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Introduction
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*There is wide support for eLoran in Europe from the UK, Ireland, France,

Norway, and Denmark

*However, the Finnish Maritime Administration has raised concerns about
performance of eLoran in densely packed island regions — archipelagos
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The Orkney Islands RESEARCH S
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*The aim of the GLA’s Orkney Island eLoran trial was to attempt to dispel
these concerns
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Temporary dLoran Reference Station RESEARCH &
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=*NLB depot Kirkwall
*GLA’s “Burger Van” (MMU)

*DGPS position survey performed

=Equipment can be setup as ASF
Measurement Unit, or a Reference Station

=Brief nominal ASF measurement

=[_oran stability measurements



Results: Static Data
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|25.EI i Set

—Statistic
Current Data: Statistics:
Lat H Lg.988538850 Avg Lon - L2_9829c204
Lon H —Z.977758780 Avg Lon - —Z._87771E33
Mode : AZF eloran Offset = 2.7 m
Aweg Err - 4.4 m (50%)
10.1 m (35%)
13.1 m (39%)
Bezal Err: .2 m (E0%)
10.7 m (3E%)
13.6 m (39%)
flk= - 17237
—Reference Positior —Date and Time
I 5B8.938968650 Lat I 10-Jul-2009 11:358:37
Set
I -2 A77FR0320 Lon
Restare from Begistry |
—Protection limit —Ophion

b &= number af poinks:

I‘l 0 seconds observation

R estore from B egizty

|2uuuun

Latitude {m)

25

+ eloran

Scale: 25m
(]

Centre |

Freeze

Longitude (m)

reelektronika

»24 Hours data measured at Reference Station on 27 June 2009

=10.7m (95%) “Real Error”

sThere is an offset of 2.7m

*No differential corrections were broadcast — so this is just ASF Loran.
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=Red, Blue and Green
routes sailed in order on
three separate days

»230nm total length

=23 hours worth of
dynamic data at 10kts




Vessel Equipment RESEARCH &
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sNLV Pole Star
sReelektronika ASF Measurement Unit

=Main unit: eLoran Monitoring System

eLoran Monitor System

Power




Receiver Modes of Operation RESEARCH &
ANy L

GENERAL LI

. Autonomous (or Standalone) Loran - ASFs are not available within the receiver,
there is no GPS calibration and no dLoran. Not eLoran!

. Calibrated Loran - While GPS is available the eLoran output is periodically
calibrated by the GPS position solutions. This is effectively the same as
continuously using the GPS position as a “ground truth” and computing the offset of
the eLoran positions from it. Almost like having ASFs everywhere. Not eLoran!

. ASF corrected Loran - Additional Secondary Factors (ASF) are available and
stored - the receiver will be capable of outputting a position solution based on ASF
corrected Loran. eLoran for aviation NPA, but NOT for maritime Harbour Entrance
and Approach!

. Differential-Loran (dLoran) - If ASFs are available within the receiver, and
differential-Loran corrections are available from a nearby differential-Loran
Reference Station. This is eLoran for maritime Harbour Entrance and Approach!



Principle of Trials RESEARCH &
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=G0 out and assess Loran performance around as much of the the Orkney
Islands as possible over the three days

=Calibrated Loran used as a quick first check
=Sanity check

sSome caveats as we shall see!

»Post-process results back in the laboratory (and aboard ship!)

*Run logged data back through Reelektronika’s logging software to get scatter
plots

=Also we have written our own software for more precise post-processing of
raw Loran TOAs to demonstrate eLoran performance

=Attempt to do real-time dLoran harbour entrance and approach



Results: Calibrated — Red Route
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Results: Calibrated — Blue Route RESEARCH &
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Results: Calibrated — Green Route RESEARCH &
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Segmentation of Routes — Red Route RRUISEARCHS
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Segmentation of Routes — Blue Route R%l%“ﬁfﬂé‘molw
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Segmentation of Routes — Green Route RRISEARCHS
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The Hoy Sound — Calibrated Results

Red D
Real Error: 29.7m (95%)
Offset: 3.9m

Green D
Real Error: 35.9m (95%)
Offset: 2.5m

RIESFARCH &
ADIONAVIGATION

GENERAL LIGHTHOUSE AUTHORITIES

Integrated Pogition | Loran Stand alone | Loran Difl

Current Data: Statistics:
Lat o kB_g3870500 Lat Off : 2.8 m
Lon D —3.18708300 Lon Off : .7 m
Offset - 3.9 m
Awyg Err - 11.3 m (E50%)
28.3 m (95%)
21.0 m (99%)
Real Err: 12.5 m (50%;)
Z23.7 m (9E%)
34.1 m (39%)
#0bs H 460
Set Centre Position

Latitude (m)

10 ]

Centre Position Options

58.95547350 Lat Set I ax number of points:

200000 Sel
3.39227300 Lon  Save

Drate and Time

=20

~30

IRizstine [14Jul2008 | 031643

Loran vs GPS
L e Loran vs GPS Sync Source
Ol leene + eloran UTC

Accuracy Target 100 m et " GPSPPS

~40 -]

50

%

o
[x)

=3 REEEEEEEEE

Integrated Position
Laoran Autonomous
Laoran ASFDitferential
Loran GPS Calibrated
GPS Postion

Centre

Freeze

reelektronika

Integrated Position] Laran Stand alone] Loran Diff - Leran Calibrated | GP'S Position

Latitude (m)

Current Data: Statistiecs:
Lat :  EBB.8384E5530 Lat Off : 0.2 m
Lon o —3.E13159540 Lo Off : Z.5m
Offset - Z.5m
Avyg Err - 1Z2.1 m (50%)
24.Z m (9E%)
39.9 nm (99%)
Real Err: 1Z2.2 m (50%)
2E.9 m (95%)
41.9 m (99%)
#0bs : 653
Set Centre Position
Centre Positian Options
5895793650 Lat Set Max number of points:

200000 Set

-2.96197983 Lan Save
Date and Time

=30 4

Restore | 28Juk2009 | 10:28:52

Laran vs GRS Sync Source

Loran vs GPS
v Laran vs GPS

Accuracy Target (100 m Set " GPS PPS
Loran Time Lag (25 =

¢ eloran UTC (558}

a0

A04----

oot

and oo

(R

[ R
=}

=3 REEEE R

o
[x)

Longitude {m)

-
E4-----

Integrated Position
Loran AutonomoLis
Loran ASFiDifferential
Loran GPS Calibrated
GPS Position

Scale: S0m

Eil

Freeze

reelektronika




582

a1

S0

-k

L4

SE885

ma

875

Hoy Sound: Instantaneous Error

RESEARCH &

ADIONAVIGATION

GENERAL LIGHTHOUS

AUTHORITIES

United Kingdom and irefand

o

o

Accuracy:

ASF
SR
Errar

O
@)
®

Anthorn 6731
Syt 6731 Z
Waerlandet 7499
Ejcle 9007
Sylt 7499M
Waerlandet 007

| 3EA054

Pairt1: (5]
Latituicle: o
Longitude: a

“alue: o

Pairt2: (T}
Latitucle: o
Longitude; a

“alue: ]

[Ouptut Highligitted

l Extract log file

-3.32

-3.3 -3.28

-3.26

-3.24

3.2

[ Al ASF Map

l Close

:
Al
o
o
Pl (%) [
Lotturde. L]
LorgRude: []
ks o
ream )
Lattude: o
o
I
s
Aidd AT Map Coze




Anthorn-Ejde DASFs RESEARCH &
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Effect of Averaging of GPS Calibration RESEARCH &
ARICINAVIGATION

22 I I [ I I
Anthorn DASF
“aerlandet DASF
Calibration Errar

R
|

—— F ~{E0
18 -
— | 50
2 E
0 1 g
% 1L
30
141 -
20
121 -
MMMM
] ] | | 0

0 250 500 750 1000 1250 1500
Time (secands)




GLA DASF Measurements
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DASF Results RESEARCH ¢
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Grid Position Error

D Element
Size (m) Average m Realm (95%) Offset ()

.  DEpEE (95%)
Calibrated 24.1 245 5.8
1000 125 14.3

750 11.9 127 3.
500 10.3 11.9 2.9
400 11.6 12.0 2.1

300 112 124 3.1
250 10.0 12.0 2.9
200 112 12.3 2.8

150 13.0 15.6 4.1

100 382 47.6 9.0
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Non-

differential
(ASF Only)
None N/A 10 16.2 1.4
(epoch-by-
epoch)
SSSSS g e Exponential o =005 30 per pair
\ ; 3 Mins
Exponential =002 30 per pawr 11.0 1.2
8 Mins
o Exponential o =0.01 30 per par 10.7 1.3
Sl Tt Sk o 16.5 Mins
o } el
L0 o b s




Kirkwall Approach via Shapinsay Sound
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v -~ Errar in Longitude (m)
Positioning Average Real Error Offset
Green A — Measured DASFs Type Error (35%) (95%) (m)
(m) (m)
Green H — dLoran Harbour Approach
Calibrated 10.8 10.8 1.2
dloran 135 15.0 3.2
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Error in Latitude (m)

Errar in Longitude {m)

Red A — Measured DASFs
Blue F — dLoran Harbour Approach

Positioning Average Real Error Offset
Type Error (95%) (95%) (m)
(m) (m)
Calibrated 12.0 121 1.0
dloran 12.7 124 2.8
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295 28 285 28 Errar in Longitude (m)
Positioning Average Real Error Offset
Type Error (25%) (95%) (m)
(m) (m)
Calibrated 1.7 1.7 2.0
Red B — Measured DASFs dloran 10.7 12.0 4.3

Blue E — dLoran Harbour Approach




Conclusions — Orkney Islands AbioNVIGATION

= |Loran functions exceptionally well in the Orkney Islands, with no

loss of signal, and with potentially sub 20m accuracy available in
most places
- Position accuracy of 11m (95%) in Hoy Sound using ASFs and differential-

Loran (eLoran)
- Successfully applied differential corrections from a Reference Station 20km

away
- 500m ASF cell size agrees with US studies (Greg Johnson’s team) and

provides good results in the Hoy Sound



Conclusions — Calibrated Loran RESEARCH &
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= GPS Calibrated Loran is good for quick assessment of potential
Loran performance, but:

Not optimal for demonstrating eLoran’s maximum potential accuracy
performance

If you are a potential user evaluating eLoran be careful!

Nothing can replace making ASF measurements and using the good quality
TOAs coming out of modern receivers in your own position solutions!

Can be used to identify regions of rapidly changing ASF, compared to
smoothing time-constant, thus identifying where ASFs should be measured
Sanity check of eLoran results



Conclusions - Archipelagos AbioNVIGATION

= There is no reason why eLoran should not work in archipelago

areas assuming:
- Good eLoran station geometry
- Good eLoran signal strength
- ASFs are mapped along important narrow channels, augmented with
dLoran, to cater for rapidly changing coastline profiles



Further Work ADIONAVIGATION

= Further develop GLA'’s software
- Live operation
- Post-processing

= Solve latency issue in consultation with Reelektronika

* Further post-process data
- Fine tune our techniques and algorithms
- Look at other areas where we have DASF data available and
repeated runs

= Revisit the Orkney Islands with more targeted tests in mind
- Absolute ASF measurements — ASF Measurement Equipment
- Live dLoran trial
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