Recap on Radio Positioning Systems used for DP over the past twenty years
Syledis

During the early eighties the North Sea was covered by large Syledis networks. This system enabled
vessels working in the oil fields to have 24 hour access to 2 - 5 meter accuracies which was a great
improvement over previous lower frequency systems. Syledis signals were stable to about 80
kilometers from each base station, and the vessels needed to access a minimum of three sites to
obtain an accurate position. Operating in the 420 - 450 MHz band, Syledis was a huge success giving
acceptable accuracies even when compared to shorter range microwave systems such as Trisponder
and Mini-Ranger.

FiG, 7 - MiOAILE UNIT

FlE, 8- BEACDN (8 - BOOETER AMPLIFIER (A} AND L.D. FILTER (F
POR A SYLEDIS LD,

Syledis Mobile Unit (1)
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Syledis Base Station (2)

Syledis networks remained active and highly utilized until the early 1990's. Syledis was operated in
conjunction with DGPS for several years and was used as the primary truth test for the eventual
acceptance of DGPS as a stand alone survey positioning system. It should be noted that Syledis
accuracies are dependent on the geometry of the fix.

Artemis System:

Artemis Systems were a common sight on offshore drilling structures, and were heavily utilized for
DP station keeping. Many were purchased by oil companies and permanently installed on surveyed
monuments located on the rig’'s corners. When dive boats or well intervention vessels came to work
alongside the platform the vessel would simply tune to the rig’'s Artemis channel and have relative
position accuracies of 0.5 meters (2 sigma) up to 1400 meters from the structure. High power
options were available which could provide positioning out to 25 kilometers at accuracies in the 1.5 -

2 meter range (2 sigma).
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Position data of the mobile unit with respect to the reference unit is given as bearing and distance.
The measurement of the angle is based on two mutually and automatically tracking microwave
antennas. Once locked the reference antenna aways points in the direction of the mobile
antenna.

The microwave tracking antennas are joined by a continuous wave, bearing is displayed to an
accuracy of 0.03 degrees. (2 sigma
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ARGO DM - 54 .
Artemis System (3)

Argo was a long range radio positioning system that could provide accuracies in the 4 - 7 meter
range. It had a range of 400 kms and could utilize data from 4 reference sites in the circular mode.
Argo used phase comparison techniques and operated in the 1.6 - 2.0 MHz band Argo was used as a
DP input primarily in areas where short range positioning systems were unavailable. As the ‘lane
(0.5 of the wavelength) was between 75 - 90 meters a vessel station keeping needed only to check an
Anaogue Chart Recorder to maintain confidence in the system. As with all other multi-reference
station systems working in range - range, positioning accuracy is strongly dependent upon the

geometry of the ‘fix’.
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Argo (4)

Artemis systems are still in common use around the world for DP station keeping. Other radio
positioning systems also used extensively over this period included Pulse - 8, Micro-fix and

Geoloc.
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DGPS / Glonass

WHERE ARE WE?

GLONASS - GPS Comparison

PSS GLONARS
Hariz. Accuracy (95%) 100 m 20 m
Selective Availability ¥ es No
Signal Separation Code Frequency
Mo of satellites 24
COrbital Inclination o
Orbital Period 11h 58 min 110 15min
Fime Reference UTC {IISND) LUTEC (817)

Geodetic Datum WG SB4 PE-90

Glonass / GPS (5)
GPS and Glonass are separate systems giving excellent correlation. Our trials show that when
using dual systems both differentially corrected a base line of 1000 km would give errors of only

1.5 ppm which equates to 1.5 m without compensation. (Papers from Fugro Starfix Europe AS
are available on request).
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Reference Frame Difference

Difference between WGSS4 and PZ-% is a rotationt of
abhout 0.37-0.4" around the z-axis

*  Stand alone positioning:
— <15 m (average 5m) difference w/o compensation
Difterential positioning:

Up to about 1.5 ppm error w/o compensation
(1.5 ppm corresponds to 1.5 m al 1000 Km)

Aim to bring PZ-20 towards ITRF (like WGSE4)

Reference Frame Difference (6)

The basics of radio navigation apply to GPS/Glonass as well as terrestrial systems. Firstly, we
must know exactly where our reference stations are at a particular time. Using GPS; satellites
are our reference points. We then measure our distance from each satellite by looking at how
long it takes for the signal to reach us. The GPS receiver computes where it is by a processor
using space segment survey calculations. Each satellite helps the receiver define where it is.
Ranges intersect circles and after three measurements the receiver has established its position
to two possible locations. As you usually tell the receiver where it is approximately, a fourth
measurement is not absolutely necessary as one of the positions obtained offered by a third
measurement would be so unlikely i.e., off the planet, that the receiver would automatically
reject it.
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Differential DGPS GPS and differential Glonass is a simple principle. Reference stations are
installed over highly accurate survey monuments. Receivers at these sites look at the data coming
in from each satellite. The receiver knows where it is and can calculate what adjustment needs to
be made to each range to make that measurement a perfect fit. The GPS receiver then outputs
these differentials which are broadcast to the DP vessel. In the worldwide DGPS systems
currently available, data from each site is transmitted at high speed to control hubs where
compression and QC functions are performed, strings of corrections are sent out to users
containing information from up to 30 reference sites. DGPS software on the vessels running on
either a PC or imbedded into processors calculate which sites they need data from, for example,
the nearest ten, and merge this with raw GPS to create an optional solution. DGPS additionally
helps us remove errors from the following sources:

o Satellite Time Errors

» Signal Delays by the lonosphere and Troposphere

* Receiver Clock Errors

» ‘Selective Availability” (SA) DoD induced Clock and Orbit errors
» Ephemeris Error, Imprecise Satellite Orbit Data

DP Operations

+  Operations using Dynamic Positioning
3 Independent Systems required
e goes down, must start planning to discontinus
v & Syslems used durine operutions
based svasteins doe 1o ower cost tlan Acoastic

5 systems wilth inde pendent trapsmission links

Differential GLOMNASS s seen to be cost effective aliernative

OPS Using DP (7

Many areas of the world are covered by wide area differential systems. The largest prgvid(e;s of
this service are Fugro, with the Starfix system and Racal in SkyFix. Asan example here are two
of the Starfix coverage areas, one global and the other a ‘spot’ system used in North/Central
American and the Caribbean. These systems have commonality in the same reference sites but
have independent space segments to minimize potential interference localized on a vessdl.
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Starfix Coverage (8)
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STARFIX - Spot Coverage

AR W L

o Matwerk Conrel Cenber

Deviation: Capable of 0.5m sid. dew, wilh a
Quality GPS Racaiver

. Contact:  John E. Chance & Associates - Houston
Satellite S5-Il Tel. 7137735670 Fax 713-773-5608

Starfix Spot Coverage (9)

Starfix DGPS corrections are broadcast over Inmarset and Starfix - Spot areon a“C” band
commercial satellite.
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User Equipment on the Vessel

There are currently two primary ways of incorporating all the information available from a Wide
Area DGPS system into a position string for input into a DP System. The user can mobilize
computers running multiple reference DGPS software such as Fugro's MRDGPS or Racal’s Multi-
Fix which handshake with survey quality GPS receivers to provide aNEMA position string.

STARFIX.MRDGPS

MADGPS (Muli Releranca  and campiied &1 e mobida unit  indvicual and  mudtipls  ATCW
Differentisl GPS) s part of 80 provide (e wser with & eooices,  Wedepanden] posiions
Fugm's SterFix sulbe of reallime indicalion of the postion  from each can be compuied and
Integroted navigation software,  performance.  This is schieved  combined to provide 8 Waeighied

providing the moaf advanced
DGAPS  positioning end  QC
available. Each diaploy acisan

by preseniation  of  qually
[arAMEes as moommended by
LEO0A,

Mean (Posticn Domar) of
Witual Base Siaton [VBS
comaction domain) solutian with

can be easily configured by
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Starfix MRDGPS (10)

These systems have high end statistical testing routines and perform numerous tasks that may
not be applicable for al DP applications and may in some cases be duplicated by the DP control
system.
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A relatively new concept in DP positioning is the Virtual Base Station (VBS) The VBS takes
technology used in MRDGPS and combines it into an intelligent black box with avisual display
panel. A VBS system uses al reference stations in the vicinity of the receiver and computes
an optimal set of RTCM corrections for the users position. In thisway the user is provided
with corrections world wide, without the need to manually select the closest reference stations.
VBS technology allows a demodulator, processor and high quality survey GPS receiver to be
combined into one unit so eliminating various cables, VCU’s, and computers. An integrated
key-pad and display additionally allow operators to monitor real time performance. Key
system parameters may also be accessed via a simple menu system.

G RO
STARFIX DGPS VIRTUAL BASE STATION _F

A e ETARFIN DGPS Wnes

Faaluras
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VBS (11)
The two major providers of Satellite delivered DGPS corrections utilize Inmarsat. To access

these data sets on the vessal it is usually possible to connect into an existing Inmarsat system.
DGPS signal reception does not effect the performance of the client’s Inmarsat system. Small
receive only domes are available as a back up to the vessels existing antenna or as prime, if
required. DP Conference  Houston  October 21- 22, 1997  Session 8
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Microdome™

Charce bas g Aizion of adersinp in Jansvathe Jng conr-affsstios lehnalogics’
ankaiara far ifa dnlerntonal band se manfime clenis.

The lates| davelapment in the STARFINE DOPS senvice io be provided by Jahn
E. Chanca & Assodlatas, Inc. (Chanca| is the revelutkarary Microdome. This wnit
Iz the weelds. smallest inegraled Inmarsat (L-Band) =alalite anlenna and
demediualor for Inmarsal defivered DEFS coreclians,

Measuring a mere 55cm x 35em, Micradame weaighs only kg and can be easi
Iy carmead by hand, making il 1he ideal chaios lor & vanety ol postaring appi-
calions,

In_one package, Microdame provides the user with standard ATCM forman
OEPS cormaclion messages lor precise ravigation.

The system's Unique design avercomes any cable rewrap and AF connuiy
and conlirms Chance’s posiion as an mdustry leadar in tha Bald of DGPS fech-

ralogy.

Technical Specifications
Dimengions:

Waigha:

Prower consumplion:
Mounking:

Cparatonal lemperatung range:

Humidity:

Azimuth slahikzation:
Elavafion stakilization
Lratap raguin mants:
Redipitch:

Antanra (patar perding):
Liser aulput data rale:
Diata aulpul:

Dhslpul Termaks:

32 cm damabear, 55 cm hesght
B kilos (17,6 lbs)

18 - 36 VDC, 30 Watls

on 50 mm or 27 pela

20 1o =40 deg C

L b 1009

Angular mie gy, 50 degiEps max

Meone, mat recuined

Mene, confinuous

Lass than 15 dagrese 85% of 1he lime
L-band, RHCF, 12-13 dBic, 40 dag beam [-3dB)
1200 bits per sacond

RS5E32, 9500 baud

STARFIX {prmat, optional ATCM 104 rev 2

The Lt (5 povfabis, making i ideal fer
vanidus ponianing appiEa fons.

Microdome Features

= Low cosi

« Gmal size

Fully integrased L-Band’

INMARSAT recaivar and

damadulaiar

= Eagy b install #nd o cparale

« Rkl oparation

= AEmuth slasilizad

+ Fagl azimul malor, hdl jurn
360 gag in 5 secs

+ Mo unwrap requirements

+ AEA32 ougpul

* Law power opemlicn, 30W

« Dplianal BTCM 104 ey 2 ouipst

.

Erpyrighe Jshn £ Choroo & Assscuies. e 1508 B8719-0057

Microdome (12)

To summarize, Multiple Reference DGPS has become the standard surface position input for

DP.

In areas such as the Gulf of Mexico that have numerous reference sites in close

proximity. DGPS can provide stable sub-meter positioning. Glonass receivers continue to
improve and difference between WGS-84 and PZ-90 are being effectively modeled and
applied. Differential Glonass is available now on a project basis in specific geographic
regions. Accuracies will continue to improve at a rapid pace as new technologies are fully

implemented.
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