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Vveripos &
Introduction

Ideal surface positioning system
should provide a position that is...

CONSTANT STABLE

Reliable — consistently good in quality or i

I W performance; able to be trusted

ACCURATE REPEATABLE

RESULT = reliable position

However...we don't operate in the ideal world!!
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Vveripos &
GNSS Technology

e GNSS satellites
— Located approx 20,000km above surface of the Earth
— Transmit power ;oW

e Weak signal by time it reaches user antenna

e Signal susceptible to degradation through interference
— Propagation through the atmosphere
— Jamming (intentional or un-intentional)

e Require line-of-sight to receive signal
— Obstructions block the signal

RESULT = unreliable position
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Satellite Constellations
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Satellite Availability & Signal Structure

Vveripos &
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Vveripos &
New & Improved Signals
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FIGURES Comparison of the time series of the three coordinate components using simulated Galileo E5 (upper plot) and GPS

L1 (lower plot) CPC results; 2.290-02 is read 2.290-10-2 meters; GNSS time of day format is hh:mm:ss

Source: “Exploiting the GALILEO ES Wideband Signal for Improved
Single-Frequency Precise Positioning”, Inside GNSS, Sep/Oct 2012

e ™ e New Signals:

R Ly b ey e s

o S e GPS L1C, Lg and GALILEO signals all

e [ have higher power than GPS L1 C/A

:l Longer code sequence » better tracking
i in difficult environments

T e Pilot signals (GAL E1, Es, E6, and GPS
e P Lic, L2C, L5) » enable weak signal

a1 Ll o acquisition and tracking

. i GPS L1

o T2 ] - Wide band signal (Esab) » is less affected
e | ' by narrow band interference, less

I TRRT— TR multipath

Faster chipping rates » less noise and
more precise code observations
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Integration & Evaluation

Vveripos &

Fla Confiy Logging Action Veew Tesl Window Fia Confiy Logging Action Veew Tesl Window
DEE »wil b8 la 0 [6F0G60: e®Ea .t DEE »»nena o|orsoo caa e
L
o CF 4 PRN 505 B1 SrEiE
w0
3
(1]
o
2 LE
| 223 | 2w
.84
CA [ 473 [ 2085610100 0.
12 [ ns [ acessioeoy | oo
ca | any [ zapwomnry | om0 | znzaasesss | gz L e I s
02 | zad | pmwwmrar | v | wswrrrer | arses e e
ca| 3o | zevmens | s 258060 - e e g e
| a0s | sevessy | ves | mrmossm | asia " x ey
€a| 450 [ 2memron | oee | famenses | oy free: L,
| 323 [ 2eeamenar | oas | esseveosss | mesn e Ba.
o o | 2monnae | 1m0 | aesmssmsy | e ZE0
Bt | 1M A A2 [ 193 | 2esdazerny 101 | 100505515.1%% | 165E40 | Vecorrected =
ks | masicssan 6 | 03 foma o [ 32 | ewmasoesy | zss i
o7 | vhenseiiises [PHRTE T e
12| 80 (228) o9 | 1aanarressr 37| 6 (23] €a [ 473 [ 292083003 [T .
iR 2 | ep | mmmsaoos | oaz [F 154 1258 1200 o [T 13:08 130
nesIsra =
1| 15 i) 1L 308 [ -
e o T
VTSI % Seph e 2013 1:LISINEY
¥ 190217241882 [ [iE] (] (23]
| 7 o] a6 | s e Receirea F I X N
a8 |t Uncomected (statie) — -
a7 | imersast Uncomectea (3tatie) e
o | wiorentecu tncorrected (G55-GAL
ncaryeicted (658 E PN EITLIBE - Calcutotion Statuy
04

¢ Time Seteu Trinl Poirn Zevenved: Dehta Eat)

Pusition | Difference | wnooa | statists | scamer |

2

g S S

12:0 =4 12:50 100

. M] i,

Duongle: £76 Days Remainng.

1310

N P

s Rezenen
Uncomected (Stable
Uncoimected Statie)

Dungle: £76 Days Remaining.

MTS DP Conference 2013




Vveripos &
Improvements in Robustness/Accuracy/Convergence
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Vveripos &
What Constellation Combination?

e Any combination is feasible
— Nossignificant technical barriers

e Accuracy and convergence benefits of using
extra satellites drops off beyond 20-25 SVs
e What does the user want
— all-in-view
— smart & selective GI—O GA]—
— meet client contractual specification : :
Y

e Regulatory requirements?

e Choice will mainly be driven by Solution
Availability vs. Solution Diversity/Independence

MTS DP Conference 2013
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Data Delivery
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Vveripos &
Data Delivery to Users

e L-band
— Point to Multipoint service
— Good coverage across the Earth
— Easy to monitor performance to ensure data delivery
— Operates up to ~74°N/S

e Internet Delivery
— Through vessel V-Sat or Iridium system
— Monitoring of data is a major limitation
— Data delivery can be delayed due to bandwidth and
amount of traffic
e Terrestrial Radio Broadcast
— Good alternative to satellite delivery
— Limited range
— High operating cost (site/power/licence/maintenance)

MTS DP Conference 2013




Vveripos &
Iridium

e Iridium satellite communication system can
provide coverage in the polar regions

Consists of a network of 66 low Earth orbiting
satellites in a polar orbit

Omnidirectional antenna used

Iridium Pilot service
— Broadband internet

Ideal for maritime operations at high latitudes

b iridiom ™"

Ve O
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veripos &
Issues with Iridium

e Iridium is a good solution for operations at

high latitude
Ultra Position: 3D Residual Error vs Latency
e Based on experience it does have some issues 5 Upto 2hours
i Dataset 1 | l
e Major challenge is the user switching satellites ¢ 4 |—ss: w \M \
- PO o I
on a regular basis £ o] I Mﬁ
— Introduces breaks in data = increased v 5 ‘L H”;‘H‘
latenc & “ i
1 Y , ] . 8 11 ‘ “ “Mh w# i Fﬂf“ m
— This can result it loosing position ol ml i *ﬂﬂ PR \.,
: g - 4 0 | . | :
— Solution is to increase age threshold in 0 1200 2400 3600 4800 6000 7200
pOSition algorithms Latency (sec)

e Also witnessed issues with buffered data
which can cause problems with positioning
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Antennas
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Vveripos &
Antenna Installation

e Badly installed antenna will directly affect
system performance
— Loss of position or poor quality positioning
— Vessel unable to work
— Out of operational specification

e Several aspects need to be considered
— Clear line of site to the sky
— Minimization of multipath

— Cables and connectors which will influence
signal attenuation

— Proximity of interference sources
— RF over fibre for long cable runs

MTS DP Conference 2013




Vveripos &
Antenna Selection

e Factors to consider in selection of antenna
— Frequency coverage
— Gain pattern
— Polarization
— Multipath
— Interference Suppression

e Many aspects of the antenna are inter-
dependent

e |ssues with combined GNSS and L-band

— Trade-off in performance
— Issue working at high latitudes

MTS DP Conference 2013




Interference Suppression

Vveripos &

* Receiver technology can help combat
interference

* Proper antenna design can keep out signals
that cause interference

e Use of filters to keep out un-wanted signals

e Inmarsat Sat-C is a system that can affect
GNSS systems

— Incorporate a sth order filter to reduce
impact of Sat-C transmissions

Insertion loss (dB)

Fifth order filter responses

220 4

230 4

40

A0 4

-F0 4

——Standard fitth order filter
——Single notch filter
Standard 3rd order dual

filter

-70

1430

1500 1520

1540

1560 1580 1600 1620 1640
Frequency {MHz)

1660
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Preventive Maintenance
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veripos &
System Maintenance

 Allinstallations will deteriorate over time
— lrrespective of how good the installation

e Above deck equipment
— Exposed to the elements
— Check cabling and connectors

e Below deck equipment
— Check cabling
— Upgrade firmware/software

e Planned preventive maintenance
— What inspection periods?
— Remedial work completed as soon as practical

MTS DP Conference 2013




Vveripos &
Antenna Cable Issue

e Clear difference in number of SV’s used by two solutions (L1/L2 and L1)

e Deterioration of antenna cable caused issues with L2 tracking — cable changed out
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Sensor Integration

MTS DP Conference 2013



Sensor Integration

Vveripos &

 Sensor technology will continue to develop, evolve and
become reliable

e However, each sensor will always have some limitations
e Sensors used offshore are complementary

e Integrate and create a fused solution that when
combined deliver a position that is:
— Constant
— Stable
— Accurate
— Repeatable
— and Reliable

y 4

V4
p 4

N
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http://www.sonardyne.co.uk/Products/PositioningNavigation/compatt5_ehf.html

INS — GNSS Integration

Vveripos &

e INS and GNSS are complementary sensors
— GNSS can help constrain the drift of the INS sensors

* Integrated solution exploits
— Long term accuracy and precision of GNSS
positioning
— Continuous availability and fast update rate of
inertial sensors

e System designed to bridge any GNSS disruptions and
also to detect position outliers

— Common mode failures which can otherwise affect
vessel GNSS systems simultaneously
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Vveripos &
Increased Complexity

e Increased complexity of different modes of system

operation
— Potential for different combinations of sensors Youmesh axouine: | 159 fou ez |2 5000 POTNT.
HUNDRED FEATURES. ABLE TO USE A PRODUCT FABY 1O UBE"

WITH THAT LEVEL OF

— What is the optimal combination | CompLExTY?

)
— How is each system monitored or quality controlled M ;

e Arequirement to interpret and understand what is
happening with calculated positioning solution

TO THE LIST.

\

e Additional complexity within individual sensors wopuorne |l wwommoner I, e ion,
- r . THAE}FEE‘.\A::DCE!EYW § Hggg%r_gg%?-?l? i’ FAILED WITHOUT YOU.
— e.g. GNSS will have potential to use different - , % ) - ) Ten-
combination of constellations S ‘ ; A D
- Ig é 2N

e Sensor integration to improve solution robustness

and accuracy
— Loosely or Tightly coupled?
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@ Randy Glasbergen / glasbergen.com
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Data Interfacing

GLASBERGEN
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Vveripos &
Data Interface

e Transport of information from the GNSS sensor or
positioning system relies on a data interface

e Most commonly used standard is the NMEA protocol

* No specific provisions for integrated position solution
— Independence
— Quality
— Consistency

e There is a requirement to develop a new interface standard
— Ensure compatibility between systems
— Provide the appropriate information to the operator
— Unlock the full potential of sensors and technology

MTS DP Conference 2013




Vveripos &
NMEA

* NMEA standards designed to

— Facilitate public interest in interconnection & interchange

ability of equipment M National Marine
I | ) | ) Electronics Association
— Minimize the misunderstanding & confusion between :

manufacturers
— Assist purchasers in selecting compatible equipment vy F—
A - 1 UTC of Position
— Aimed at consumer rather than professional users? 25 Latude N (Norty o oy
45 Longitude, E (East) or W {West)
{ i : ] L L : [ GPS Quality Indicator: 0 = No GPS, 1 = GPS, 2 = DGPS
e GPS receiver communication is defined within the 7 [morol sulies o
8 Horizontal Dilution of Precisien (HDOF)
Speclflcatl On 9,10 Ante-nnsAIt'rtude. in I-\deher& M = Meters : _
112 e iferanca botwoon 6 WGS 84 sarh olipsckd and moan-
- NMEA 0183 Commonly Used Wlthln DP eqUIpment and 13 ::I;V:fferermaIGPSData.ﬁmeinseonndssinoetnelastType
sensors that connect to the DP system oot s S 5 G0
nh Chacksum

— GGA sentence extensively used
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Vveripos &
New Interface Standard

 NMEA sentences are being stretched to accommodate new technology
— Message structure is inefficient and non-optimal

e Other markets and users are looking to develop a new interface standard to
replace GGA

e Proposals have been put in front of RTCM SC-104 committee
— RTCM believes that this belongs with NMEA
— Discussions between NMEA and RTCM on how to move this forward

e Proposed message format designed to
— Provide more comprehensive information than NMEA sentences
— Allow traceability, validation and downstream processing
— Unify interface between systems and vendors (hardware/software)
— New message format aimed at land users
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