
. 

19 Ott 97 
Sat 
s2 * ** ** ** ** * * * 
s3 ** ** ** xx ** * * * * * 
s4 * ** ** ** ** * * * * 
56 * * * * * * ** ** ** ** 
c4 * * ** ** * * * ** ** * 
C6 * ** ** * ** * ** ** 

20 act 97 
-Sat 

s2** 
53 * 
S4 
S6* ** 
c4 
c6 

21 act 97 
Sat 
52" 
53 
s4 
s6* ** 
C4 
C6 

22 Ott 97 
Sat 
52 

* * * * * ** ** 
** xx ** ** * * * * * * 

** ** * * .* ** ** ** 
** ** * * * * * * 

** ** ** * xx * ** * ** ** 
* xx ** * ** * ** ** ** 

* ** ** * * * * 

** ** ** * * * xx ** ** * 

* ** ** * * * * * 

** ** * * ** ** ** ** * 

** * ** ** * ** * ** ** * 

** ** ** ** * *x * -k-k ** 

** x-k 

** * 

* * 

** ** * 

** ** 

** 

* 

* 

x* ** ** ** ** * * ** 

s3 * * * * * * ** ** ** ** 
s4 xx *x ** ** ** ** ** ** ** 
S6 ** ** ** * * * * * * * 
c4 * * ** ** * * * ** ** * 
c6 * ** ** * ** * xx ** * 

23 Ott 97 
Sat 
s2 * * * * * * ** ** 
s3 * * ** * * ** ** ** ** ** 

* * 

* 

* 

54 * * * * * * ** ** ** ** 

,56 ** ** -k* ** SC* k+z ** k.k A.* xe 

c4 ** ** ** * ** * ** * ** x-k 

c6 * ** ** * ** * ** ** ** ** 

** ** 

** 

* 

** ** 

24 Ott 97 
Sat 
52 * xx ** ** * * * * * 
s3 *t ** ** ** ** * * * * * * 
54 * ** ** ** * * * * * * 
56 * ** ** * * * * ** * * 
C4 ** ** ** ** * ** * ** ** * 
c6 ** ** ** ** * ** * ** x-k * 
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Predicted Satellite Schedule: Wales (2nd to 10th November 1997) 
Latitude: .’ Hdegrees, 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 Nov 97’ 
Sat- 
s2 * 
s3 
s4 
56 ** 
c4 
c6 

6 Nov 97 
Sat 
52 
s3. 
s4 
s6 * 
c4 
C6 

7 'Nov 97 
Sat 
52 

* 

** ** 
** ** 

* 

* 

* * 
* ** 

** 

** ** xx ** * * * * * * 
* * * * ** ** ** ** 

* * * * * * ** ** f-k * 
** ** ** ** ** ** ** 
** ** * ** * ** ** * 
* ** ** * * * ** ** * 

** ** ** * * * ** ** ** ** 
* * * ** ** ** ** ** 

** ** ** ** * * * * * * 
* * * * ** ** ** 

** * * ** ** * 
** ** * * * ** * ** ** 

* * ** * * * * ** 
53 ** ** ** ** xx * * * * 
s4 ** ** ** ** * x* ** ** ** 
s6 x-x ** ** ** * * ** ** ** * 
c4 * ** ** * ** * ** ** ** ** 
c6 ** ** ** ** * ** * ** ** 

a Nov 97 
Sat 
52 * ** ** ** ** * * 
53 -k* ** ** ** * * * ** * 
s4 * * ** * * * * ** 
s6 * * * * * * ** xx ** * 
c4. ** ** ** ** * 
c6 * * ** ** 

** * ** ** * 
* * * ** ** 

9 Nov.97 
Sat 
s2 * 
53. * ** ** ** 
54 ** ** 
56 ** *SC XX -k-k * 
c4 * ** ** * 
C6 ** ** xx 

10 Nov 97 
Sat 
52 ** 
IS3 * * * 
s4 * * 
s6 * * * * * 
c4 * ** ** * ** 
c6 ** ** ** 

** 
* 
** 

* 

* 

* 
* 

* 
* 
* 

** 

** * * * ** 
* ** ** ** 

** ** * * * 
* * * * 

* ** ** * 
* * ** * ** 

** ** * * * 

* 

** 

* 

** 
* 
** 

** 

* 

* 

** 

** 

* ** 
* ** ** ** ** 

* * * ** ** ** ** 
** ** ** ** 

** ** ** ** 
* ** ** ** ** 

** 

** 

* 
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Predicted Satellite Schedule: Wales (5th to 10th June 1998) 
-Latitude: 53 degrees, 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 JUN 98 
Sat 
52 * ** ** ** ** * * * * * 
s3 * * * * * ** ** ** ** 
54 * ** xx * * * ** ** ** ** 
56 ** xx ** ** ** * ** ** ** ** 
c4 ** ** * ** * ** * ** ** * 
C6 * ** ** * x-x * ** * ** ** 

6 JUN 98 
Sat 
s2 * ** ** ** ** * ** ** ** ** * 
s3 ** ** ** xx ** * * * * 
s4 * ** ** ** * * * * *x * * 
S6 * * * * * * ** ** ** * 
c4 * ** ** ** * ** * ** ** * 
C6 ** ** ** ** * ** * ** ** * 

7 JUN 98 
Sat 
s2 * 
s3 
s4 
S6- ** 
c4 x- 
C6 

8 JUN 98 
Sat 
s2 
s3 
54 
S6 * 
c4 ** 
C6 

9 JUN 98 
Sat 
s2 
53 
54 
S6 xx 

* * * * * * * ** ** ** 
* ** ** ** * * * ** * 

** ** ** ** * * ** ** ** ** 

** ** ** * * * ** ** ** 

** ** * xx * ** ** * * 

* ** ** * * * ** ** * 

* ** ** ** ** * * * * * 
** ** ** * * ** ** ** * 

* * * * * * ** ** ** * 
* * * * * ** ** ** ** 
** * ** * ** * ** ** * 

** ** ** * ** * ** * ** ** 

* ** ** ** * ** ** ** xx 
* * * * * ** ** ** ** 

xx ** ** ** * * * * * * 
** ** ** * * * * * * 

c4 * ** ** xx * ** * ** ** * 
C6 ** * ** ** -* * * xx ** * 

10 JUN 98 
Sat 
s2 * * ** * * * * ** ** ** 
s3 * xx ** ** * * ** ** * 
s4 ** ** ** ** * ** ** ** ** ** 
56 * ** * * * * ** xx xx ** 
c4 * ** ** * k-k * ** ** * * 
C6 * ** ** * * ** * * 
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Predicted Satellite Schedule:-Wales (5th:to 10th June 1999) 
-Latitude: 53 degrees, 6 mins Longitude: -4 degrees, 20 kns 

Hrs 0 12 3.4 5 6 7 8 9 10.11 12 13 14 15 16 .17 18 19 20 21.22 -23 

5 June 99 
Sat. 
52 ** 
s3 
s4 
S6 ** 
c4 
c6 ** 

6 June 99 
Sat 
52 * 
s3 
54 
56 * 
c4 
c6 * 

7 June 99 
Sat 
s2 .* 
s3. 
54 
56 * 
c4 
C6" ** 

8 June:-99 
Sat:. 
52 
s3 
54' 
S6 * 
c4 
C6 ** 

9.June 99 
Sat 
s2. * 
s3 * 
s4 * 
s6 ** 
c4 
C6 * 

10June.98. 
Sat 
s2 ** 
s3 
S4 
S6 ** 
c4 
C6 ** 

. 

* ** ** xx * * * * * 
* xx ** ** * * ** xx ** * 

** 

* 

* 

* 

** 

** 

* 

** ** xx ** ** * ** ** ** ** 
** ** ** * ** ** ** ** 

* xx ** * ** * ** ** ** ** 
* * ** ** * * * ** xx 

xx ** ** ** xx * ** ** ** * 
** * * * ** ** ** ** 

* * * * * * * ** ** ** 
* * * * * ** ** ** 

** ** * ** * ** * 
** *xx ** * * * 

* * * * * * * 
* * * ** ** ** ** 

* ** ** ** ** * * * 
** ** ** * * * ** ** 

* * ** ** * ** * ** 
** ** ** ** * ** 

** ** xx * * 
** ** ** ** * * * * 

** ** * * * ** ** 
* * * * * ** xx ** * 

* ** ** * ** * ** ** 
* * ** ** * * * 

** ** * 
** * * 

** ** ** 

* * 

** * 
* ** 

* * * 

** ** 

* ** 
** ** 

** ** ** xx * ** ** ** ** 
** ** ** * * * * * * 

* ** ** * * * * ** ** * 
** ** ** * * * * * * 

** ** * ** * ** * ** xx ** 
** ** ** * * * ** * 

* * * * * * ** ** ** 
xx ** ** * * ** xx ** * 

** ** ** ** * * * xx ** ** 
* * * * ** ** ** ** ** 

* ** ** ** * * * ** ** * 
xx * ** ** * ** ** ** * 
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Predicted Satellite Schedule: The Lizard 
Lat: 49 degrees 48 Mins, Long: 

Hrs 0 12 3 4 5 6 7 8 9 
. 

19 Mar 1998 
Sat 
s2 * ** 
53 ** ** ** ** 
s4 * ** 
S6 kX k* fc* ** 
c4 ** * 
C6 ** ** ** 

20 Mar 1998 
Sat 
52 * * 
s3 * ** ** ** 
s4 ** ** 
56 * ** * * 
c4 * 
C6* xx ** 

21 Mar 1998 
Sat 
s2** 
s3 * ** 
s4 
S6 * *.* ** ** 
c4* ** 
C6 XX 9~9~ * 

22 Mar 1998 
Sat 
s2* 
53 * * 
54 
,56 * *A ** XX 
c4** * 
C6 ** xx ** 

23 Mar 1998 
Sat 
S2" 
s3 xx ** 
s4 
56 ** ** ** 
c4 * 
C6 ** ** 

24 Mar 1998 
Sat 
52 

* 

* 
* 

* 

** 
** 

* 

s3 ** ** ** 
54 * 
S6 ** ** ** ** 
c4 ** 
C6”* ** * 

* 
** 

* 
* 

18 March to 6 April 1998. 
-5 degrees 

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

** ** ** * ** ** 
* * * * 

* * * ** ** ** * 
* * r * * 

* ** ** * * ** ** 
** ** * ** 

* * * ** 
* xx ** ** 

** ** * * 

** ** *x ** 

** ** * * 

* ** ** xx 

** ** ** * 
** .’ ** ** ** 

* * ** ** 
* 4 ** * 

** ** * ** 
* ** ** * 

** ** ** xx * 
* ** ** ** * 

** ** * * ** 
** ** ** ** 
* * ** * * 

** ** * ** 

* 
** 
t* 

* 
** 

* 

25 Mar 1998 
Sat 
s2 
s3 ** ** ** 
s4 * ** 
S6 * ** * * 
c4* * 
C6 * ** ** 

* * * ** 
* * * * 

** ** * ** 
* * ** ** * 

** ** * * 
* * ** ** 

** ** ** * * 
* * ** * 

* * * ** 
** ** ** ** 

** ** * xx 
* ** ** * 

** ** ** * * 

** ** ** 

** ** * * * 

** ** ** * 

* * ** * 

** ** * xx 

** 

* 

** 

* 

** 

* 

** 

** 

** 

** 

** 

* 

** 

* 

** 
* 

* 

k-k 

xx 

* 

** * 

* 

** 

** 

** 

** 

xx * 

* 

** ** 
** * 

** ** 

** 

xx xx 

* 

* * 

** 

** * 
** 

xx ** 

* 

* ** ** 

xx * 
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Hrs 0‘ 1 2 3. 4'5 6 7 

26 Mar :1998 
Sat 
s2 * 
53. * * '* 
S4 
S6 ** ** 
c4 * 
C6. ** ** 

** 
** ** 

27 Mar ,199s 
Sat 
s2 * 
s3. * 
s4 
S6 * * 
C4 ..** 
C6* ** * 

28 Mar 1998 
Sat- 
s2 '* 
s3 ** 
54. 
s6 St* k-k 

c4 ** 
C6. * ** ** 

* * 
* 

* * 

** ** ** 

X* 

29 Mar.1998 
Sat 
s2** 
s3 ** 
54 . . 
s6 * * * 
c4* 
r-6 *xX X* 

30 Mar 1998 
Sat 
S2" 
53 ** 
s4 
s6 * ** ** 
c4 ** 
c6 ** * 

31 Mar 1998 
Sat 
s2 
s3 * 
54 
,cj,j k SC* -k* 
c4 ** 
C6* ** ** 

1 Apr 1998 
Sat 
52. 

** 

** 

* 

** 

** 

* 

8 9 

* 
* 

** 

** 
* 

** 

** 

xx 

** ** 

* 

* 
** 

* * 

** 
** * 

** 

* 
** 

* * 

s3 * ** ** 
s4 * 
s6 ** ** xx * 
c4 
c6 X* kt 

** 

** 

** 
* 

** 

* 

* 
* 
* 

10 11 12 13 14 15.16 17 18.19 20-21 22.-23 

* * * ** ** ** 

** ** ** ** 

* * ** ** xx ** 

* * ** * 

** ** * * ** ** ** 

* * ** ** * * 

** ** ** * * * 
* ** ** * 

xx * ** 
** ** ** ** 

** * ** 
* xx ** * 

** ** x 
* * * * 

** ** * 
* * * * 

* ** * 
** ** * ** 

* * * 
* ** ** 

* * ** 

** ** ** ** 

** ** ** * 

* * xx ** 

** 
* 

* 

** 
** 

** 

** ** xx 
xx ** 

** ** 
* * * * 

** * ** 
* ** ** 

t* ** * 

** ** 

k* ** 

** xx ** ** 

* ** * 

** ** ** 

k ** * * 

* * * 

k * * 

* * ** * * 

** ** ** * 
* * ** ** 

** ** * 

* xx ** 

** 

** 

* 

* 

xx 

** 

x-k 

* 

** 

* 

** ** 

** * 

** ** 
* * 

** ** * 

** ** 

** ** 
* ** 

* * * 

* * 

* ** ** 
** 

** ** xx ** 

** 

** ** ** 

* ** ** * 

* ** 

* ** ** ** 

* 

** ** ** 

** *x * 

* ** 
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Hrs 0 1 2 3.4 5 6 

2 Apr 1998 
Sat 
s2 
s3 ** xx ** 
s4 * 
S6 ** ** ** * 
c4** 
C6 ** * 

3 Apr 1998 
Sat 
s2 * 

7 8 

** 
** 

** 

53 ** xx ** * 
s4 
56 * ** 
c4 ** 
C6 ** ** 

** * 

4 Apr 1998 
Sat 
52 ** 
s3 * 
54 
s6 ** ** 
c4 
(33X” -k* 

** * 

** ** 

5 Apr 1998 
Sat 
s2 * 
s3 * 
s4 
s6 * * 
C4" 
c6 * * 

* * 

* * 

** 

* 
* 

** ** 

** 

** 
* 

6 Apr 1998 
Sat 

s2* 
53 * 
s4 
56 XX 9c.k 
c4** 
,-3j A-t ** 

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

xx *ix ** * * 

* * * * 
** ** * * * 

** ** ** ** 
** ** ** 

** ** ** * 

** 

** ** 
* * 

xx * * 

* ** ** 

* * ** ** 

* ** xx * 

* ** * * 

** ** ** * 

** * * 

* 

* 

* 

** 

* 

x-k 

xx 

** 
** ** ** ** 

** * * ** 
* ** ** ** 

** ** * ** 
* * ** ** 

** ** ** 
** ** 

** ** 
** ** ** 

** ** ** ** 
** ** 

* xx * 

** xx ** * 

* * * * 

** ** * * 

** * ** 

** ** 

** 

* 
* 

* 
* 

** 

* 
** ** 

* ** 
* 

* 
* 

** 
* * 

** ** 
* 

* * 

* 

** xx 

** * 

** 

** 

** 
* 

** 

** 

** 

* 
** 

** 

* 

** * * 
** ** 

* * 

** * 

** ** 
** ** 

** ** * 

** ** 

* ** ** * 
* * ** * 



Predicted Satellite Schedule: Newcastle 19 March to 6 April 1998:: 

Lat: 55 degrees Long: -1degree -36 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 

19 Mar -98 
Sat 
s2. * ** ** ** ** ** * ** xx ** 
s3 ** xx ** ** * * * * * * 
s4 * * * * * * * ** ** ** * 
S6 * ** ** ** * * * * * * 
C4 ** ** * ** ** * ** * ** ** 
C6:. ** * * * ** ** * ** * ** 

20 Mar-98 
Sat 
s2 ** * * * * * ** xx ** ** 
s3 * ** ** ** * *. * ** ** ** 
s4 
s6 *+c *X 
c4 * * 
c6* ** 

** 

** 

** 
* * 

** xx ** * * * 

** ** ** ** ** 

* ** xx * ** 

* * ** x-k 

* ** * 

* ** ** * 
* ** * 

21Mar 98. 
Sat 
s2 * 
53 * 
s4 
56 * ** 
c4 ** 
(3j ** h* 

22 Mar.98 
Sat 
S2". 
s3 
s4 
~6.9~” ** 
C4"" ** 
C6 ** * 

* 

** 

* 

* 

** 

* 

* * 
** 

** * 

* 

** 

23 Mar.98 
Sat. 
s2*- 
s3 ** ** 
s4 
S6 * * 
c4 * * x* * 
C6 ** ** 

24.Mar.98 
sat 
52 ', 
s3.. ** ** 
s4* xx ** ** 
S6 
c4 ** 
C6”” +c* * 

25 Mar 98. 
Sat. 
52 

* 
* 
** 

** 
** 

* 

** 
** 
* 

* ** ** * * * 
* * ** ** ** ** 

** 

* 

** 

* 

** 

** 

* 

X* 

** 

* 

* 

* 

Ic* 

** 

* 

** ** ** ** ** 
* ** ** ** ** 

** * * * * 
** ** ** ** 
* ** ** * ** 

** ** xx ** ** * ** * 

* * * * * ** xx ** ** 

** * * * * * 

** ** ** ** ** ** A--k ** 

** ** * ** * ** ** * 

* ** ** * * 

* * Xk ** * ** * 

** ** ** * * * * * 

* * * * * * 

** ** ** ** ** 

* * * * ** ** XX x* 

* * * 
* 

** ** ** 

** * ** 
** * ** 

** ** ** * 

** 

* * * 

* ** *x 

* 

** ** * ** * ** ** ** * 
** ** x-x * ** * ** 

k* xx ** ** ** ** x-k ** ** ** 

s3 I * ** ** * * * * ** ** xx- * 
s4 * ** ** ** * * * * * * 
S6 * * * * * * ** ** ** * 
C4" ** * ** ** * ** * ** xx 
C6 ** ** * *x x-x xx x* ** * ** x 
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Hrs 0 1 234567 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 * * 
C6 ** 

27 Mar 98 
Sat 
s2 * 
s3 
54 
s6 * * * 
c4 ** 
c6* ** * 

** ** ** ** * * * * * 

** xx ** Xk ** ** ** ** ** ** 

* * * * * * ** ** ** ** 
* * .k * * ** ** ** ** ** 

** ** ** ** .** ** ** ** ** ** 
** ** ** xx * * ** ** ** 

* ** xx * ** * ** ** * 

** * * ** ** * ** * * 

28 Mar 98 
Sat 
s2 * 
53 ** xx 
54 
~6 *X ** *SC 
c4 ** 
cG** ** 

29 Mar 98 
Sat 
s2** 
53 * 
s4 
Sf3 X* 9~9~ 
c4* * 
r3j t4.k X* 

30 Mar 98 
Sat 
52" 
s3 * 
s4 
S6 * ** 
c4 ** 
c6 ** * 

31 Mar 98 
Sat 
s2 
s3 * 
54 
~(3 X* *h -k* 
c4 ** 
c6* ** ** 

* * ** * * * * ** ** * * 
* * * ** ** ** * 

** ** * ** * ** ** ** ** 
** ** ** * ** * ** 

** ** ** ** ** ** ** ** ** 
** ** ** * * * * * 

** ** ** ** ** * * ** ** ** 
xx * * * * * * 

* ** ** i ** * ** ** * 
xx ** ** ** ** * ** * 

* * * * * * ** ** ** 

** ** * * * * ** * 

* * * * * ** ** ** xx ** 

* * * ** ** ** ** 

* ** ** * ** * ** ** * 

* * ** ** * ** * ** 

1 Apr 98 
Sat 
52 
53 xx ** ** 
54 * 
S6 * ** ** ** * 
c4 * 
(35 X* *x 

xx ** ** ** * * X. * * * 

* * *. ** ** ** * 

** ** ** * * * * * * 

* * * * * 

** ** * ** * ** ** ** xx 

** ** xx * ** * ** 

** ** ** ** ** ** xx ** ** ** 

* * ** ** ** ** ** 

** ** xx ** ** ** ** ** ** 

** ** ** ** ** 

* ** ** * * * ** ** ** 

xx ** * ** ** * ** * 

* * * * * * * ** ** xx 

** ** ** xx ** ** * 

* * * * * ** ** ** * 

* * * * * * 

* ** ** * ** * ** ** * 

* * ** xx * * XX ** 
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Hrs 0 1 2 3 4 5:‘6 

2 Apr.-98 
Sat 
52 
s3. ** Vk ** 
s4 * 
~6x9~ ** *SC SC* x* 
c4** 
c6 ** * . 

3 Apr:98 
Sat 
s2 * 
s3 * 
s4 
s6 * 
c4 *.* 
C6 ** 

4 Apr 98 
Sat 
52 ** 
s3 .. 
s4 
s6 ** 
c4 * 
C(j*k *+c 

5 Apr 98 
Sat 
52 * 
s3. 
s4- 
s6 * 
c4 
C6 ** * 

6 Apr 98 
Sat 
S2" 

** 

** 

* 

xx 

* 

* 

s3 ** 
s4 
SIP k-k k* 
c4** 
C6 t* 9~9~ 

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22.23 

* ** ** ** ** * * * 
** ** * * * * * 

** ** ** ** * * * * 
** ** ** ** ** ** 
** ** * ** * ** ** 

** xx ** ** * * 

* ** Jr* ** ** ** ** ** 

** ** ** * * * ** ** ** * 

** ** ** ** * ** xx ** ** 
* * * * * ** * * 

* ** ** * * * ** 

** 

* 

* 

** 

** 

* * 

* 

** ** 

xx * 

** ** 

** 

** ** 
** ** * xx ** * ** ** 

* * * * * * ** ** ** 
* * * * * ** ** ** ** 

* * ** ** * * * -k ** * * 
** ** ** ** ** xx xx 

* ** ** * ** * ** ** * * 

* ** ** ** * * ** ** 

** ** ** ** * * * * * 
* * * ** ** ** ** ** 

* 

** 

** 

** ** ** ** ** ** ** ** ** ** 
* * ** ** ** * 
** ** * ** * ** ** ** ** 

xx ** ** ** * ** ** * 

** ** ** ** ** ** ** ** ** * 
** ** * * * * * 

* * * * * * ** ** ** * 
** * * xx ** ** 

* * ** * * * ** ** ** 
** ** * ** * * ** ** * 
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APPElNDIX X COMPARISON OF ACCURACY OF POSITION ESTIMATE PAIRS 

Table X.1 Site 5, Airport 

Incorrect Position Estimate.. 
Resultant(r)km Search kea(Sq kM) 

Correct Position Estimate. . 
Resultant(r)/km Search Area(Sq kid) .. 

3790 45136950.7. 
845 2244713.6 

2569 20741755.7 
3740. 43953725.2 
1072 3612051:7 
1635 8404944.6 
1658 8638516.3 
3620 41180157.1 
4554 65 177960.5 
1011 3211490.5 
938 2767944.3 

1225 4715088.1 
2205 15276962.3 
1979 123 12440. l- 
1441. 6529857.9 
586 : 1080990.9 

4781 I: 71837158.3 
4364 59863910.0 :. 
3677 42481330.4 
4232 56274814.5 

834 2183849.6 
2811 24834525.5 
3512 38763712.6 
3896 47704277.8 

63 12439.6 
776 1891576.6 

2022 12854706.6 
5231 85991592.1 
2186 15017008.7 

696 1522703.8 
770 1861853.1 
696 1524545.8 
495 769421.6 

3423 36825054.0 ‘. 
3139 30974023.1 
4023 50866468.9 
1366 5861528.4 
1330 5560814.2 
2294 16533536.3 
4613 66885669.7 
4213 55796882.6 

359 404187.6 
4216 55851257.0 

21 1340.3 
3 128 30759132.5 
1557 7619223.1 
1292 5243921.1 
3028 28816633.9 
1126 3984246.6 
1690 8977711.3 
1607 8119294.1 
3924 48392903.9 

986 3052800.7 

1.3 5.24 
7.7 185.51 
0.6 1.09 
0.3 0.28 
0.5 0.88 
0.8 1.86 
0.5 0.70 
1.2 4.44 
1.0 3.18. 
0.4 0.61 
0.2 0.08 
0.4 0.58 
1.5 6.64 
0.6. 1.24 
0.4. 0.63 
0.4 0.60 
2.2. 14.92 
0.4 0.56 
0.6 1.06 
5.4 92.76 
2.7 23.72 
0.3 0.34 
1.5 7.03 
1.2 4.86 
2.2 14.77 
0.2 0.14 
0.4 0.40 

10.2 325.24 
0.1 0.06 
0.3 0.32 
0.2 0.11 
0.6 1.06 
6.1 118.48 
0.9 2.65 
5.7 103.79 
1.1 3.87 
0.5 0.78 
0.7 1.66 
0.3 0.33 
0.4 0.60 
0.8 1.94 
0.7 1.62 
1.1 3.66 
2.4 18.35 
0.7: 1.50 
0.3 0.38 
0.1 0.04 
0.5 0.67 
0.5 0.72 
1.2 4.84 
2.2 15.15 
0.3 0.27 
4.8 71.89 

Averages: 
2287.6 23035879.3 1.5 19.9 
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Table X.11 Site 9, Damholm 

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 
4373.5 1 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 
2134.39 143 17634.66 0.51 0.83 
1813.00 10330498.16 4.58 65.93 
2794.32 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 45 12383.52 0.33 0.35 
3427.83 36928616.73 1.17 4.32 

957.5 1 2881455.96 0.29 0.26 
629.44 1245 192.73 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 

979.3 1 3014132.76 0.88 2.41 

Averages: 

1677.27 13108507.45 7.49 1445.87 



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 rescueservices should be deployed to his/her aide. This relies on the 
fact that records are kept of which beacon is held by which w0rker.m which location;, An error. 
in this manual record could cause a search to be conducted in completely the wrong location. 

If : 3 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 Lat l/Long 1 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 aimsto 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 latllong valueswere 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: 

l Convert the GPS data from degrees/minutes to degrees/decimalof degrees for both 
latitude and longitude. 

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

l 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. 

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

P = J (LUTZat - GPSZaQ2 + (LUTLongl- GPSLong)’ fi 

Sear&Area = I3 ” I& 



LTJTLongl 

Figure XI.1 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 detkctions 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(O-lsq km, 1-1Osq blO-1OOsq krn,lOO-1OOOsq km lOOO-1OOOOsq lun 
and >lOOOOkm). 

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 fixther 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. 

LXXX 
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APPENDIX XIII 
MULTIPLE TRIGGER TEST RESULTS 

Multiple Trigger Test (Test21 
1 

-- ..---..- -.- -_-.-- ..-- ..- 
LAT 53.10815 LAT 53.10815 

Site 5: Airpbrt7S’aie:~ oC~sf--- - 
-._ -- .-.. 

-..-- - - . ---_- -- 
l-. LONG 4.3379375 LONG 4.337938 

53 - 
_-_- ___ .._-_ -. -.__. ._ 

Latl : 6.478 Long1 : 4 , 20.274 --- ..- __-- .- -... _.. ..__ .__. -__ -.. 
Lat2: 53 ___ 6.51 Low@: 4 20.309 -.-- ._--.- -- -...- -- -. _I_------.---- 
Lat3: 53 6.495 Long3: 4 20.232 -~- _-_ _-. ..----- .-_-. -._-... 

L!?!!!!. 53 6.473 Long4: 4 
20,2g - ~-.-... 

-.---- -.__ --.__. ___--- ..___. -.- .--. 

-..____ I-_-- .-_ ,- _-.---- .-- I..-----...- .------- 
&t(Av) 53 6.489 Long(Av) 4 20.27625 ---.---.---- .---___--. -..- -.- .-_-.---~_ 

-.--_------. .-_ -._-.--. .-.. --- 
-.------.- -..-_.___-_.--_. ------ -- 

Pass No. Satellite Date AOS LOS ID No. Time On Bursts TCA Latl Long1 Probl Lat2 TFS TLS --...- -__- __.--- ..- 
6077 _L_-- Sarsat-2 05-O&97 oa:57:31 09:08:49 9Dl EiX34QFEC8DO 08:58:30 

- .____-.. --__ --- Long2 Prob2 --__I 
8 09:02:30 53.1293 -4.3272 89 40.9069 58.704 11 08:58:38 09:05:17 --.._ --.- .._--.---I --_- 

6077 Sarsat-2 05-O&97 08:57:31 09:02:30 53.1359 -4.2756 83.2 41.2268 58.8496 16.8 09:00:03 09.05:05 -I-.-- ---- ---L- 
6077 Sarsat-2 05-O&97 08:57:31 _-.- .._ 09:0%49 9Dl ECC349FEC990 09:03:00 Detect Only 09,04:04 -______- ..- __A- ._--.__- m-- -.- -..- 
6077 _ Sarsat-2 05Ott-97 08:57:31 09:08:49 9Dl ECC349FEC900 09:06:00 Not detected ----- --.- --. --_-.- _-___ 

_-. -. -. .__.. L.- . -..- -- .-.- 
2927 Copsas- 05Ott-97 09:49:38 10.06:30 9Dl ECC349FEC8DO 09:48:00 

09:49.38 I&?%- 9DlECi%j~<09:54:iiii---~- 
11 09:58:36 53.1067 -4w - 96.3 52.4706 -5.459 3.7 09:50:45 10:04:06 

--.- Copsas- “@j-Oct&j7 --~;-‘-- -- 2927 5 73.5 52.486 2.5935 26.5 09:57:34 10.03.26 
2927 
2927 -. 

Copsas-ti 05-Ott-97 
.-..- j9:58:36 53.1096 -4.3173 - -.--. .- _.-z-..,- 

09:49:38 10:06:30 9Dl ECC349FEC990 09:59:00 5 09:58:37 52.8747 -0.7665 52.8747 -0.7665 49.6 10:00:04 10:03:21 
- 

--. - 50.4 ._, 
Copsas- _I_._- -- 05-O&97 09:49:38 ---- -l_l 10:06:30 -%I ECC349FEC9i%- -i-ii:00 --.- _L' ..- .A. ____ 
.___ ---- -___-.. -..-. -.. -.- -.-_ .--- 

14250 Sarsat-6 05-O&97 11:08:09 11:18:27 PO1 ECC349FEC9DO 11:10:00 6 11 :I 4:09 33.1043 -4.3573 87.7 66.8388 73.0351 12.3 -- -- -.-.- ___ -- --. -..-.----.___ 1_1:12:44 11:17:46 ~. 
14250 Sarsat-6 05-Ott-97 11:08:09 11:18:27 J3DlECC349FEC990- 11:13:00 6 -4.389 73.8 66.8959 73.6282 26.2 11:14:05 11:18:11 -.-__I.--- -.- 11:14:09 53.0361 ----. .-~..-. . 
14250 Sarsat-6 05-Ott-97 ._--. -.~ 11:08:09 11:18:27 9DlECC349FEC900 11:15:00 Detect Only 11:16:03 -- -.. .--- - -.._- _.- -.---.- -... 
14250 Sarsat-6 05-O&97 11:08:09 11 .I 8127 901 ECC349FEC8DO 11:17:00 11 :I 8:05 

-7 -..-_.--. Detect Only -..----- ---_-.__I. ..- ..-. -.- 
-.. __ _ _-- ._ _-.--- .--- -... ----.- 

2928 OS-Ott-97 Copsas- 11:37:19 II:51 :58 9Dl ECC34QFEC9DO 11:35:00 9 99.6 57.4468 -51.0447 0.4 11:37:46 11:51:11 --- ~-. _- 1 I:#:53 53.jpp9 , -4.3375 
2928 Copsas-6. 05-O&97 11:37:19 11:51:58 9DlECC349FEC990 11:40:00 4 11144153 53.0844 -4.3208 97.6 57.1437 -51 .I677 2.4 11:43:33 11:50:16 _--- 
2928 Copsas- 05-Ott-97 11:37:19 11:51:58 SD1 ECC349FEC900 11:45:00 3 11:44:50 52.8207 -3.9699 - 50 57.0169 -50.8479 50 

..-- 
II:4655 --- -.._____- 

-m.-lmjr 11'51:58 901 ECC3zFEC8DO x1:00 Not detected d-T 
-- .- II:51 :5E! 

2928 Copsas- 05-O&97 ~__--. ._i A -..- -.___ ____ -.--. ..-..- -.-. - .,’ 

27441 
.-..- .-.---. --- --.-_--- ---- - 

Sarsat-3 05-Ott-97 13:28:06 13:36:09 901 ECC349FEC800 13:29:00 5 13:32:53 53.1153 -4.3318 84.6 67.6564 83.8871 15.4 13:32:37 13:35:58 -_- -- 
27441 Sarsat-3 05-Ott-97 ---'-.-_II 13:28:06 %:36:09 9Dl ECC349FEC900 13:31:00 

-- 
5 67.4 67.615 83.5297 32.6 -- 

--.- 
13:32:17 13135138 _~. .- -.-~ ~~~ ~~ 

13:2&%-~~13:36:09"ii%?fi.%iiI90 13:33:00- 
13:32:53 53.1605 -4.2072 .-_- ---.-- 

27441 Sarsat-3 05Ott-97 3 13:33:02 53.089 -4.2843 50 -. 53.089 -4.2843 50 ---- 13:34:09 13:35:49 _I ..- .-..---- __- -----I-.--~--.----..- --.. - 
27441 Sarsat-3 05-Ott-97 13:28:06 13:36:09 9Dl ECC349FEC9DO 13:36:00 Not detected _ -.--- -_.-. _---.-- --.-- . ----- ------__. 

.-- ---_- 
6080 Tarsat- x%&t-97 -.- -- 13:59:55 14:07:48 9-D~~C~349&9DO 14:04:00 

-.--.--. 
_...-- -.- Detect Only 14:06:44 ..-..-- .-- -. -- 

_ 6080 Sarsat-2 05-O&97 135955 14:07:48 SD1 ECC349FEC990 14:05:00 3 14:04:05 52.9864 4.1548 50 52.9864 -4.1548 50 14:06:03 14'07'40 --.-..-.-------.-.- -_-- ____ _.___ _ -.__I_ _L- 
6080 Sarsat-2 05-Ott-97 13:59:55 14:07:48 9Dl ECC349FEC900 14:06:00 ----- -- .--.-- ---- - -__I---._ Detect Only 14:07:05 ._- -- -. .-----..~ 
6080 Sarsat-2 05-Ott-97 13:59:55 14:07:48 SD1 ECC349FECBDO 14:07:00 Not detected 

: 
_::. .,. 
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9Dl ECC349FEC8DO 

__I- 



APPENDIX XIV. 
VISIBILITY~WTNDOW NARROWING 

By taking the time.ditTerence between the beacon switch on and the Time First Seen (TFS) (the time 
the sateliite receives the first beacon burst), we get the time it takes for the satellite to detect a beacon. 
If a beacon is turned 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 satellite signal) from.the time that the satellite-last saw the beacon (TLS), 
we can show the narrowing of the window at the pass end. Resultsare presented in Table XIV.1. 

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 

SD0 6077‘ 
900 6077 
990 6077 
9DO 6077 

s2 
s2 
S2 
S2 

8DO. 
900 
990 
9DO 

2927 C6 
2927. C6 
2927 C6 
2927 C6 

8DO. 14250 S6. 
900 14250 S6 
990 14250 S6 
9DO 14250 56 

SD0 2928 C6 
900 2928 C6 
990 2928 C6 
9DO 2928 C6 

SD0 27441 s3 
900 27441 s3 
990 27441 s3 
9DO 27441 s3 

SD0 6080 s2 
900 6080 s2 
990 6080 s2 
9DO 6080 s2 

SD0 14252 S6 
900 14252 S6 
990 14252 S6 
9DO 14252. S6 

SD0 11397 c4 
900 11397 c4 
990 11397 c4 
9DO 11397 c4 

SD0 27443 S3 
900 27443 S3 
990 27443 s3 
9DO 27443. S3 

SD0 11398 c4 
900 11398 c4 
990 11398 c4 
9DO 11398. c4 

SD0 16.562 
900 16562 .. 
990 16562 
9DO 16562 

s4 
S4 
s4 
s4 

Mean: . 00:01:31 

0O:OO:OS 
00:01:03 
- (Beacon not seen) 

00:03:32 
00:03:44 

00:02:45 00:02:24 
00:03:34- 00:03:04 
00:01:04 00:03:09 

00:02:44 00:00:41 ! 
00:01:05 00:00:16 

00:02:46 00:00:47 
00:03:33 00:01:42 
00:01:55 oo:oo:oo 

00:03:37 
00:01:17 
00:01:09 

00:00:11 
00:00:3 1 
00:00:20 

00:01:03 0O:OO:OS 

00:01:12 
00:01:14. 

0O:OO:Oj 
oo:oo:o 1 

00:01:04 ,. 00:02:17 
00:03:08 00:01:24 

00:01:04 
00:01:03 
00:01:04 

00:01:04 
00:01:04 

00:01:05 
00:01:04 
00:01:04 
00:01:03 

00:00:42 
00:00:26 
00:00:09 

00:05:19 
00:02:05 

00:00:29 
00:00:41 ” 
00:00:45 
00:00:10 

00:01:18 

CI 



APPENDMXV- 
LINK RELIABILITY ASSESSMENT 

Satellite TFS TLS 

Bursts 

Received 

Visible Bursts 

Pass Length:,;. Predicted Difference, 

Site 5: Airport 
c4 20:55:44 21:04:54 12 
s2 22:10:20 22122100 13 
C6 22:27:51.. -22:39:36 11 
S6 01:03:47 01:09:39 8 
S6 02:42:39 02:56:02 17 
S6 04124155. 04136138 13 
s3 04:52:35 05:04:16 15 .’ 
c4 05:21:03 05:30:17-,, 6 
S6 06:05:27 06:12:59 10 
S3 06:33:07 06:45:44 16 
c4 07:01:39 07:16:41 16 
C6 08:12:51 08:26:16 17 
C6 08:38:49 08:48:05 4 
c4 08:47: 13 09:02:19 16 
s4 09:54:15 10:06:52 18 
C6 10:23:37 10:34:27 9 
S6 00:02:08 00:07:12 8 
s4 11:34:51 11:44:02. 12 
C6 12:08:21 12:20:05 12 
s3 13:46:26 13:53:54 9 
S6 14:16:33 14:29:08 16 
S3 14:42:34 14:51:48 11 
S6 16:01:21 16:08:51 10 
c4 16:06:23 16:13:53 9 
S3 16:20:36 16:32:18 15 
c4 17:51:08 18:02:01 14 
s4 18:07:03 18:17:55 14 
s2 18:44:44 18:47:15 3 
C6 19:24:06 19:37:31 - 
54 19:45:54 19:59:20 1’8 
C6 21:10:34 21:23:09 12 
s4 19:45:54 2O:OO:ll 19 
s2 21:59:07- 22:10:03 11’ 
C6 23:00:19- 23:06:11 6 
s2 23:40:35 23149149 ,- 12 
S6 02:31:31 02:45:47 18 
S6 04: 12:58 04:26:20 17 
S3 04:28:50 04:39:43 10 
c4 05:46:46 05:51:48 5 
c4 21:25:41 21:29:03 - 
S6 05:54:20 06:02:43 I?1 
53 06:08:37 06:20:22 15,: 

s4 06:22:00 ,06:27:03 6 
C4 00:29:54 00:43:00 17 
S3 07:49:08- 07:58:21 12 
S4 08:00:54 08:14:19 17 
C6 00:07:55 00:17:09 8 
c4 09:17:09 09:30:34 16 
s4 09:41:29 09:54:55 17 
52 10:11:37 10:24:11 14 
C6 10:49:21 11:01:52 6 
S4 11:22:50 11:32:03 12 
s2 11:55:35 12:05:37 12 00:10:02 11 1 

00:09: 10 
00:11:40 
00:11:45 .. 
00:05:52 
00:13:23 
00:11:43 
00:11:41 
00:09:14 
00:07:32 
00: 12:37 
00:15:02 : 
00:13:25 
00:09:16 
00:15:06 
00:12:37 
00: lo:50 
00:05:04 
00:09:11 
00:11:44 
00:07:28 
00:12:35 
00:09:14 
00:07:30 : 
00:07:30 : 
00:11:42 
00:10:53 
00: lo:52 
00:02:3 1 
00:13:25 
00: 13 :26 ‘I. 
00: 12:35 
00:14:17 
00:10:56 
00:05:52 
00:09:14, -: 
00:14: 16 
00:13:22 
00:10:53 
00:05:02 
00:03:22 
00:08:23 
00:11:45 
00:05:03 
00:15:06 
00:09: 13 
00:13:23 
00:09: 14 
00:13:25 
00:13:26. 
00:12:34 
00:12:31. 
00:09:13 

10 
13 
13 
6 
15 .- 
13 
13 
10 
8 
14 
16 
15 
10 
16, 
14, 
12 
6. 
10.. 
13 : 
s 

14 
10 .. 
8 
8 
13 .. 
12 
12 
3 

15 
15 
14 
16 
12 
6 
10 
16 
15 
12 
5 
4 
9 
13 
6 
16 s 
10 
1.5 
10 
15 
15 
14 
14 
10 

2 
0 
-2 
2 
2 
0 
2 
-4 
2 
2 
0 
2 
-6 
0 
4 
-3 

2 
2 
-1 
1 
2 
1 
2 
1 
2 
2 
2 
0 

-10 
3 
-2 
3 
-1 
0 
2 
2 
2 
-2 
0 
1 
2. 
2 
0 
1 
2 
2 
-2 
1 
2 
0 
-8 
2 



Satellite TFS TLS 

Bursts 
Received 

Visible 

Pass Length 

Bursts 

Predicted Difference 

Site 9: Darnholm 
S6 14:47:56 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:% 5 00:03:21 4 1 
s4 19:53:18 19:57:30 4 00:04:12 5 -1 
52 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 04147142 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 
S6 14:36:37 14:40:00 5 00:03:23 4 1 
53 16:14:36 16:20:27 8 00:05:52 6 2 
c4 17:11:49 17:16:51 5 00:05:02 0 
s4 19:36:55 19:45:20 9 00:08:24 ii 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 
S6 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 oo:q1:41 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 1 

CIII 



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 XVI.1. Geostationary Information Received from the Spanish LUT 

Beacon Time First Seen 
8D0 5/10/97, 08:50:24 
9DO j/10/97, .11:13:35 
990 5/10/97;- 11:14:56 
900 5110197. 17:27:28 

Time Last Seen 

7/10/97; I12:25:39 
5/10/97, 18:34:30 
5/10/97,- 18:28:5 1 
7/10/97, 17:49:3 1 

Beacon Site 
5 - Ah-port Test 1 
5 -AirportTest2. 
5 - Airport Test 2 
5 - Aimort Test 1 

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

CN 



Figure XVI.1 Geostationary Raw Data Received 

24 KBFS Data 
Satdiite: S2 66326 pfocessed at: 199707622~3:36:17.94 
Pass AOS: 1937-Wd2 23:20:27.15 pass LOS: 1997~70-22 23:35:5$.72 
Satellite elements at epoch: 1997~la-22 23:38:77.36 

sx= 3495.8000 km, sy = -2248.1558 km, sz = 5894.8042 h 
am= 6.76666 km/s, svy= 1.23396 km/s syz= 4.s977 km/s 

1 lat O-00 Ion: 0.00 freq: 869 1997-l O-22 2W451.93 
TCA: 864.8 CTA; 0.00 dtfk 0.0 9DlECC309FEC8DO bentpipe 
error ellipse: rad: 0.0 hd: 0.0 mjr. 0.0 mnr: 0.0 

lat 0.00 Ion: 0.00 freq: 869 TCA: 1997-1 O-22 23:34:51.93 
TCA: 864.8 CTA: 0.00 drft~ 0.0 npts: 1 prob: 0.000 
error cliipse: rad: 0.0 hd: 0.0 mjr: 0.0 mnr: 0.0 
1st 0, len: 0, (;onft 4, wndw: 0 G-B lESM TEST 

24 KBFS Oata 
SateNfe: S6 74499 ; proMed at: 1997d?-23 03:2&10.37 
Pass AOS: 7997~?O-ti 03:0&09.13 pass LOS: 1997~70-23 03:79:45.00 
Satellite elements at epoch: 7997.7U-23 03:20:09.82 

sx= 7007.0020 km, sy = -1779.7595 km, n = -340.8060 km 
SW -0.74973 km/s, svy= -1.55299 his, svz= -7.32163 km/s 

1 lat 0.00 Ion: 0.00 freq: -8745 O-23 03:08:34.04 1997-1 
TCA: 264.9 CT’A: 0.00 drft: 0.0 9DlECC349FEC8DO bentpipe 
error ellipse: rad: 0.0 hd: 0.0 mjr: 0.0 mm: 0.0 

lat: 0.00 Ion: 0.00 freq: -8745 TCA: 1997-10-23 03:08:34.04 
TCA: 264.9 CTA: 0.00 cfrft 3.0 npts: 2 prob: 0.000 
error eNipse: rad: 0.0 hd: 0.0 mjr: 0.0 mnr: 0.0 
1 st:.-200. ien: 201 P conf: 4. wndw: 0 G-8 IESM TEST 

2 lat: 0.00 Ion: 0.00 freq: -5355 1997-l O-23 03:05:21.78 
. TCA: 72.7 CTA: 0.00 drft: 0.0 9DlECC349FEC9DtJ bentpipe 

error ellipse: rad: 0.0 hck 0.0 mjr: 0.0 rnnr 0.0 
lat: 0.00 Ion: 0.00 freq: -5355 TCA: 7957-: O-23 03:05:21.78 

TCA: 72.7 CT& 0.00 drft: 0.0 npts: 1 prob: 0.000 
error ellipse: rad: 0.0 hd: 0.0 mjr. 0.0 mnr: 0.0 
1st 0, len: 0, conf: 4, wndw: 0 G-B IESM TEST 

3 lat 0.00 Ion; 0.00 freq: -6967 1997-10-23 03:06:00.64 
TCA: 1 ‘IT.5 CTA: 0.00 d&z 0.0 XHECC34?FEC990 bentpipe 
error ellipse: rad: 0.0 hd: 0.0 mjr. 0.0 mnr: 0.0 

lat: 0.00 Ion: 0.00 freq: -6967 TCA: 1997-W-23 03:06:00&l 
TCA; ill.5 CTA: 0.00 drft: 0.0 npts: 1 prob; 0.000 
error ellipse: rad: 0.0 hd: 0.0 mjr: 0.0 mnr: 0.0 
ISt 0, len: 0. conf: 4, vmdw: 0 G-B lESM TEST 



2.4 KBPS Data 
Satellite: C4 71638 pmcess~d at: 1997-90123 04:3&f 7.13 
Pass AOS: 7997-f&23 06:25:56.7 7 pass LOS: ~897-10-23 04:38:16.36 
Satellite eiemenfs at epoctz: 7997-10-23 iW39Y6.62 

sx= 4351.8926 km,-.. sy = 998.6206 k;n, sz = 5834.8242 km,. 
SV%= 95.86783 km/s quy= 4.?5456 km/s ST- 4.36089 km/s 

1 lat 0.00 ion: O.OG*:, freq: 6763 .. 1997.!G-23 04:35:17;49 .’ 
TCA: 561.4 CTA: 0.00 drft: 0.0 9Dl ECC349FEC990 reflionaf 
error eliipse; rad: 0.0 hd:.O.O mjr: 0.0 mnr: 0.0 

lat: 0.00 Ion: 0.00,: freq: 6763 TCA: 1997-10-23 04:36:17&J 
TCA: 561.4 CTA: 0.00 drk 0.0 npts: 2 pro&: 0.000 : 
error ellipse: rad: 0.0 hd: 0.0 mjr:-0.0 ;’ -mnc 0.0. 
1st: -51, len: 52, conk-3, wndw: 9 G-B IESM TEST :.,. 

2 lat: 48.80 . . . . 101x72.68 fret;: -568 1997;?O-23 02:55:50.28’~ 
TCA: -5405.5 CTA: -220.88 dift 0.0 9DlECC3WFECE9G gfobal 
error ellipse: rad: 0.0 hd: 62.1. mjr: 0.0 : mnr: 0.0 ‘. 

fat: 71.71 Ion; SO.27 freq: :7457 TCA: 1997&10-23 03;00:08.87 
TCA: -51472 CTA: O-02 :‘. dHt:.G.G npts: 3 prob: 0.500 
error ellipse: rad: 32767.0 hd: -68.9. mji: 37A623.2 ..mnr: 161.1 
1st: -93, len: 353, co& 4, wndw:-0 G-8 IESM TEST 

3 lat 0.00 ‘. Ion: O.OO-, freq: 5848 1947-l O-23 04:36:29.49 
TCA: 633.4 CTA: 0.00 drft 0.0 SD’!ECC349FEC8DO w&ma! 
error eilipse: rack 0.0 hd: 3.0 ! mjr: 0.0 mnr: 0.0 

lat: 0.00 Ion: 0.00 freq: 5848 TCA: 1997-10-23 G4:36;29.48 
TCA: 633.4 CTA: 0.00 d& 0.0 : nptsr 2 prgb: 13;OOO 
error ellipse: rad:.O.O’- hd::O.O mjr: 0.0 mnr: 0.0 .: 

. 1st -98, len: 99, conf; 3, wrdw: 9 Gig IESM TEST 

4 lat 0.00 Ion: 0.00 freq: 6674 t997-10-23 04:36:03.57 
TCA: 607.5 CTA; 0.00 drfLO.0 9DlECC349FEC300~regionai 
error ellipse: rad: 0.0 .hd: 0.0 :.I m;r: 9.0 mnr: 0.0 

lat 0.00 lon:~0.00 freq: 6674 TCA: 1997- 1 O-23 04:36:03.5? ,- 
TCA: 607.5 CTA: 0.00 drft 0.0 npts: 1 prab:,G.GGO 
error ellipse: rad: 0.0 hd: 0.0. mjr: 0.0:. mnr; 0.0 
1st:.0, len: 0;conf:-3, wndw: 9 GAB lESM TEST 

2.4 KBPS Data 
Safe/He: G# 77639 processedaf:l99?-~012306~26:23.67' 
Pass ADS: 9997-10-23 06:0?:56.14 passLOS:, f997-W-23 06:25:4?.;42 
Satellite elements at epoch; 1997-10-23 06:26:23.12 

= 
s"llx= 

3594.1064 km, sy =. -089.6899 km, .. sz = 6365.7373 km 
4.00894 Ms, svp _. 2.09067 km/s, SW- 3.53878 km/s 

I Iat56.96 Ion: -25.47 freq: -533 1997-i O-23 06:25:13.21 
TCA: 1037;l. CTA: 7.26 drft 0.0 9DlECC349PEC990 regionat 
error ellipse: lrad: 0.0 hd: -88.0 j mjr: 0.1. mnr: 0.0 

lat: 54.43 Ion: -0.71 freq: 444 TCAI 1997-10-23 06:25;11.62 
TCAr 1035.5 CTA: -6.91 dr& 0.U npts: 4 pmb: 0.683 
error ellipse: rad: 0.0 hd:--71.5. mjr: 0.1 mnr: 0.0 
tst: -274, len; 201; conf; 3, wndw: 1. G-B IESM TEST 

2 lat: 54.42 Ion: -0.70 freq: -445 19979IO-23 04:39:37.06 
TCA: -5299.1 CTA: 8.20. drft 0.0 9D? ECC349FEC990 global 
error ellipse: rad: 0.0 hd: -80.6 mjr: 0.1 mnr: 0.11. 

F .,‘ 



lat: 52.11 lcn: 25.19 freq: -503 TCA; 1997-q O-23 04:39:38.66 
TCA: -5297.5 CTA: -7.43 drft; 0.0 npts: I3 prob: 0.995 
error ellipse: tad: 24.0 hd: -82.2 mjr: 20.6 mnr: 13.1 
1st: -310, len: 752, conf: 4, wndw: 0 G-B IESM TEST 

3 lat: 56.86 Ion: -25.44 freq: -44C 199?-IO-23 06:25:17.38 
TCA: 1035.2 CTA; 7.24 drfk 0.0 9Dl ECC349FEC8DO regional 
error ellipse: rad: 0.0 rid: -79.7 rnjt: 0.1 mnr. 0.0 

fat 54.34 km: -0.81 freq: -352 TCA: 1997-10-23 06:25:09.77 
TCA: 1033.6 CTA: -6.89 drft: 0.0 npts: 3 prob: 0.500 
error ellipse: r-ad: 0.0 hd: -79.9 mjr: 0.1 mnr: 0.0 
1st: -281, fen: 150, a& 3, wndw: 1 G-B lESM TEST 

4 lat: 54.33 Ion: -0.80 freq: -352 1997-N-23 (X:39:35.53 
TCA: -5300.6 CTA: 8.26 drft 0.0 9DlECC34QFEC800 gtobai 
error ellipse: tad: 0.0 hd: -84.3 mjr: 0.1 mnr: 0.1 

lat: 51.95 Ion: 25.29 freq: -384 TCA: 1997-10-23 04:39:36.22 
TCA: -5299.9 CTA: -7.64 drft 0.0 npts: 70 prob: 0.992 
error ellipse: tad: 19.0 hd: -78.2 mjrz 16. ‘l mnr: 11.3 
1st: -284, len: 6ff3, wnf: 4, wndw: 0 G-B IESM TEST 

5 lat: 0.00 Ion: 0.00 freq: 2664 1997-10-23 06:24:09-87 
TCA: 973.7 CTA: 0.00 drfk 0.0 9DlECC349FEC900 regional 
error ellipse: rad: 0.0 hd: 0.0 mjr: 0.0 mnr: 0.0 

tat: 0.00 ion: 0.00 freq: 2664 TCA: 1997-70-23 OS:24:09.67 
TCA: 973.7 CTA: 0.00 drft: 0.0 npts: 2 prob: 0.000 
error ellipse: rad: 0.0 -hd; 0.0 mjr: 0.0 mnr: 0.0 
1st -50, ien: 51, conf: 3, wnctw: 9 G-8 fESM TEST 

6 lat: 54.41 Ion: 5.71 freq: -138 1997-10-23 O&39:36.77 
TCA: -5299.4 CTA: 8.21 drfk 0.0 QDlECC349FECSDO global 
error ellipse: r-ad: 0.0 hd: -15.8 mjr: 0.1 mnr. 0-I 

lat: 5? .97 Ion: 25.43 fteq: -155 TCA: 1997-I O-23 04:39:37.08 
TCA: -5299.~ CTA: -7.52 dti: 0.0 npts: 5 prob: 0.989 
error elfipse: rad: 8.0 hd: 34.0 mjr: 7.0 mnr: 4.3 
l.st -118, len: 252, conf: 4. wndw: 0 G-6 IESM TEST 

7 lat 56.93 Ion: -25.48 freq: -52 1997-70-23 O&25:12.57 
TCA: I036.4 CTA: 7.26 drft: 0.0 901 ECC349FEC900 regior;al 
error eilipse: rad: 0.0 hd: -89.1 mjr: 0.7 mnr: 0.1 

lat 54.39 ion: -0.74 freq: 35 TCA: 1997-1 O-23 06:25: 10.97 
TCA: 1034.8 CTA: -6.91 drf?: 0.0 npts: 5 prob: 0.5’12 
error eflipse: rad: 0.0 hd; -70.4 mJrr 0.7 mnr: 0.1 
,I& -306, len: 252, cnnf: 3, wndw: 1 G-8 IESM TEST 

8 lak 54.39 Ion: -0.74 freq: 34 1997-10-23 04:39:36.53 
TCA: -5299.6 CTA: 8.22 drftz 0.0 9DIECC349.FEC900 global 
errOr ellipse: rad: 0.0 hd-: 60.7 mjr: 0.2 mnr: 0.1 

lat: 51.83 Ion: 25.52 freq: 95 TCA: 1997-1 O-23 04;39:35. I 1 
TCA: -5301.0 CTA: -7.72 drft: 0.0 npts: 6 pr$:,“;“58 
error ellipse: rad: 5.0 hd: -43.0 mjr; 5.3 
1sE -212, fen: 252. conf: 4. wndw: 0 G-6 IESM TEsT 



2.4 K8PS Data 
Sate/Me: C8 03773 processed at: 7997-10-23 08:04:58.07 
Pass AOS: 1997-70-23 07:47:78.72 pass LOS: i99m23 08:04:08.95 
Satellite elements at epoch: 7997-10-23 08:&#:57.52 

sx = 3785.934% km, -sy = -35.2355 km, m = 6285.9087. km 
svx= -6.74122 km/s, svy= 1.55509 km/s, svz= 3.68591, km/s 

1 bt 50.78 .. fan: -4 14 freq: -154 .:997-l O-23 &:03:34;9a 
TCA: 976.9 CTAz 1.17 drft 0.3 90 1 ECC349f EC990 regional 
error ellipse: rad: 0.0 hd: -76.5 mjr. C 2 mnr: 0.0 1’. 

lat 54.42 Ion: -0.56 freq: 441’ TCA: 1997-l O-23 O&03:34.74 
TCA: 976.6 CTA: 4.95 drft: 0.0 npts-3 prcrb: 0.500 
errcr ellipse: rad: 1 .O hd: -83.4 mjr: I .? rnnc 0.0 
? st: -265, len: 1101; coni: 3: w&v: 1 G-8 IESM TEST 

2 Iat 50.50 .. Ion: 45.56 freq: -659 1997-?O-23 06:18~46.02 
TCEi -5372.1 CTA: -13.62 dtft 0.0 901EfC34SFEC990 global 
error ellipse: rad: 0.0 hd: 43.3 rnjr: 0 1 mnr: 0.0 : 

lat: 54.43 Ion: 4.70 freq. 45 TCA: .1997-l O-23 06:18.39.70 : 
TCA: -5318.4 CTA: 14.44 drft 0.0 -.-npts: 3 prcb: 0.500 
error ellipse:. rail: 0 0 : hd: -82.0 mjr: 0.1 mnT: 0.0 
1 st: 61; len:. 1 5ij cork 3, wndw: 1 G-6 !ESM TEST 

3 lat: 0.00 Ion: 0.00 fieq: 5049 1997-:O-23 08.01:50.65 
TCA: 872.5 CTPcO.00 : dti 0.0 9DlECC949FEC800 regiona!.. 
error ellipse: fad: 0.0 nd: 0.0 .. mjc 0.0 mnc:- 0-c ; 7 

Iat: 0.00 ,-Ion: 0.00 .: freq: 5049 TCA: 1997-10-23 tX3:01:50.65 
TC;A: 872.5 CTA: 0.00 drtt: 0.0 npts: 2 prcb: O.OGO 
error ellipse: rad: 0.0. hd: 0.0: mjr: 0.0. mm 0.0 
1 st: -51, ten: 52;’ cont3, wxY,v: 9 G-B IESM TEST 

4 [at: 0.00 : ton: 0.00 f&q:,3975 1997-10-23 O&02:27.15 
TCA: 909-O CTA; 0.00 :.. drft: 0.0.. 9DlECC349FEC9(!0 regiona!. 
error eilipse: rad: 0.0 hd: 0.0 rnlr: 0.0 mnr: O.o”!’ ._ 

fat: 0.00 ion: 0.00 -’ freq:-3375 . TCA: 1937-l O-23 O&02:27.15 
TCA: 909;O CTA: 0.00 dtft: 0.0 opts: 2 prcb: 0.000 
error ellipse: tad: 0.0 hd: 0.0 mjr: 0.0: mnr: 0.0 
:sc -50; len: 51. cant 3, wndw: 9,. G-B lESItl TEST 

2.4 KBPS Data 
Se feiilte: s4 46874, processed af: ?9!37- I O-23 08;25:54,30 
Pass AOS: 7997-10-23 O&i&29.76. . . pass LOS! 1997RR?-23 08:24:31.50 
Satellite elements at epoch: 1997-W-23 08:25:53.73. 

SX= 7760.3735 km, sy = -855.23OS~km, :. u = -563.0874 km 
svx= -0.76953 km/s, svyt -7.62602-km/s, svz= -7.30676.kmh 

1 lat 54.47 ton: -0.71 .. freq: -425 1997-10-23 08:09:23.89 
TCA: -65.3 CTA: 4.68 ’ drfk 0.0 901 ECC349FEC930 regional 
error ellipse: rad: 0.0 ;hd; -68.3 mjr: 0.2 mnr: 0.1 

lat 50.11 Ion: 21.03 frep: -473 TCA: 1997-10-23 06:09:25.04 
TCA: -64;l CTA: 7.29 drft: C.0 nptsd4 prob: 0.994 
error ellipse: rad: 2: .C hd: -76.5 mjr: 17.7 mnr: 12.4 
1st: -473, len: 7U1, conf: 4, wndw: 0 5-g IESM TEST ’ : 

2 lat 54.41 ton: -0.69 freq: -427 1997-10-23 06:27:18.60- 
TCA: -6190.6 CTA: -21 .A8 drft C.5’ 9DlECC349FEC990 gkbal 
error ellipse: rad: 0.0 nd: -58.3 mjr: 0.0 mnr: 0.0 .- c.. 



lat: 41.23 ion; 65.52 freq: -703 TCA: 199i-IU-23 C6:27:30.52 
TC&: -6178.6 GTA: 23.23 dti: 0.0 npts: 3 prob: G.5GG 
emx ellipse; rad: C-0 hd: 87.3 mjr: O.? mnr: 0.0 
1st -!98, lm 151. conf: 3. wndw: g G-B fESM TEST 

3 lat: 54.43 ion: -0.70 freq: -433 :997-lo-22 21:37:11.62 
TCA: -37597.5 CTA; t20.$U drit: 0.0 901ECC349FEC990 globai 
emJr ellipse: raa: 0.0 hd: 49.4 mjr: $9 mnr: 0.3 

lat: 41.51 Ion: -65.46 freq: -214 TCA: 1997-70-22 2: ;37;0! .73 
TCA: -38007.4 CTA: 22.80 dti: 0 0 npts: 10 prob: 0.947 
error ellipse: rad: 20.0 hd: -77.8 mjr: 19.0 mnr. 7.0 
1st -117, ten: 452, conf: 4, wndiw: 0 G-8 IESM TEST 

4 lat; 54.32 fon: -C-80 keq: -333 1997-10-23 O&09:25.56 
TCA: 63.6 CTA- -6.72 drf?z 0.0 9DlECCX49FEC8DG regional 
error ellipse: rad: 0.9 hd; 75.9 mjr: 0.2 mnr: 0.7 

lat: 50.77 Ion: 20.96 freq: -293 TCA: 1997-10-23 08:09:24.45 
TCA: G4.7 CTA; 7.22 dtft: O-.0 npts: 10 pr~b: 0.984 
em: e!fipse: rad: ‘! 1.0 hd: 40.7 mjr: 10.5 mnr: 6.3 
1st: -162, len: 603, c3ni: 4, wndw: 0 G-B IESM TEST 

5 tat 54.35 ion: -0.80 freq: -338 1997-10-22 21:37:09.86 
TCA: -37999.3 CTA: -20.83 dff: 0.0 9DlECC349FEC800 giobal 
error ellipse: rad: 1 .O hd: 27.1 mjl: 1.0 mnr: 0.2 

lat 41.68 Ion: -65.59 freq: -223 TCA: ?997-70-Z 21:37:04.86 
TCA; -38004-3 Cl/c 22.77 dti 0.0 npts: 4 prob: 0.917 
error ellipse: rad: 14.0 hd: -50.4 mjr: 14.6 mnr: 2.4 
Ist -76. ten: 198, cunf: 4. vmdw: 0 G-B IESM TEST 

6 lat 54.39 ton: -0.72 freq: -118 1997-10-23 08:05:24.15 
. TCA: -65.0 CTA: -6.69 drftc 0.0 9DlECC349FEC!3CO regional 
. encr ellipse: hd: mnr. rad: 0-C 43.0 mjt: 0.0 0.0 

lat 50.18 Ion: 20.72 frm - 187 TCA: 1997-q O-23 08:09:25.41 
TCA: -63.7 CTA: 7.08 drft: 0.0 npts: 4 prob: 0.989 
error ellipse: rad: 3.0 hd: 77.7 mjr: 3.8 mnr: 1.2 
1st: -121, len: 150, conf: 4. wnrhx 0 G-6 IESM TEST 

7 lat OHIO Ion: 0.00 fieq: 1964 1997-KI-22 21:35:38.63 
TCA: -38090 5 CTA: 0.00 dti 0.0 901ECC349FEC9DO glctbai 
error ellipse: rad: 0.6 hd: 0.0 mjr: 0.0 mnc 0.0 

tat: 0.00 ton; 0.00 freq: 7964 TCI?: 1997-10-22 21:35:38.63 
TCA: -38090.5 CTA: 0.00 &ft: 0.0 npts: 1 prob: 0.000 
enor ellipse: rad: 0.0 hd: 0.0 mjrz 0.0 mnr: 0.0 
1st 0, fen: 0, conk 3, wndw: 9 G-6 IESM TEST 

8 lat 0.00 Ion: 0.00 freq: 3480 1997-TO-23 08308Y8.97 
TCA: -130.2 CTA: 0.00 drft: 0.0 901ECC34QFEC9OQ giobaf 
ermr ellipse: rad: 0.0 hd: 0.0 mjr: 0.0 nix 0.0 

lat: 0.00 Ion: 0.00 freq: 3480 TCA: 1997-10-23 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 mjr: 0.0 mn;: 0.0 
1st: 0. len: C, wnf: 3. wndw: 9 G-B IESM TEST 



2.4 KBPS Oata 
sawfiat s4 46811’ processed at: 1991-f&23 f&06:32. P 7 
Pass AC%: 1997-W-23 09:50:25.16 pi;ss US: 1997-T&23 l&05:54.92 
Satelrite demerits at epoch: ~997~IO-23 70:~6:31.64 

sx= 6785.5239 km, sy = -3749.4192 km, sz = 18.5087. km 
svx= -0.86798 kids, sv~ -1.46659 km/s, SW= -7.32906 km/s 

1 lat 54.33 Ion: -0.82 frkq*--333. 1997-10-23 Nk5fk32.67 
TCA; -22.4 CTA; 7.33 : c!rft: 0.0 9DlECC349FEC8DO regional 
errorellipse: rad; 0.0 hd: -86.1 mjr, 0.7 . ..mnr. 0.1~~ 

fat 59.01 .. ion: -25.12: freq: -279. TCA; 1997-10-23 09:50:Gl.49 
TCA: -23.6 CTA: -6.79 drk0.0 npts: 9 prcb: 0.993 
error eilipse: tad: 11.0 hd: -57.2 mjr: 9.9 . mnr: 6.6 
1 st -254, len: 403, cod 4: wndw: D Gi6 lESM TEST 

2 lat: 50.32 irxx 4.81. freq; -333 1997.lG23 08:09:25.53 
TCA: -6059.6 CTA: -6.73 drk 0.0 QD7ECC349FEC800 g!cbal :j 
error ellipse: tad: 1 .O ‘.. hd: -68.0 rnir: 1.4 mnr: 0.1. 

lat: 50.26 Ion: 20.72 freq: -255 -TC& .1997-IO-23 08:09:24.21 
TCk -6060.9 CTAr.7.04 drk0.0 npts: 6 prob: 0.689 
error.ellipse: rad: 3.0 hd: -78.5 mjr: 3.2 . . mnr: 0.3 
1st 105, !en: 250, .conf: 3. wndw: 1 G-B IESM TEST : 

24 ws nab 
Satellite: S2 t?6%3 processed al 1997-70-23 72;04:57.30 
Pass AOS: <997-N-23 71:48:4f. 7 0 pass LOS: ?997*7l?-23 12:04:3?.30 
Satellite elements at epoch: 7997-W-23 12:04:5&73 

sx= 6437.9648 km, sy = -3306.5664 km, sz = -83.8415 km .: 
SVXI -0.83333 km/s, svy= -1.45289 km/s, svz= -7.327?0 Ii.mkz 

. 1 lat: 57.65 Ion: -18.51 freq:,-538 1997-11223 11:48:X .17, 
TCA: -9.9 CTA: 5.11 drtt: 0.0 901 ECC349FECQQO bmtpipe t 
error ellipse- rad: 0.0 hd: -90.0 mjr: C.0 : mnr. 0.0 

rat: 54.44’ Ian: -0.73 freq: -466 TCA: 7997-l O-23 11:48:30.23 
TCA: -10.9:. CTA: 5.34 drftz 0.0 ‘,npts: 3 :prob: 0.500 
error ellipse: rad: 0.0. hd: -66.7 mjr: 0.0 mnr: 0.0 . . . 
1st 75, len: 101, conf: 3, wndw: 1 G-E3 IESM TEST 

2 lat; 0.00 Ion: 0.00 freq: 373: 1997-10-23 7 1:49:49.05 
TCA: 68.0 CTA: 0.X drfk 0.0 9DlECC349FEU3DO bentpipe. 
error ellipse: rad: 0.0. : hd; O.il mjr: 0.0 mnr: 0.0. 

lat; 0.00 ion: 0.00 freq: -4731 ‘. TCA 7997-X-23 11 dS:SS.US 
TCA: 68.0 CTA:‘OJO .’ drft 0.0 npts: 1 p.vb:.OXOO 
error ellipse: rad: C.0 hd: 0.0 mjr: 0.0 mnrr 0.0 
1st 0, len: 0, co& 4, wndw: 0 G-B iESM TEST: 



2AKBPSData 
sateme: S6 14506 ~~OCXSS~~ at: jamm-23 ?4:39:32.68 
PassAOS: 1997-10-23 f4:23:49.1? passLOS: f997-IO-23 74:39:09.96 
SaZeMte elements at epoch: f997-10-23 74:39:3X92 

sx= 36&.5747km, sy= -f206.5282 km, sz= 6124.7998kti 
sYx= -6.48087 knds,sYy= -0.45538kmk,sn= 3.76745 km/s 

3 lat: 54.43 Ion: C.7: freq: -281 1997-10-23 l~Z’:56.14 
TCA: 847.0 CTA: -8.80 drft: 0.0 9D1 ECC349FEC930 benipipe 
errcr ellipse: rad: 0.0 hd: -80.3 mjr. 0.2 rnnr: 0.0 

lat: 49.22 Icm: -28.74 freq: -371 TCA: 1397-10-23 14.37:57.90 
TCA: 848.8 CTA: 9.23 drft: 3.0 npts: 5 prob: 0.918 
em ellipse: rad: 3.0 hd: 47.3 mjr: 3.0 mnr: 0.6 
1st: -213, len: 134, conf 3. wndw: 1 G-B IESM TEST 

4 lat: 5yI.34 Ion: -0.82 freq: -156 1997-! O-23 14:37;54.77 
TCA: 845.7 CTA: -8.72 drft: 0.C 9DlECC349FEC8DO bentpipe 
error ellipse: rad; 0.0 hd: -80.4 mjr 0.0 mnr: 0.0 

iat: 49.18 Ion: -28.57 -freq: -285’ THAI 1997-1023 14:37:56.47 
TCA: 847.4 CT& 9.15 drft: 0.0 npts: 3 prcb: 0.500 
error ellipse: rad: 0.0 hd: 47.4 mjr: 0.0 mnr: 0.0 
1st -181, len: 151! wnf: 3. wndw: 1 G-B IESM TEST 

5 !at: 54.40 Ion: -0.74 freq: 194 1997-10-23 14;37:55.62 
TCA: 846.5 CTA; -8.73 drft: 0.0 9DlECC349FEC900 beniptpe 
error ellipse: rack 0.0 hd: -76.8 mjt: 0.0 mnr. 0.0 

;at: 49.19 Ion: -28.71 freq: 17 1 ?-CA: 1997-13-23 14:37:57.27 
TCA: 848.2 CTA: 9.22 drft: 0.0 npk 3 prob: 0.500 
error eilipss: rad: 0.0 hd: 43.6 mjrz 0.0 mnr: 0.0 
1st: -7 72, len: 152, unf: 3, wndw: ? G-B !ESM TEST 

6 lat 0.00 Ion: 0.00 freq: 1410 1997-10-23 W3726.84 
TCA: 817.7 CTA: 0.00 drft 0.0 9DlECC349FEC300 bentpipe 
error ellipse: rad: 0.0 hd: 0.0 mjr: 0.0 mnr: 0.0 

I& 0.00 Ion: 0.00 freq: 1410 TCA: 1997-10-23 14*37:26.84 
TCA: 817.7 CT/k 0.00 drft: 0.0 npts: 2 prob. WOO 
error ellipse: rack 0.0 hd: 0.0 mj:: 0.0 mnr. 0.0 
Isi: 49, len: 50. cunf: 4, wndw: 0 G-2 IESM TEST 

2.4 KRPS Data 
Seteliiie: C4 77644 processed at: 1997-70-23 f&-40:33.98 
Pass AOS: 1997-10-23 15:31:Q6,14 pass LOS: 7997-W-23 75:39:46.25 
Satellite elements at epoch: f997-10-23 15:4U:33.30 

SX’ 6803X3472 km, sy = 1889.7573 km, sz = 2000.7729 km 
SW= 1.63484 km/s, svy= 0.94959 km/s, SYZ= -7.03403 kmis 

1 tat 54.30 Ion: -0.95 freq: -423 1997-I O-23 15:2&51.17 
TCA: -135.0 CTA: -6.49 drft: 0.0 9DlECC349FEC990 glo5al 
srrorei!ipse: rad: 0.0 - hd: -90.0 mji: 0.0 mm 0.0 

lat 56.50 Ion: 21.80 freq: -565 TCA: 2997-10-23 15:28:5266 
TCA: -i33.5 CTA: fX1 dtft: 0.0 npts: 3 prob: 0.500 
error ellipse; rad: 0.0 hd: -63.9 mjr: 0.6 mnr. 0.G 
1st -408, len: 200. wnf 3, ;Nndw: ‘I G-B IESM TEST 

2 fat; 54.43 Ion: -0.71 freq: -442 1?97-IO-23 13:41:31.39 
TCA: -6574.7 CTA: -19.42 drftr 0.0 901ECC349FEC990 globai 
error ellipse: rad: 0.0 hd: -58.2 mjr. 0.2 mnr: 0.: 
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lat: 61.02 : ton; 60.42 freq: -553 .. ‘.TCA: 1997-10-23 73:41:36.97 
TGA: -6669.2: CTA: 21.76 -drft: 0.0 npts: 9 prob: 0.993 
error ellipse: rad; 47.0 hd: 42.6 Mjr: 41.5 mnr: 23.7 
1st -391, len: 700;cont 4, wndw: 0 G-B IESM ,TEST 

3 iat: 3.43 ton;--0.71 freq: -447 .19!37-lo-23 O&12:35.87 
TCA: -26310.3 CTA: -19.87 drft:.O.O 9DlECC349FEC990 globai 
error ellipse: rad: 6.0 hd: -79.5 mjr::5.9 mnr: 2.0 

la?: 61.06 Ion: -83.26 freq: -185 TCA: 1997-l&23 08:?2:23.76 
TCA: -26322.4 CTA: 21.89 drft: 3.0 npts: 5 prob: 0.779 
error ellipse: rad: 26.0 hd: -85.2 mjr. 25.5 mnr: 8.6 
1st: -57. len: 455;confz~3, wndw: 0 G 6 IESM TEST -. 

2-A KWS Data. 
Satellite: C4 t75A5 processed et: 799740-23 7?:31:22.10 
Pass AM: 1997-W-23 17:13:f4.f0. pass LOS: -1997-10-23 17:30:44.04 
Saieilite eiements at epoch: .f997-10-23 17:31:27.54 

sx= 7227.0666 km, sy = -1243.2075 km, sz = -575.5450~km 
wx= -0.46641 k&s, svy= 0.45671 k&s, svz= -7.29252 km/s 

1 lal: 54.41 Ion: -0.72’ freq: -139 1997-10-23 17:14;20.40 
TCA: 66.3 CTA: 8.83 &it O.O’, 9DlECC349FEC9DO reyionaf :... 
error ellipse: rack 0.0 hd: 23.9 mJr: 0.1 . mnr: 0.1 

lat 61.80 ‘ion:~-28.79 freq; -128 TCA: 1997-10-23 17:14:20.22~ 
TCA: 66.1 CTA: -8.18 drft: 0.0.. npts: 5 prob: 0.988 
error ellipse; rad: 9.0. hd: -43.8. mjr: 7.4 mnr: 6.1 
?st ~151, /en: 302. a& 4, wndw: 0 G-6 IESM TEST 

2.4 KBPS Data 
Satellite: S3 57700 processed at: ?997-10123 17:55:51.24 
PassAOS: 1997-10-23 77:40:06.12~ pass LOS: 1997-10-23 17:55:28.59 
Sateiiite elements at epoch: f997-70.23 17:55:50.7f~ 

sx = 3566.9326 km,. sy = -1657.96Ol km, .sz = 5942.9!?85 km 
svx= -6.32841 km/s, svy= 0.73438 km/s mz= 4-02945 km/s. 

1 IakO.00 Ion: 0.00 freq: 1447. 1997-10-23 f75355.54 
TCA: 829.4 CTA:.O.OO drft: 0.0 9DlECC349FEC990 bentpipe 
error ellipse: rad: 0.0 hd: 0.0 mjr:. 0.0 mnr:.O.O 

Iat 0.00 Ion: 0.00 freq: l&Z7 TCA: 1997-liJ-23 17:53:55.54 
TCA: 829.4 CTA: 0.00 dti 0.0 npts: 1 prob: 0.000:. 
error ellipse; rad: 0.0 hd: 0.0 mjrz 0.0 ‘. mnr5I.O. 
1 st 0, ten: 0, wnf: 4, wndw: 0. G;B IESM TEST 



2.4 KWS Data 
SareIIife: C6 03779 processed at: 1997ylU-23 79:70:f6.73 
Pass AOS: 1997-la-23 i&62:24.73 pass LOS: 1997-W-23 79:08:56.?3 
Safeillte efemenfs at epoch: 7997-10923 19:70:76.79 

sx = 73748707 km, sy = 104.3859 km, sz = -459.0396 km 
SW= -0.42709 km/s s/r 0.36093 km/s, svz= -7.26653 km/s 

1 lat 54.41 Ion: -0.73 K&q:-138 1997-10-23 t853AS.26 
TCA: 55.1 CTR 2.63 drfk 0.0 9blECC349FEC9DO regional 
en-or ellipse: rad: 0.0 hd: 87.3 mjr. 0.3 mnr; 0.1 

lat: 53.63 Ion: -8.91 tieq: -150 TCA: 1997-10-23 l&53:19.54 
TCA: 55.4 CTA: -2.26 drft: 0.0 nprs: 5 prob: 0.960 
errorellipse: rad:7.0 fid:73.6 mjr: 6.9 mnr: 2.0 
1st -100, len: 304, ccnr: 4, wndw: 0 G-B IESM TEST 

2 Iat 0.00 larr0.00 freq:-4488 1997-10-23 G8:04:50.11 
TCA: -38854.0 CTA: WC drft: 0.0 9Dl ECC349FECICDO global 
error ellipse: rad: 0.0 hd: 0.0 mjr: 0.0 mnr: 0.0 

lat: 0.00 lon:OJO freq:4W TCA:1997-10-23 G8:04:50.?1 
TCA: -38854.0 CTA: 0.00 drft: 0.0 npis: 2 prob: 0.000 
errOr ellipse: rad: 0.0 hd: 0.0 mjr: 0.9 mrx 0.0 
1st -252, len: 253, cord 3, wndw: 9 G-8 IESM TEST 

3 Iat: 54.39 Ion: -0.76 freq: 33 1897-10-23 185319.53 
TCA: 55.4 CTA: 2.61 drftz 0.0 9DlECC349FEC900 regional 
erro- ellipse: rad: 0.0 hd: -70.2 mjr: 0.0 mnr: 0.0 

lat: 53.57 Ion: -8.98 freq: 17 TCA: 1997-10-23 18:53:13.84 
TCA: 55.7 CTA: -2.31 drft 0.0 np~3 prob:OSOO 
error ellipse: rad: 0.0 hd: 51.0 mjr: 0.1 mnr: 0.0 
tst: -43, len: 149, conf: 4, wndw: 0 G-B IESM TEST 

4 lat: 54.71 ton: A.02 freq: 26 1997~tO-23 O&03:34.16 
TCA: -38930.0 CT& I.08 drftz 0.0 9DlECC349FEC900 globai 
error eilipse: rad: 0.0 hd; -89.8 mjr: 0.0 mnr: 0.0 

lai; 54.39 ion: -0.78 freq: 35 TCA: 1997-10-23 08:03:33.01 
TCA: -38930.1 CTA: -0.83 &I?: 0.0 npk 3 prob: 0.500 
war eliipse: rzd: 0.0 hd: -70.2 mjr: 0.0 mnr: 0.0 
1st -117, kn: 152, conf: 4, wndw: 0 G-B IESM TEST 

2.4 KBPS Data 
Satellite: S4 46817 processed at; 1997-10-23 13:44:56.26 
Pass AOS: 4997-W-23 19:23:54.?7 pass LOS: f997-70-23 19:43:38.53 
Satellite elements at epoch: f93?-IO-23 79:4&55.72 

ST= 3439.3286 km, sy = -767.6674 km, sz = 6308.0049 km 
SW- -6.58311 km.& svy-- -7.2765f kmfs, SVF- 3.42339 km/s 

1 lat 51.83 Ion: -14.50 fieq: -492 1997-10-23 19:42:40.31 
TCA: 766.2 CTA: 4.43 drR -2.8 9Dl ECC349FEC990 regional 
errorellipse: rad:C.C hd: 54.1 mjr:0.9 mnr: 0.1 

iat: 54.42 Ion: -0.76 freq: -429 TCA: 1997-10-23 19.42.39.52 
TCk 765.4 CTA: -4.23 drft: -1.6 npk 6 prob: 3.682 
error ellipse: rad: 1 .O hd: -88.8 mjr: I .8 mnr. a.2 
1st -303, ien: 253, conf: 3. wndw: 1 G-6 IESM TEST 

2 lat: 54.43 Ion: -0.70 freq: -419 1997-10-23 l&02:15.73 
TCA: -5258.4 CTA: 9.45 drft: 0.0 301 ECC349FEC990 global 
error ellipse: rad: 0.0 hd: 72-O ml;: 0.2 mnr: 0.2 
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lat: 60.60 bn: 37.26 freq: -493 TCA: 1997-10-23 18:02:17.70 
TCA: -5256.4. CT& -8.66 drfi: 0.0. nprs: 45 prob: 0.988 
error ellipse: rad: 22.f hd: 70.9 mjr: 19.0 mnr:, 12.8 
1st -298; len: 751. conf: 4, wndw: 0 G-8 IESM EST 

21 #BPS Data. 
Satelliie:. CB 03r80 prwessed at: 79974623 20:55:72.90 .’ 
Pass AOS: ?98740-23 20:37:4&f5 pass LOS: f99740-23 2O:!i4:38.82 
Satellite ehmentsatepoch: f997-10-2320:55:7235 

SX= 6654.6924 km, sy= -3778.0828 km, sz = -476.5605 km 
SVB= -0.2302d kn& svy= (I.52056 km/s, svt= -7.26536 km/s 

1 lat: 54.43 ion: -0.72 freq: 435 1997-10-23 20:37:50.28 
TCA: 2 1 CTA: .17.89 d#?: 0.0 9Dl ECC34SFEC990 regional 
error ellipse: rad: 0.0 . hd: 5.5. mjr: 0.7 mnr: 0.3 

lat: 49.58 ion: -57.20 freq: 410.. TCA: 1997-10-23 20:37:49.35 
TCA: 1.2 CTA;--16.41 dft?: 0.0 npts: 5 prob: 0.935 
error ellipse: rad: 9.0 hd: -18.5 mjt; 8.7 mnr: 3.3 
1st -106, len: 252, conf: 4. wndw:-0 G-6 rESM EST 

24 KBPS Dab 
SateMte: S4 46818 processed at: 1997-10-23 21:25:29.39. 
pass AOS! f%S7-10-23 2f:U&f3.25 pass LOS: 7 BO7-IO-23 21:26:50.56 
Satellite eiements at epoch:~f997-%I-23 2KB28.85 

% = 3309.8723 -6.22369 km& km, svy= sy = -23022903 I.39591 km/s, km,-, svz= .sz = 5936.1387 3.97126 km/s km 

1 lat: 43.21 Ion:--6022 freq: -492 7997-10-23 21:24:31.64 
TCA: 918.4 CTA: 20.54 drk 0.0 9DlECC349FEC990 regional 
error ellipse: rad: 0.0 hd: 6.7 mjr: 0.0 mnr: 0.0 

lat 54.42 Ion: -0.73 freq: -47 9 TCA: 1997-W-23 21:24:23.95 
TCA: 925.7 CTA: -19.06 drftz 0.0 ‘-npts: 3 prob: 0.530 
error ellipse: rad: 0.0 hd: -37.7 mjr: 0.0 mnr: 0.0 I 
1st: -154; len: 97, wnf: 3, wndw: ? G-3 iESM TEST 

2 lat.ti.42 ton: -0.72 freq: 618 1997-l 3-23 19:42:39.48 
TCA: -5193.8 CT& -4.25 drft: .O.O .. SD1 ECC34SFECQSO global 
enur ellipse: rad:,O.O hd: 75.7 mjr: 0.3 mnr: 0.1 

lat: 51.63 Ion: -14.89 freq: :387. TCA: 1997-10-23 19:42;38.8? 
TCA: -5194.4 CTA: 4.73 drft: 0.0.. npts: 16 prob: 0.9&l 
error e!lipse: rad: 17.0 hd: 68.4 mjr: 16.3 mnr: 7.1 
1st: -302. len: 756. conf: 4, wndw: 0 G-B IESM TEST 

3 Iat: 54.39 Ion: -0.75 freq: :53 1997-l O-23 18:4239.03 I. 
TCA: -5194.2. CTA:.-4.23 drft: 0.0 SClECC34SFEC900 global 
error eilipse: rad: 0.0 hd: 79.7 mjt: 02, mnr: 0.1 

lat: 51.65 fan: -14.78 freq: 70 TCA: 1597-10-23 19:42:3&U. 
TCA: -5194.5 CTA:4.66 drft: 0.0 npts: 6 prob: 0.987 ' 
error ellipse: rad: 19.0 hd: 64.8 mjr: 17.1 mnr:-8.9 .. 
1st: -235;len: 505, conk.4, wndw; 0 G-l3 IESM TEST 
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Se Wits= C4 77652 . processed at: 19!?7-?O-24 05:03:06.86 
Pass AOS: 1997-10-24 04:52:f4.f2 pass LOS: 193~40-24 05:07:56.55 
Sateilito ehments at epoch: 1997-W-24 05:09:06.33 

SX= 3863.3074 km, sy = 395.9571 km, sz = 6231.8477 km 
Sk%= -6.21813 km/s, svy= 0.79682 km/s. sn= 3.?6809 km/s 

1 lat: 54.42 Ion: -0.70 freq: -431 1997-10-24 O!X7:51.69 
TCA: 937.6 CTk 3.06 dti 0.0 9DlECC340FEC9QO regionai 
error ellipse: rad: 1.0 fid; -78.1 rnjr. 1.2 mnr: 0.1 

lat: 53.43 Ion: 9.13 fraq: -3533 TCA: 1997-Y O-24 05:07:5:. 13 
TCAz 937.0 CTA: -2.53 drfk’0.0 ryts: 5 prob: 0.7’2 
error ellipse: rad: 2.2 hd: -82.5 mjr: 2.9 mnr: 0.2 
1st: -335, len: 250, wnf: 3. wndw; 1 G-B IESM TEST 

2 fat 54.43 Ion: -0.71 ‘freq: A32 1997-10-24 03:23:24.80 
TCA; -5329.3 CTA: 18.30 drft: 0.0 901 ECC349FEC990 globai 
error eflipse: rad: 0.0 nd: -36.8 mjr: 0.5 mnr: 0.2 

iat: 49.89 ion: 57.12 freq: -585 TCA:. %97-lo-24 03;23:32.04 
TCA: -5322.1 CTA: -16.60 drk 0.0 npts: 6 pnb: 0.989 
error ellipse: rad: 40.0 hd: 49.3 mjr: 37.3 mnr: 15.8 
1st: -229, fen: SW, co& 4, wndx: 3 G-6 lES&M TEST 

3 tat: 0.00 ion: 0.00 .freq: 4481 1997-10-23 l&53:20.27 
TCA: -35933.8 CT& 0.00 dti: 0.0 9D7ECC349FEC993 gfobai 

ellipse: rat!: 0.0 hd: 0.0 mjr: 0.0 0.0 error mnr: 
lat: 0.00 Ion: 0.00 freq: 4481 l-CA: 1997-q O-23 18:53:20.27 

TCA -35933.8 CTA: 0.00 dtfk 0.0 npts: 1 prob: 0.000 
error ellipse: rad: 0.0 hd: 0.0 rnjr: 0.C mnrz 0.0 
4st: 0. len: 0, conf: 3, wndw: 9 G-B IESM TEST 

2.4 KBiS Data 
Sa#e!liies S3 57767 processed at: 199T=lD-24 06:18:34.26 
Pass AOS: 3997-10-2b 06:02z41.13 pass LOS: fS97-70-24 06:18:15.07 
SateMe eJements at epoch: 7997~10-24 06:18:33.72 

sx= 6738.2632 km, sy= -2527.9524 km, ST * -179.2956 km 
svx= -0.73736 km”, svy= -f.46484 km& svz= -7.35281 km’3 

1 Iat: O.UO Ion: 0.00 freq: -7894 1997-10-24 O&04:69.08 
TCA: 138.6 Cl’& 0.00 dr-k 0.0 9DlECC349FECSSOCFC22 bentiqe 
erm ellipse: rad: 0.0 hd: 0.0 mjr: 0.0 mnr: 0.0 

lat: 0.00 km: 0.00 freq: -7894 -l-CA: 1997-1G24 06:04:59.68 
TCA: 138.6 CTA: 0.00 dfftz 0.0 npts: 2 prob: 0.000 
error ellipse: ad: 0.0. hd: 0.0 mjr: 0.0 mnr: G.0 
1st: -47, len: 4&. cant 4, wndw: 0 G-6 IESM TEST 

2 Iatz.O.OO Ion: 0.00 freq: -6865 1997-10-24 06:04:34.76 
TGk 113.6 CTA; 0.00 Irk 0.0 9DlECCXUQFEC90073&FD bentpipe 
error ellipse: rad: 0.0 hd: 0.0 rnjr: 0.0 mnr: 0.0 

lat: 0.00 Ion: 3.00 freq: -6865 TCA: 1997-10-24 06:04:34.76 
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TCA: 113.6 CTA: 0.00 drft: 0.0 npis: I prob: 0.000 
error ellipse:. rad: 0.0 hd: C.0 mjrz 0.0 mnr: 0.0 
1st 0, len: 0, conk 4, wndw: 0 G-B IESM TEST 

24 KWS Dafa 
Sateflkc4 77653 ‘. pmcssadat: f997-?d-ZAO6:54:28.42 
PassAOS: 7997.lQ.2406:36~46.12 passL0s:1997-10~2406:53:56.05' 
Contents: fA recods, 14 located beoconq 0 unlocated bacons 

Satellite elements at epoch: 1997-W-24 06:54:27.87 

s% 
=- 34829153 kmr sy=- -1256.3729knr, sir=. 6339.8384&m. 

-5.30847 km/s, svy= 3.53436 km& sns 3.58275 km/s 
Fame crruni: 1898 

1 lat: 58.81 ion: -43.98 freq;-388 1997-10-24 O&54:04.42 
TCA: Z 038.3 CTA: 1227 dn?z 0.0 9Dl ECC349FEC99OCFC52 regional 
error ellipse: rad: 0.0 . . . hd: 79.8 mj~.O.O mnr: 0.0 

lat: 54.43 Ion: -0.70 freq: 430 .. TCA: 1997-10-24 36:54:0’1.21 
TCX: 1035.1 CTA; -11.61 drR: 0.0 npk J- pmb: OSCO 
error eliipsa: rad: 0.0 hd: $9.7, mjr: 0.1. mnr: O.O-. 
1st: -235, len: 99, confz‘3. wndw: 1 G-B lESM TEST I 

1 lat: 0.00 km: 0.00 freq; 6154 1997-10-24 O&29:27.87 
TCA: 831.8 CTA; 0.00 drft: O.@ 9Dl ECC349FECgQOCFC52 regional 
error ellipse: rad:.0.0 hd: 0.0 mj:: 0.0 mnr: 0.0. 

‘/at: 0.00 Idn: 0.00 freq: 6154 TGA: 1997-10-24 08:2%?7.87 
TCA: 831.8 CTA: 0.00 dr?tz 0.0 npts: 2 prob: 0.000 
error ellipse: rad: 0.0 hd: 0.0 mjr: 0.0, mnr: 0.0 
1st -5O:len: 51, cunf: 3, wndw; 9 G-BdESM TEST. .: 

2 lat: 51.80 fan: 28.47 freq: -526 ‘. 1997:10-24 c16:47:Q2.70 
TCk -5313.4 CT,% -8.37 drft: .O.O 9iX ECC349FEC990CFC52 global. :: 
error ellipse: rad: 0.0 hd: 77.1. mjt: 0.0 mnr: 0.0 

lat 54.45 Ion: -0.62. freq: .+I9 TCA: 1997-10-24 06:47:07;88 
TCA: -5314.2 CTA: 9.23 drft: 0.0 npts: 3 prob: 0.500 
error eliipse: rad: ‘3.0. hd: -60.1: mjr: 0.1 mnr: 0.0 
1st: -117, ien: 450, conf: 4, wndw: 0 G-6 IESM TEST : 

3 lat: 54.42 Ion: -0.63 freb: -430 7997-1 O-24 05:03:? 3.96 
TCA; -11642.1 CTA: 24.12 drR: 0.0 Q51ECC34QFEC9EOCFC52 global 
error ellipse: rab: 1.0 hd: -38.7 mjr: 1 .O mnr. 3.3 

lat: 48.59 ton: 76.00 1; freq: -564 TCA: 1997-10-24 05:03:20.77 
TCA: -11535.3 -CTA; -21.76 drk 0.0 npts: 5. prob: 0.952 
error ellipse: rad: 16.0 hd: 50.5 mjr: 15.8 mnr: 4.6 
‘kit: -110, len; 302; conf: 4, wndw: 0 ‘G.S IESM TEST. 



2.4 Kl3PS Data 
SatelI&: 54 46825 processed at: 1997-10-24 09355307.77 
Pass AM: 1997-l&24 09:37:51.10 psss LOS: 1997-10-24 09;53:38.90 
Contents: 60 records, 53 located beacons, 7 unlocated beacons 

SateNib elements at epoch: f997-W-24 OMiW7.22 
sx= 6310.0469 km, sy = -3496.96# km, sz = -507.9524 km 

-1.27866 km/s SVJG 
Fnim~wun~ 9747 

J.24374 km/s, svz= -i..31456 km/s 

1 !at 54.41 Ion: -0.72 freq: -119 1997-10-24 =:37:39.09 
TCA: -12.0 CTA: 5-69 drftr 0.0 9DlECC349,FEC9D011478 regional 
em ellipse: rad: 0.0 hd: 8.S mjr: 0.4 mnr: 0.4 

lat: 57.98 Ion: -19.35 freq; -101 TCA: 1997-10-24 09:37:38.73 
TCA: -12.4 CTA: -5.28 drft: 0.0 npts: 4 prob: 0.903 
error ellipse: rad: 4.0 hd: 42.6 mjr. 3.5 mnr: 3.4 
1st: -108. len: 203, conf: 4, wndw: 0 G-B IESM TEST 

2 iat 0.00 ion: 0.00 freq: -: 71 1997-10-24 IJ7:56:52.86 
TCAz -6058.2 CTA: OXO drft: 0.0 9D: ECC349FECSDO’I 1478 global 
error ellipse: rad: 0.0 hd: 0.0 mjr. 0.0 mnr: 0.0 

tat: 0.00 Ion: COO freq: -171 TCA: 1997-l O-24 0 7:56: 52.86 
TCA: -6058.2 CTA: 0.00 drftz 0.0 npts; 1 prub: 0.000 
enor ellipse: *red: 0.0 hd: 0.0 mjr: 0.0 mnr; 0.0 
1st: 0, ten: 0, coni: 3, wndwz 9 G-B IESM lEST 

. 

24 KBPS Data 
Satellite: C6 03188 processed at: d99?-fO-24 10:17:00.41 
Pass AOS: %97-f&24 70:04:4U. f5 pass LOS: 1997-m-24 ~0:76:31.7§ 
con fen ts: ‘I5 records, 11 located beacons, 4 unlocated beacons 

Sateilite elemenis at epoch: 1997-1624 10:76:59.97 
sx = 3392.4597 km, sy = 3596.2583 km, sz= 5954.2622 km 

- -3.90247 km/s, svy 
Fra~~ctxmtz f242 

4.56lS3km's,svz= 4.20797 km/s 

1 lat; 54.43 ion: -0.77 frp,q: 329 1997-10-24 08:32:30.56 
TCA: -5529.6 CTA: -5.89 drft: 0.0 901 ECC349FEC990CFC52 global 
error ellipse: rad: 0.0 hd: -63.5 mjr: 0.1 mnr: 0.0 

lat: 56.43 Ion: -3337 freq: -388 TCA: 1997-l O-24 08:32:28.99 
TCA: -5531.2 C-TA: 6.57 &I?: 0.0 npts: 8 prob: 0.936 
error el!ipse: rad: 17.0 hd: 81.7 mjr: 15.9 mnr: 8.5 
1st: -233, {en: 550. conf: 4. wndw: 0 G-B IESM TEST 

2.4KWSI;lata 
SafeMe: S2 66347 processed ai: l997-90-24 11:52:00.67 
PassAOS: 7997-10-24 77:35:2g.13 pass LOS: f 9979?O-24 17:57:3u. 12 
Contentx 6 records, 4 located beacons, 2 unlocated beacons 

Satellite elements at epoch: 1997-?Q-24 11:52:00.04 
sxo 6599.6436km, sy= -296U,6584kmp sz= -262.0468 km 



SW. -0.92124 km& svy= ’ -1,42r?9; km/s, svz= -7.32329 km/s 
Frame count: 0 

1 lat54.43 ion: -0.71 bq: 457 !997-10-24 11:35:22.53 
TCA: -6.6 CTA: 3.57 drit: 0.0 --9DlECC349FEC990CFC52 bentpipe 
error ellipse: tad: 0.0 hd: -76.2 mjr: 1.0 mnr: 0.2 

[at: 56.55 ion: -12.32 freq: -503 : TCX 1997-10-24 4 1:35:23.12 . 
TCA: -6.0 CTA: -3.36 drft: 0.0 npts: 5 prob: 0.718 
error;.eliipse: rad: 2.0 hd: -68.6 mjr: 2.5 mnr.@ 2 
1st 78, len: 246,‘conf: 3, wndw: 1 GiB IESM TEST’ 

2 tat: 0.00 Ion: 0.00 freq: -6703 1997-l G-24 ? 1:37:30.35 
TCA: 121.2 CTA; 0.00 -,-da 0.0.. 9DlECC349FECSDG11478 benipipe 
error ellipse: rad: 0.0 nd:.O.O mjr: 0.0 mnF: 0.0 

lat: 0.00 Ian: 0.00 freq: -6703 1cA: 1997-10-24 1: 1 r3iY30.35 
TCA: 121.2 CTA: 0.00 dti a.0 npts: 2 prob: 0.000. ..’ 
error ellipse: rad: 0.0 hd: 0.0 mjr: 0.0 mnr: .O.O’ 
1st: -48, fen: 49;coni: 4, wndw: 0 G-8 IESM TEST 

3 lat: 54.39 ion: -0.69 freq: 4 1997-10-24 11:35:23.08 
TCA: -6.0 CTA: 3.59 ‘.’ drft 0.0 9DlECC349FEC90073AFD bentpipe 
error eliipse: rad: 0.0 hd: -72.3 mjr; 0.0 : mnr: 0.0 

lat: 56,53 Ion: -12.42 freq: -46: TCA: 1997-l O-24 II :35:23.65 
TCA; -5.5 CTA: -3.41 drft: 0.0 npts.3 pro&: 0.500 
error ellipse: rad: 0.C ..-hd: -72.4 mjr; 0.0 mnr: 0.0 1 
1st: 82, len: fO3, conf: 3. wndw: 1 G-B IESM TEST 

2.4 KBPS Data 
Sateiliie: SS 74520 process& at= 1097-70-24 14:28:23.28 
Pass AOS: 1997-W-24 74:73:08.13 pass LOS: 1997~m-24 34:2i?:00.59 

. Contents: 5 recwcf~ 5 focatad beacons, 0 unlocated hacons -. 
Satellite’elements at epoch: 7997-75-24 74;28:22.?4 

SX= 37U4.?7OO km9 sy = 4626.2809 km, sz = 6723.7553’km 
svx= -6.44848 km& svy= CO.77297 km/s. svz= 3.77048 km/s 

Frame count: 0 

1 lat: 54.43 Ion: -0.70 freq: -266 1997-70-24 14:26:50.74 
TCA: 822.6 CTA: -7: 18 da: 0.0 .9Dl ECC349FEC99OCFC52 bentpipe 
error ellipse: rad: 0.0 hd: 87-4 mjr: 0.3 mnr: 0.0 : 

lat: 50.16 ion: -23.66 freq: -350 TCA: 1997-i O-24 14:26:52.14. 
TCA: 824.6 CTA:-7.5G drf’t: 0.0 npts:-5. prob: 0.81G 
error ellipse: rad: 1 .O hd: 59.4 mjr: .1.3 mnr: 0.2 
1st: -240, len: 204, conf: 3, wndw; 1 GLB IESM TEST 


