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What Requirements Must be Met?

ements

ﬁ [lability, integrity, continuity
equirements

jation: NPA'— RNP 0.3 (309 meters)

» Maritime: HEA (8-20 meters)

. Limitations

» Spatial and temporal variations in TOA observed by the
receiver and presented to the position solution algorithm
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itime Solution: HEA Nav Concept

Irrected TOAs
ope S\Pme/a\’tial component:

hed grid, interpolate between grid points
Issues include grid density, regions of interest, and grid creation

» To remove temporal component:

* Local monitor receiver, broadcast offsets over LDC

* Issues include correlation distance, monitor averaging, multiple
monitor interpolation
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Goals for Today

ial ASF Grids

QW\M»MethOdOIOgy
to a grid

WH wred grid density.
» Performance examples

. Temporal Corrections

» LDC architecture for live broadcast of differential
corrections

. Prototype elLoran Receiver
» Sample navigation performance
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Harbor Survey Methodology

* in general the area of interest needs to be over-bounded.

. Conduct field test

» Static monitor somewhere in the harbor area (harbor
monitor)

* Perform data collection mapping throughout the harbor;
measure ASFs and GPS position
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Harbor Survey Methodology

| iminates any temporal variations (due to daily, seasonal,
Ve Ner, or'system timing effects) from the measurements.

. Create spatial ASF grid from tracks of relative ASFs

. Procedure developed and refined over a series of
harbor surveys
» New London
» New York
* Norfolk
* Boston
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NY Iiarbor Phase |

Continuous vessel tracks in upper harbor
Static locations in upper harbor

Vessel
Van on shore
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Survey Vessel, Launch#s

[
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NY Harbo Coverae
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Nantucket Relative ASFs
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ASF<=-1
-1<ASF<=-0.95
-0.95<ASF<=-0.9
-0.9<ASF<=-0.85
-0.85<ASF<=-0.8
-0.8<ASF<=-0.75
-0.75<ASF<=-0.7
-0.7<ASF<=-0.65
-0.65<ASF<=-0.6
-0.6<ASF<=-0.55
-0.55<ASF<=-0.5
-0.5<ASF<=-0.45
-0.45<ASF<=-0.4
-0.4<ASF<=-0.35
-0.35<ASF<=-0.3
-0.3<ASF<=-0.25
-0.25<ASF<=-0.2
-0.2<ASF<=-0.15
-0.15<ASF<=-0.1
-0.1<ASF<=-0.05

-0.05<ASF<=-1.1102e-016
-1.1102e-016<ASF<=0.05

0.05<ASF<=0.1
0.1<ASF<=0.15
0.15<ASF<=0.2
0.2<ASF<=0.25
0.25<ASF<=0.3
0.3<ASF<=0.35
0.35<ASF<=0.4
0.4<ASF<=0.45
0.45<ASF<=0.5
0.5<ASF<=0.55
0.55<ASF<=0.6
0.6<ASF<=0.65
0.7>ASF
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Static Points

eld station next to buoy,
pier, etc.

LR

. Van collected data at 19 NSS40 06 P c S ICRETY

® van data

static locations around oA 4 LY
the harbor a1 7a075 705 7a0m 74

®
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NY I;arbor Phase Il

Different Vessel
Continuous Track in lower harbor

Repeat Upper harbor

12 static locations
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Survey Vessel, Jeanne II

Orlando, FL




NY Harbor Phase Il Coverage
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Nantucket Relative ASFs

IhE i EE Wk REFT

9960-Nantucket

40.35"
74.15

P
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741

.73.85

ASF<=-1
-1<ASF<=-0.95
-0.95<ASF<=-0.9
-0.9<ASF<=-0.85
-0.85<ASF<=-0.8
-0.8<ASF<=-0.75
-0.75<ASF<=-0.7
-0.7<ASF<=-0.65
-0.65<ASF<=-0.6
-0.6<ASF<=-0.55
-0.55<ASF<=-0.5
-0.5<ASF<=-0.45
-0.45<ASF<=-0.4
-0.4<ASF<=-0.35
-0.35<ASF<=-0.3
-0.3<ASF<=-0.25
-0.25<ASF<=-0.2
-0.2<ASF<=-0.15
-0.15<ASF<=-0.1
-0.1<ASF<=-0.05
-0.05<ASF<=-1.1102e-016
-1.1102e-016<ASF<=0.05
0.05<ASF<=0.1
0.1<ASF<=0.15
0.15<ASF<=0.2
0.2<ASF<=0.25
0.25<ASF<=0.3
0.3<ASF<=0.35
0.35<ASF<=0.4
0.4<ASF<=0.45
0.45<ASF<=0.5
0.5<ASF<=0.55
0.55<ASF<=0.6
0.6<ASF<=0.65
0.7>ASF
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Thames River

USCG AUX Vessel Myst

Oct 2006
Nov 2006

Test Van

Mar 2006

Other vessels
Mar, Apr 2006
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Thames Relative ASF Data

-0.95<ASF<=-0.9
-0.9<ASF<=-0.85
-0.85<ASF<=-0.8
-0.8<ASF<=-0.75
-0.75<ASF<=-0.7
-0.7<ASF<=-0.65
-0.65<ASF<=-0.6
-0.6<ASF<=-0.55
-0.55<ASF<=-0.5
-0.5<ASF<=-0.45
-0.45<ASF<=-0.4
-0.4<ASF<=-0.35
-0.35<ASF<=-0.3
-0.3<ASF<=-0.25
-0.25<ASF<=-0.2
-0.2<ASF<=-0.15
-0.15<ASF<=-0.1
-0.1<ASF<=-0.05
-0.05<ASF<=0
0<ASF<=0.05
0.05<ASF<=0.1
0.1<ASF<=0.15
0.15<ASF<=0.2
0.2<ASF<=0.25
0.25<ASF<=0.3
0.3<ASF<=0.35
0.35<ASF<=0.4
0.4<ASF<=0.45
0.45<ASF<=0.5
0.5<ASF<=0.55
0.55<ASF<=0.6
0.6<ASF<=0.65
0.65<ASF<=0.7
0.7<ASF<=0.75
0.75<ASF<=0.8
0.8<ASF<=0.85
0.85<ASF<=0.9
0.9<ASF<=0.95
1>ASF
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Norfolk
©

Chesapeake Bay approach channel into Norfolk Harbor
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Survey Vessel, Halcyon Lace
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Norfolk Harbor Coverage
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Seneca Relative ASFs

9960-Seneca

.

0<ASF<=0.05

0.05<ASF=0.1
0.1<ASF=0.15
0.15<ASK=0.2
0.2<ASK=0.25
0.25<ASK=0.3
0.3<ASK=0.35
0.35<ASK~=0.4
0.4<ASF=0.45
0.45<ASK=0.5
0.5<ASF=0.55
0.55<ASF=0.6
0.6<ASF=0.65
0.65<ASF=0.7
0.7<ASK=0.75
0.75<ASK=0.8
0.8<ASK=0.85
0.85<ASK=0.9
0.9<ASK=0.95
0.95<ASK=1
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Bostgn Harbor

Continuous tracks inner harbor, main channels, and
entrance approach area
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Boston Coverage Area
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Data Processing

lll it OAs processed to remove receiver filtering
" Hloci vector toward towers (and time lag)

|| um

||: E! Il | : | !I | computed using L1/L2 GPS data post-

racessed with GrafNav s/w using CORS reference
ations

. ASFs recalculated using precise track position and
unfiltered TOAs

. Relative ASFs calculated
(ASFboat e~ ASFref)
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Spa%al ASF Grids

- Method for converting tracks to a grid

- Required grid density
- Performance examples




Grid Development

.| (DNgtdetermined least squares estimation method
¢ i3 vinverse interpolation” (ION GNSS 2006)

L

¥
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Grid Creation

foniat grid points, we can interpolate a
Y) by

F(x y) =

. W ‘“l M ndard linear interpolation:
| —

(1-a)l-b)F(x;, y,)+all—b)F (X, ¥,)
T b(l_ a)F(Xp Vi) +aOF (X0, Yia)

3
: Xj+1,Yk+1
! xX,Y
b
p< g
Xj,yk & Xj+1,Yk
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“Inverse Interpolation”

he equations around:

“llnl.
(1_a)(1_b)|:(xj1 yk)+a(1_b)|:(xj+l’ yk)
T b(l_ a)F (X, Vi) +aDF (X415 Yiia)
* a, b, and E(x, V) are known

» SO each data point yields a linear equation in 4 unknowns
* solve large set of simultaneous linear equations to get grids
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Sample Grid - Nantucket
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G _ "d f't t d t 0.0025 by 0.0025 degree grid - Nantucket
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0.005 by 0.005 degree grid - Seneca
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TECHNOLOGY
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New York Performance Example
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Norfolk Performance Example

Senecagrid
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Error East-West, m

iLA 36 - Orlando, FL

Error, m

[
o
c
[
£
—
o
2
=
[
o
o
'z
(O]
N
o
o]
I\
e
3}
et
3
=
-
7
0
T
<
o
Q
=
[
I
=
o
.
c
o
P4

o
—-—
]
e ——
——
=]
———
——

=
Q
[ -
O
[
(-
LLl
|
)
)
-
()
=
| S
rm
|
)
o
—
rm
&=
O
Z

w ‘10413 uonisod




Boston Performance Example

9960-Caribou

: i ({0 T ese0 carolinaB -
-71.04 -71.02

JulyO7Boston_inner_Hgrid0025.mat
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Temgoral Corrections

- LDC Architecture
- Typical Spatial Correlation
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LDC Architecture

{ s

L
K
»

Seasonal
Monitor Sites Lravemva

l aran

l aran

o Loran
at 1min intervals Transmitter

.
. Loran and GPS data
.

Seasonal Monitor Server — |—] wxTxmtr

INCOMING ReceiverIntegration Clients
Wata\

current SM data file
* Convert to offsets from
" PO B S e 1% T2 e reference value

Hum wu n

N
N
« grab ASF values from :
N

Hum 9960 W 9960
Qual Sat howp Hei i Smp ASF-5TD

nbop
1]

i e T o B * write in LDC format to LSU

Wbop Height Tick Sng MSF-STD
19790000 W1earzenres 72 owemms 3 3 120 Al P0.5459000000 120 0.0045

4 .
itors-LRHF-ST1-067-Integration. txt flle
3 Hum 9960 W V
s ag Ti hoap  Height np ASF-STD ASF--
a0 up. 585 -7 05 1 148 39.3

Tick s
27.1032000000 120 9.0037

o TE e « ftp file to server at LSU

5 " nnet

Counter Hum 8970 W 8970
-)g Time Lat L t WDop Height Tick Shp ASF-STO
02 192226.00 392092058 - B 1.20 735.4  6B.SSLIAO0000 178 ©_0A38
tors LENA-ACY-292- Integration. tit
Time F1 G Counter Hum 9960 W
u: Woop  Weignt  Tick HSF-ST0
“inerness 7 sesorza 198 W14

Archiveddata | A
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Typical LDC Message Sequence

\lola et el pitel M\t el P ol g et W el p el M elf Mon-5 Mon-5 Mon-5 Mon-5 Mon-5 Mon-5
\IESTORO8 BV B o P BT ek Y o AR R o el Msg-0 Msg-1 Msg-2 Msg-3 Msg-4 Msg-5
IR A » .

WLl el Lol il EY Lol g istel FY Lol g el W Lol g el F\ el sl Mon-1 Mon-1 Mon-1 Mon-1 Mon-1 Mon-1
\Eo O s B T A VST el B0 A RS0 B9 Msg-0 Msg-1 Msg-2 Msg-3 Msg-4 Msg-5

Time V(o) ol Y ol o Y Lol g ol Y Lol g EaH M el g EER F el =68 Mon-4 Mon-4 Mon-4 Mon-4 Mon-4 Mon-4
\Eo RO S B T A VST el B0 A8 RS0 B9) Msg-0 Msg-1 Msg-2 Msg-3 Msg-4 Msg-5

\ISTORO8 BV B o P BT e Y o A R o el Msg-0 Msg-1 Msg-2 Msg-3 Msg-4 Msg-5

(ﬂmmn-o \/(o1a 08 = el 0k 1Y eTa BN RV 1a 0 1 [elg E0F Mon-0 Mon-0 Mon-0 Mon-0 Mon-0 Mon-0

q Mon-3 | Mon-3 | Mon-3 | Mon-3 | Mon-3 | Mon-3
Msg-0 | Msg-1 | Msg-2 | Msg-3 | Msg-4 | Msg-5 repeats

Each message is 45 bits and takes 24 symbols to transmit at 1 symbol/group
At 8970 takes 2.15sec/msg

Time: 5 every 64 messages or ~ every 27.5sec

ASF data repeats every 2.3 min
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eLoran Performance
"

- Prototype receiver
- Sample performance
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Prototype eLoran Receiver

USCGA DDC Receiver

» demodulated LDC symbols
* real-time ASFs (for
comparison)

Ty

Matlab Script Transview Display }<—|_

* Lookup ASF grid value « Display position tracks of SELLEITE RECENE

* RS decode LDC symbols, eLoran, Loran, and GPS systems * Loran position

* Interpret transmitted data

* Apply transmitted temporal
correction and reference
station value

« Calculate position solution

«Output position as NMEA string NovAtel Receiver ‘
 GPS position
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eLoran Results on the Thames
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Conclusions
N SF Grids

he ASE measurements gets averaged out by the grid creation process
cmg is typically sufficient
if dictated by physical size of HEA
just chase the noise in the measurements
i L Suvey procedure has been established and proven

ral ASF

» Correct temporal value is critical to meeting HEA accuracy
» Currently under investigation:

*  Frequency (and filtering) of corrections
* Monitor site spacing
* End-state distribution architecture

., elLoran Receiver

* In areas where geometry / signal strength are poor, receiver performance becomes
critical

» <20m real-time is difficult — even with ASF spatial (grid) and temporal corrections,
requires a good receiver
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