1 APPENDIX 1 - CALIBRATION RESULTS

1.1 Pre-Survey Calibrations and Verifications in Jurong, Singapore

1.1.1 Overview

The pre survey Calibrations / Verifications took place from the 2nd October to 6th October, whilst docked at ST Marine, Jurong in Singapore. 

The following calibrations and verifications took place:

· dGPS verification
: Racal Multifix, Fugro Multifix, QPS Multifix & Posnet.

· rGPS verification 
: 11 x Tailbuoy pods, 9 x Headbuoy pods

· 041° Gyro calibration 
: 2 x Sperry Mk 227 and the mast-mounted Posnet pod 

· 226° Gyro calibration 
: 2 x Sperry Mk 227 and the mast-mounted Posnet pod 

· MDL Fanbeam
: 3 targets

All the Calibrations and Verifications followed the procedures as set by Western Geophysical.

1.1.2 Personnel

The appointed Surveyor was Louise Cox [Western Geophysical] Western Pride personnel included Rhod Morrison [FDQAGL] and Mike Ray, Rob Jordan, Chris Gibbons & Richard Stirrup [Navigators].

1.1.3 Diary of Events (Times in UTC)

All times are in U.T.C. 

Saturday 2nd October 1999

01:00
Western Pride alongside at Singapore Technologies Marine, Singapore.

03:00
Surveyor arrives at Western Pride

05:00
Establish a temporary point TMP1 using range and bearing observations from control point B002, RO B003

06:12
Commence starboard side of gyro calibration

07:40
Complete starboard side of gyro calibration

Sunday 3rd October 1999

00:30
Arrive at Western Pride

02:00
Position sites for Posnet pods and fanbeam targets

DELAY : Unable to get power to gun pods

06:12
Began RGPS verification for tailbuoy pods 1461, 1347, 1287 and 1371 and gun pod 1060.  At the same time, began Fanbeam verification.

06:43
Completed RGPS and Fanbeam verification.


07:43
Began RGPS verification for tailbuoy pods 1329, 1052, 1443 and 1055 and gun pod 1061

07:59
Completed RGPS verification.

09:30
Began RGPS verification for tailbuoy pods 1051 and 1342 and gun pods 1480 and 1063

09:46
Completed RGPS verification.

Monday 4th October

00:30
Arrive at Western Pride

01:10
Began RGPS verification for tailbuoy pod 1277 and gun pods 1064 and 1065

01:26
Completed RGPS verification.

01:51
Began RGPS verification for tailbuoy pod 1277 (repeat) and gun pods 1482 and 1308

02:06
Completed RGPS verification

02:25
Began RGPS verification for tailbuoy pod 1277 (repeat) and gun pods 1482 (repeat) and 1522

02:41
Completed RGPS verification

05:30
Vessel turned

Tuesday 5th October

01:52
Began Port side of gyro calibration

03:22
Completed Port side of gyro calibration

Wednesday 6th October

01:30
Traversed round control points to tighten up control

08:55
Began DGPS verification

09:25
Completed DGPS verification

1.1.4 Gyro Calibration

Two Sperry Mk227 Gyros were calibrated.  In addition, ranges and bearing were taken to the Posnet pod mounted on the forward mast and the prime Posnet antenna.  The bearing output from the Posnet pod was logged as a third gyro and was also calibrated.  

The reading from each gyro was recorded by the utility node of Spectra, whilst the surveyors measured a range and bearing to targets located on the bow and stern on the centre line of the vessel.  Ranges were taken every two minutes for one hour. The fixed corrections for the Gyros were all disabled prior to commencing the calibration.  

The latitude controls on the gyros were set and a speed correction of zero knots was used.  The vessel was securely tied against the quay. 

For each side of the gyro, the surveyor could observe prisms mounted at the bow and stern from TMP1.  

The onboard gyrocompasses were checked to ensure that the correct latitude and speed values were entered. The SPECTRA integrated navigation system was checked to ensure that data from the gyrocompasses was being received and that all previous C-O values were removed.

A logging node was started in SPECTRA with raw data being recorded to file every 10 seconds. The surveyor’s watch was then synchronised to SPECTRA time.

True range and horizontal bearings were then recorded by the surveyor from  point TMP1 to both targets. Observations were taken every two minutes to the targets on bow and stern for an hour and a half.

On completion, all observations were entered into a spreadsheet. By using a local grid, the vessel’s computed heading was calculated. This heading was then compared to the gyrocompasses observed headings and C-O values obtained. 

The starboard side of the gyro verification was done first.  The vessel turned a few days later when it was convenient with all other processes.  The vessel was left to settle overnight and the port side was completed.  Due to the shape of the vessel towards the stern when the vessel turned it was unable to turn a full 180 degrees due to the fenders.  This meant that the headings were 41 degrees and 226 degrees.

For each side of the gyro the Posnet gyro was also logged in order that a C-O value to the centre line of the vessel could be obtained.

Gyro 1 [S/N 495] is the primary gyro. Gyro 2 [S/N 480] is secondary.

1.1.4.1 Gyrocompass Calibration Results

Gyro 1 [S/N : 495] DIR 041°
C-O
:  0.59°

S.Dev : 0.05

Gyro 1 ]S/N : 495] DIR 226°
C-O
:  0.32°

S.Dev : 0.08

Mean




:  0.45°

Previous C-O : -0.51 April 99

Gyro 2 [S/N : 480] DIR 041°
C-O
:  0.02°

S.Dev : 0.08

Gyro 2 [S/N : 480] DIR 226°
C-O
:  -0.09°
S.Dev : 0.08

Mean




:  -0.04°

Previous C-O : -1.19° April 99

Gyro 3 [Posnet] DIR 041°
C-O
:  -0.02°
S.Dev: 0.26

Gyro 3 [Posnet] DIR 226°
C-O
:  -0.06° 
S.Dev: 0.32

Mean




:  -0.04°

Previous C-O : 0.99°  April 99

1.1.5 Absolute Positioning Verification

The Western Pride had four DGPS systems to be verified.

 The Primary positioning system was Racal Multifix system using differential corrections supplied by reference stations at Singapore, Terengganu, Miri and Jakarta.

The secondary system was Fugro MRDGPS system using differential corrections supplied by reference stations at Singapore, Kuantan, Satun, Uung Tau and Miri.

The tertiary system was QPS Multifix which used Racal differential stations of Singapore, Terengganu and Miri and Fugro stations of Singapore, Satun and Miri.

The Posnet system was also verified.

The verification was conducted in the WGS84 datum with a UTM projection from the control point TMP2.  

Surveying control was established at point TMP2 from where the vessel navigation mast could be clearly seen.  A prism was located below the main antenna which is common for all dGPS systems

The SPECTRA integrated navigation system was configured to log data to disc every 10 seconds. Once confirmation had been received that all systems were operating normally the surveyors began observations from TMP1 to the prism. This process was repeated every minute until 30 good observations had been obtained. The results were then converted to Northings and Eastings using Unavchk with the projection parameters used below.

Projection
: UTM ZONE 48

Origin of Lat.
: 000° 00' 00.00"

Origin of Long(CM).
: 103° 00' 00.00"

False Northing
: 0.00 m

False Easting
: 500,000 m

Scale Factor at C.M.
: 0.9996

The satellite constellation was monitored during the verifications and seen to be good, with six or more satellites in view above 10° and a PDOP better than 4.0 throughout.

The elevation mask in each system was set to 10°.

1.1.5.1 dGPS Verification Results

QPS Multifix
Eastings 
:  0.83
S.Dev 
: 0.51


Northings
:  0.01
S.Dev 
: 0.26

Fugro Multifix
Eastings 
:  0.25
S.Dev 
: 0.23


Northings
:  -0.56
S.Dev 
: 0.19

Racal Multifix
Eastings 
: 0.18
S.Dev 
: 0.20


Northings
:  -0.34
S.Dev 
: 0.21

Posnet
Eastings 
:  0.31
S.Dev 
: 0.22


Northings
:  -0.32
S.Dev 
: 0.19

1.1.6 MDL Fanbeam Laser Ranging System

The Fanbeam LRU was calibrated using three prisms placed at Sites 1, 2 and 3 around the dockside. This verification was carried out simultaneously with the first set of Posnet pods.  This was possible because the main antenna and Fanbeam unit are co-located.  The surveyor measured horizontal range and bearing observations from TMP1. The raw ranges and bearings of each Fanbeam target were recorded using the utility node of the Spectra system.  Thirty samples were collected.

The Scanning head was zeroed against a reference target placed on the centre line of the vessel prior to the start of the calibration.  In addition, an instrument alignment angle of –1.34° derived from previous calibrations remained enabled in the Fanbeam computer.

1.1.6.1 Fanbeam Calibration Results

Target 1 Range [66 m]
C-O mean: -0.02 m
C-O SD: 0.10 m

Target 1 Bearing [33°]
C-O mean:  0.78°
C-O SD: 0.31°

Target 2 Range [76 m]
C-O mean: -0.10 m
C-O SD: 0.06 m

Target 2 Bearing [54°]
C-O mean:  0.30°
C-O SD: 0.05°

Target 3 Range [105 m]
C-O mean: 0.00 m
C-O SD: 0.09 m

Target 3 Bearing [67°]
C-O mean:  0.21°
C-O SD: 0.05°



Range C-O: -0.04 m



Bearing C-O: -0.43°



Gyro C-O corrected bearing C-O: 0.45°



Fanbeam bearing C-O to be used: -0.89° (-1.34° + 0.45°)

Data from gyro 1 was used to correct the Fanbeam bearing to true north.  No gyro correction was applied in the calculation of the C-Os given above.  The correction to be applied to Gyro 1 is 0.45°

1.1.7 POSNET rGPS Tailbuoy/Headbuoy System Verification

Twenty Posnet buoys in total needed verifying, eleven tailbuoys and nine headbuoys.  Four sites were used to locate the Posnet pods.  Three of these sites were close enough to the boat so that the cables for the headbuoy pods would reach.  Due to a connection problem with the gun strings at first we were only able to verify one headbuoy pod at a time.  Fortunately an extra gun string was fixed so we could do two gun pods at a time, this meant that in total there were six sets of observations required in order to verify all twenty pods. 

Spectra was configured to log the position of the pods every ten seconds. The surveyor on the dockside observed a prism on the main antenna of the Western Pride every minute for a period of thirty minutes from TMP1 for the first set of pods.  For all subsequent RGPS verifications the prism was observed every 30 seconds for a period of fifteen minutes.  This was because during the first set of observations the Fanbeam was being verified also.  The surveyor’s watch was synchronised with UTC. 

The satellite constellation was monitored during the verifications and seen to be good, with six or more satellites in view above 10° and a PDOP better than 4.0 throughout.

1.1.7.1 rGPS Verification Results



RANGE
BEARING

SERIAL No.
SITE
MEAN C-O
S.Dev
MEAN C-O
S.Dev

TB 1461
1
0.43
0.17
-0.13
0.25

TB 1347
2
0.38
0.03
-0.18
0.05

TB 1287
3
-0.37
1.08
-0.49
0.49

TB 1371
4
0.36
0.41
-0.18
0.04

HB 1060
1
0.57
0.05
0.24
0.06

TB 1329
4
0.18
0.11
-0.07
0.03

TB 1052
3
0.03
0.26
-0.29
0.01

TB 1443
2
0.10
0.09
-0.41
0.02

TB 1055
1
0.40
0.07
-0.04
0.05

HB 1061
1
0.08
0.11
-0.13
0.09

TB 1051
1
0.46
0.04
0.11
0.13

TB 1342
3
0.57
0.54
0.42
0.21

HB 1480
1
0.59
0.05
-0.17
0.14

HB 1063
3
0.22
0.13
-0.19
0.07

HB 1064
1
0.77
0.21
0.03
0.17

HB 1065
3
0.60
0.29
-0.22
0.03

TB 1277
1
-0.03
0.46
-1.60
0.52

HB 1308
1
0.54
0.23
-0.13
0.40

HB 1482
3
0.41
0.08
-0.20
0.04

TB 1277(Rpt)
1
0.42
0.57
-2.23
0.65

HB 1522
1
0.17
0.11
-0.61
0.09

HB 1482(Rpt)
3
0.22
0.01
-0.31
0.01

1.2 Post-Survey Calibrations and Verifications in Cape Town, South Africa and Walvis Bay, Namibia

1.2.1 Overview

The post-survey Calibrations / Verifications took place from the 7th May to 10th May 2000 whilst docked at Berth 500 in Cape Town dock in South Africa.  Additional verifications took place whilst the Western Pride was docked at New Quay, Walvis Bay on the 13th May, where the spare dGPS receivers were verified and some of the Posnet rGPS pods verifications were repeated.

The following calibrations and verifications took place:

· dGPS verifications : Posnet (two systems), Fugro MrDGPS, QPS Multiref (Fugro), QPS Multiref (Racal)

· rGPS verifications : 11 x Tailbuoy pods, 8 x Headbuoy pods

· 308° Gyro calibration : 2 x Sperry Mk 227 and the mast-mounted Posnet pod 

· 133° Gyro calibration : 2 x Sperry Mk 227 and the mast-mounted Posnet pod 

· MDL Fanbeam laser range calibration: 3 targets

All the Calibrations and Verifications followed the procedures as set by Western Geophysical.

1.2.2 Personnel

The appointed Surveyor was Louise Cox [Western Geophysical].  Western Pride personnel included Rhod Morrison [FDQAGL] and Mike Ray, Jason Liddell, Gary Nicholson [Navigators].
1.2.3 Diary of Events (Times in UTC)

All times are in U.T.C. 

Sunday 7th May 2000

10:00
Surveyor arrives at Western Pride

10:30
Meets with Navigators to discuss plan for the calibrations

11:00
Locate existing control points (WGC1 and WGC2)in Berth 501 which was next to Berth 500 in the dock

12:00
Traverse through to Berth 500 and establish a baseline down that berth (WGC3 and WGC4)

14:00
Decide to set up on WGC1 to do the starboard side of the gyro verification but leave the verification until tomorrow.

Monday 8th May 2000

05:45
Arrive at Western Pride

07:25
Commence starboard side of gyro verification

08:52
Completed starboard side of gyro verification

13:36
Began rGPS verification for tailbuoy pods 1461, 1565 and 1203 and gun pods 1308, 1522 and 1061

14:07
Completed rGPS verification

14:47
Began rGPS verification for tailbuoy pods 1433, 1277, 1534 and 1347 and gun pods 1480, 1060 and 1062

15:18
Completed rGPS verification.

Tuesday 9th May 2000

06:45
Arrive at Western Pride

07:30
Began rGPS verification for tailbuoy pods 1454, 1342, 1055 and 1051 and gun pods 1064 and 1499

07:59
Completed rGPS verification.

Navigator’s noticed an incorrect parameter in the rGPS controllor (pitch and roll applied to the main antenna).  It was decided to repeat the rGPS verifications.

11:04
Began rGPS verification for tailbuoy pods 1461, 1565 and 1203 and gun pods 1308, 1522 and 1061

11:33
Completed rGPS verification

12:06
Began rGPS verification for tailbuoy pods 1433, 1277, 1534 and 1347 and gun pods 1480, 1060 and 1062

12:35
Completed rGPS verification

13:22
Began rGPS verification for tailbuoy pods 1454, 1342, 1055 and 1051 and gun pods 1064 and 1499

13:51
Completed rGPS verification

19:30
Vessel turned

Wednesday 10th May 2000

05:45
Arrived at vessel

08:27
Began Port side of gyro verification

09:54
Completed Port side of gyro verification

12:25
Began Fanbeam verification

12:54
Completed Fanbeam verification

15:40
Began first dGPS verification

16:09
Completed first dGPS verification

17:00
Began second dGPS verification

17:29
Completed second dGPS verification

18:00
Western Pride set sail to Walvis Bay

Saturday 13th May 2000

05:00
Alongside Walvis Bay.  Preparing for rGPS calibration

10:46
Began first rGPS verification.

11:15
Completed first rGPS verification

12:28
Began combined dGPS and second rGPS verification

12:39
Aborted combined dGPS and second rGPS verification due to poor satellite coverage

13:19
Restarted combined dGPS and second rGPS verification

13:48
Completed combined dGPS and second rGPS verification

1.2.4 Gyro Calibration

Two Sperry Mk227 Gyros were calibrated.  In addition, the bearing from the prime Posnet antenna to the Posnet rGPS pod mounted on the forward mast was logged as a third gyro and calibrated.

The latitude controls on the gyros were set and a speed correction of zero knots was used.  The SPECTRA integrated navigation system was checked to ensure that data from the gyrocompasses was being received and that all previous C-O values were removed.  The vessel was securely tied against the quay.
A logging node was started in SPECTRA with raw data being recorded to file every 10 seconds. The surveyor’s watch was then synchronized to SPECTRA time.  True range and horizontal bearings were then recorded by the surveyors from where they had set up to both targets. Observations were taken every three minutes to the targets on bow and stern for an hour and a half.

For the starboard side of the gyro, the surveyor could observe prisms mounted at the bow and stern from WGC1.  When the vessel turned however, obstructions around the dock prevented the same points from being observed from a site close enough to the vessel.  Therefore, the prism that was on the bow was moved to the top of the forward mast.  This meant that both prisms could be seen from a new point that had been established (WGC5).  The prism was still on the centre line of the vessel, but the baseline was reduced by about 3 metres.

On completion, all observations were entered into a spreadsheet and the computed heading was calculated.  This heading was then compared to the gyrocompasses observed headings and C-O values obtained. 

The starboard side of the gyro calibration (308°) was done first.  The vessel turned a few days later when it was logistically convenient.  The vessel was left to settle overnight and the port side of calibration (133°) was completed.

Following errors seen during the acquisition of previous surveys Gyro 1 [S/N 495] was the secondary gyro, and Gyro 2 [S/N 480] was the primary gyro throughout this survey.

1.2.4.1 Gyrocompass Calibration Results

Gyro 1 [S/N : 495] DIR 308°
C-O
: -0.06°

S.Dev : 0.08

Gyro 1 ]S/N : 495] DIR 133°
C-O
:  0.41°

S.Dev : 0.14

Mean




:  0.17°

Previous C-O : 0.45° October 99

Gyro 2 [S/N : 480] DIR 308°
C-O
: -0.32°

S.Dev : 0.12

Gyro 2 [S/N : 480] DIR 133°
C-O
: -0.28°

S.Dev : 0.15

Mean




: -0.30°

Previous C-O : -0.04° October 99

Gyro 3 [Posnet] DIR 308°
C-O
:  0.41°

S.Dev: 0.12

Gyro 3 [Posnet] DIR 133°
C-O
:  0.53° 
S.Dev: 0.28

Mean




:  0.47°

Previous C-O : -0.04°  October 99

1.2.5 Absolute Positioning Verification

The Western Pride had four dGPS systems to be verified.  Each system was verified twice in Cape Town and a further verification was performed in Walvis Bay, as this was nearer than Cape Town to the next prospect, and to the available reference stations.

Two Posnet systems, Posnet #1 and Posnet #2 used SARGAS differential corrections supplied by a reference station at Luanda for all the verifications.

Fugro MRdGPS used StarFix dual-frequency differential corrections supplied by reference stations at Luanda, Sao Tome and Douala for all the verifications.

QPS Multi-Reference using SARGAS corrections from Luanda and Fugro StarFixPlus corrections from Luanda, Sao Tome and Douala for the first and third verifications.  For the second session of the dGPS verifications, QPS used Racal SkyFix corrections from Walvis Bay, Cape Town and Port Nolloth.  The spare GPS receiver was used for the QPS Multi-Reference verification in Walvis Bay.

Surveying control was established at a dockside control point from where the vessel navigation mast could be clearly seen.  A prism was located below the main antenna, which is common for all dGPS systems.

The SPECTRA integrated navigation system was configured to log raw data to disc every 10 seconds.  Once confirmation had been received that all systems were operating normally the surveyors began observations from the control point to the prism. This process was repeated every minute until 30 good observations had been obtained.

The Cape Town verification was conducted in the WGS84 datum with a UTM Zone 34S projection.  

Projection
: UTM ZONE 34 S

Origin of Lat.
: 000° 00' 00.00"

Origin of Long. (C.M.)
: 021° 00' 00.00"

False Northing
: 10,000,000.00 m

False Easting
: 500,000 m

Scale Factor at C.M.
: 0.9996

The Walvis Bay verification was conducted in the WGS84 datum with a UTM Zone 33S projection.  

Projection
: UTM ZONE 33 S

Origin of Lat.
: 000° 00' 00.00"

Origin of Long. (C.M.)
: 015° 00' 00.00"

False Northing
: 10,000,000.00 m

False Easting
: 500,000 m

Scale Factor at C.M.
: 0.9996

The raw data string logged contained the latitude and longditude in WGS84 datum.  These were then converted to Northings and Eastings using Unavchk with the projection parameters used above.

The satellite constellation was monitored during the verifications and seen to be good, with six or more satellites in view above 10° and a PDOP better than 4.0 throughout.  One verification in Walvis Bay was aborted when these conditions were not being met.

The elevation mask in each system was set to 10°.

1.2.5.1 dGPS Verification Results

Cape Town Results - Session #1

Posnet #1 
[Luanda (Sargas-V)]
Eastings 
:  0.10
S.Dev 
: 0.41



Northings
:  0.34
S.Dev 
: 0.27

Posnet #2 
[Luanda (Sargas-V)]
Eastings 
: -0.57
S.Dev 
: 0.39



Northings
: -0.22
S.Dev 
: 0.21

Fugro Multifix 
[Luanda, Sao Tome, Douala (Starfix)]
Eastings 
:  2.68
S.Dev 
: 0.58



Northings
: -0.91
S.Dev 
: 0.29

QPS Multifix
[Luanda (Sargas-V); Luanda, 
Eastings 
:  0.51
S.Dev 
: 0.68


Sao Tome, Douala (Starfix)]
Northings
:  4.19
S.Dev 
: 0.49

Cape Town Results - Session #2

Posnet #1 
[Luanda (Sargas-V)]
Eastings 
: -0.32
S.Dev 
: 0.21



Northings
:  0.73
S.Dev 
: 0.26

Posnet #2 
[Luanda (Sargas-V)]
Eastings 
: -0.96
S.Dev 
: 0.13



Northings
: -0.30
S.Dev 
: 0.16

Fugro Multifix 
[Luanda, Sao Tome, Douala (Starfix)]
Eastings 
:  1.29
S.Dev 
: 0.20



Northings
:  0.88
S.Dev 
: 0.31

QPS Multifix
[Walvis Bay, Cape Town, 
Eastings 
:  0.08
S.Dev 
: 0.31


Port Nolloth (SkyFix)]
Northings
:  1.42
S.Dev 
: 0.26

Walvis Bay Results

Posnet #1 
[Luanda (Sargas-V)]
Eastings 
:  0.71
S.Dev 
: 0.29



Northings
: -0.04
S.Dev 
: 0.13

Fugro Multifix 
[Luanda, Sao Tome, Douala (Starfix)]
Eastings 
:  1.22
S.Dev 
: 0.30



Northings
: -2.95
S.Dev 
: 0.32

QPS Multifix
[Luanda (Sargas-V); Luanda, 
Eastings 
:  1.29
S.Dev 
: 0.20


Sao Tome, Douala (Starfix)]
Northings
:  0.88
S.Dev 
: 0.31

1.2.6 MDL Fanbeam Laser Ranging System

The Fanbeam LRU was calibrated using three prisms placed at Sites 1, 2 and 3 around the dockside.

The Scanning head was zeroed against a reference target placed on the centre line of the vessel prior to the start of the calibration.  An instrument alignment angle of –1.38° was required to zero the output bearing, and this alignment angle was enabled in the Fanbeam computer throughout the calibration.

The surveyor measured horizontal range and bearing observations from WGC5 every minute for 30 minutes. The raw ranges and bearings of each Fanbeam target were recorded every 10 seconds using the utility node of the Spectra system, as were the raw gyro readings.

1.2.6.1 Fanbeam Calibration Results

All bearing C-Os given after rotating to true north with the raw readings from Gyro 2, and applying a hull alignment correction to Gyro 2 of -0.30°

Target 1 Range [115 m]
C-O mean:  0.06 m
C-O SD: 0.14 m

Target 1 Bearing [177°]
C-O mean: -0.02°
C-O SD: 0.27°

Target 2 Range [180 m]
C-O mean:  0.01 m
C-O SD: 0.07 m

Target 2 Bearing [184°]
C-O mean:  0.03°
C-O SD: 0.20°

Target 3 Range [70 m]
C-O mean:  0.13 m
C-O SD: 0.08 m

Target 3 Bearing [198°]
C-O mean: -0.29°
C-O SD: 0.12°


Range C-O:
  0.07 m


Bearing C-O:
 -0.09°

1.2.7 POSNET rGPS Tailbuoy/Headbuoy System Verification

Nineteen Posnet pods in total needed verifying, eleven tail pods and eight gun pods.  Four sites were used in Cape Town to locate the Posnet pods.  Three of these sites were close enough to the boat so that the cables for the gun pods would reach.  In total there were three sets of observations required in order to verify all nineteen pods in Cape Town.  A number of the pods verified in Cape Town gave poor results, mainly during the 2nd verification.  These six tailbuoy pods and three headbuoy pods were re-verified in Walvis Bay using identical surveying techniques.

Prior to each of the verifications the positions of the pods on the dockside were established by measuring range and bearings to each one from a known control point.

Spectra was configured to log the position of the pods every ten seconds.  The surveyor on the dockside control point observed a prism on the main antenna of the Western Pride every minute for a period of thirty minutes for every set of pods.

The satellite constellation was monitored during the verifications and seen to be good, with six or more satellites in view above 10° and a PDOP better than 4.0 throughout.  One verification in Walvis Bay was aborted when these conditions were not being met.

1.2.7.1 rGPS Verification Results

Cape Town Results

Pod S/N
Tail Pod/

Gun Pod
Range
Bearing
Easting
Northing



C-O
SD
C-O
SD
C-O
SD
C-O
SD

1308
Gun
0.06
0.11
0.07
0.09
0.05
0.12
0.09
0.10

1522
Gun
-0.32
0.08
0.32
0.08
0.54
0.10
0.00
0.09

1061
Gun
-0.60
0.17
0.23
0.07
0.72
0.14
-0.15
0.17

1461
Tail
-1.00
0.37
1.32
0.27
1.99
0.48
-0.06
0.18

1565
Tail
-0.51
0.20
0.64
0.15
1.01
0.27
0.11
0.10

1203
Tail
-0.73
0.13
0.43
0.07
1.09
0.15
0.02
0.10

1480
Gun
-1.35
0.08
-0.76
0.41
-0.25
0.47
-1.66
0.28

1060
Gun
-1.45
0.06
-0.68
0.31
-0.09
0.34
1.73
0.26

1062
Gun
-0.22
0.13
-1.00
0.29
1.25
0.44
1.42
0.35

1443
Tail
-0.61
0.22
-0.44
0.14
-0.22
0.24
-0.80
0.26

1277
Tail
-1.70
0.07
-1.44
0.75
-0.63
0.89
-2.53
0.57

1534
Tail
-1.23
0.44
-1.42
0.44
-1.16
0.91
2.70
0.26

1347
Tail
-1.25
0.10
-0.54
0.14
-0.03
0.26
-1.77
0.21

1064
Gun
-0.26
0.04
0.25
0.04
0.43
0.05
-0.01
0.05

1499
Gun
-0.39
0.08
0.34
0.03
0.74
0.09
0.16
0.05

1454
Tail
-0.29
0.04
0.52
0.03
0.73
0.04
0.06
0.05

1342
Tail
-0.29
0.05
0.54
0.03
0.76
0.04
0.21
0.06

1055
Tail
0.53
0.42
-0.43
0.47
-0.95
0.82
-0.14
0.51

1051
Tail
-1.60
0.13
0.27
0.09
1.58
0.13
-0.69
0.22

Highlighted pods were repeated in Walvis Bay.  Results are given below.

Walvis Bay Results

Pod S/N
Tail Pod/

Gun Pod
Range
Bearing
Easting
Northing



C-O
SD
C-O
SD
C-O
SD
C-O
SD

1480
Gun
-0.36
0.07
-0.16
0.03
0.43
0.07
-0.20
0.05

1060
Gun
0.06
0.09
0.05
0.11
-0.05
0.10
0.05
0.08

1062
Gun
0.10
0.30
-0.01
0.12
-0.09
0.34
-0.04
0.10

1055
Tail
0.49
0.30
0.24
0.26
-0.58
0.39
0.21
0.31

1051
Tail
0.24
0.37
0.21
0.28
-0.33
0.48
0.31
0.44

1461
Tail
-0.51
0.30
0.04
0.12
0.47
0.34
0.21
0.10

1565
Tail
1.86
0.06
0.06
0.93
-1.78
0.58
0.54
0.90

1277
Tail
-0.16
0.09
0.23
0.11
0.20
0.10
0.14
0.08

1534
Tail
-0.39
0.07
0.02
0.03
0.37
0.07
0.13
0.05







