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e el Leran Perorinance
a DGPS Backup System
I the HEA Domain

Using a Target Level of
Safety Criterion
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> ) él serles of USCG efforts from 1997 —
ZOOZNIE martime: performance off DGPS
ziflel specmed Packup systems was

= nalyzed In'terms of the Target Level of
= Safety (TLS).

) .Of the backup systems considered, Loran

was the only one that consistently
satisfied the TLS criterion for a variety of
harboer entrance and approach conditions.




—
S04 grouna

SUEEE sponsored these Studies With' the goal of
cletanligligle

— E erconaditiens under which DGPS satisfies the Target
MEEVE|ofi Safety
B Sl placement and reliability of DGPS beacon stations
== s degree of visibility
~ e vessel type
® relative navigational risk of harbor channel

— Tihe type of DGPS backup systems needed for
maritime naV|gat|on
® onboard (marine radar, INS)
® external

— electronic, e.g., Loran-C
— visual, e.g., short-range aids




[l “get_tevel of Satety (TLS) F_Criter_ig_l]_

SNE comprehensive Port Needs Studywas
SNl ted tordetermine the incident™ rate/ship-
PEUIsInIports and harbors used by larger vessels
m ( ONUS (>10,000 gross tons)

— otaI Incident Rate = 3x10 incidents/ship-hour

.

— _ased onithe categories used to classify
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= incidents, those resulting from navigational

e
—
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errors were approximately 30% of the total
— Incident Rate due to navigation errors
= 9x10~ incidents/ship-hour

* An incident is defined as a grounding or allision
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IhENjarget Level of Safety (JIES):

Stiterion — RisicAllecation

e | |sk o)f |nC|dents resultlng firom navigatienal
SgeIawere allocated using a standard: risk tree

)3 oaCh
- rg Siiisk allocation for incidents arising from

= ¢l Tors resulting from the following mutually
— == eexcluswe events:

e
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~ — “no-fault’” DGPS operations (3x10= inc./hr) or
— Packup system operation in the event of a detected
DGPS failure (1.5x10-inc./hr)
® The resulting figure of 4.5x10 as the
probability ofi an incident/ship-hour Is generally.
referred to as the TLS in subsequent analysis




RISKAAlIOCation
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& Risk of simullaneous loss of

accuracy and faliure of integrity 9x10* Incidentsir
function . :
missed detection operating at specified level
= Undetected Failures Detacted Faliures | No DGPS Fallures
— 3x10% incidents/hr | 3x10% incidentshr 3x10% incidents/hr
. - = — & [ncidents traced to loss of DGPS
— : servica, even though properly
— _ - announced

Backup Design Riak _Integrity Design Risk
1.5x10° incidents/hr 1.5x10% incidents’hr

® Risk sttributable to backup # Risk attributable to design
system parformance following _ of DGPS Integrity funciion
DGPS tailure -
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- rJfJf]’ comprlsmg the navigational compenent of the
TESE -‘j
SNrecited primanly from short-range aids
: \/_\J__!.;, ‘the advent of electronic aids in the maritime
'_ﬁﬁmmn
g “more difficult operations (low visibility, ice) could be executed
—— As a result, most pilots we interviewed recommended

~—  the TLS threshold used to evaluate DGPS performance and
backup systems should stay the same, i.e.,
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ANPEGISIoN; Aidl Tool for Syst_em

Per @rmance Evaltation

IR —

~ A SYS e performance evaluatlon tool;, known: as
Fﬂdu avigation Aid Analysis Tool (NAAT), was
'Ioped as a decision aid for USCG NAVCEN to

termlne

e The number and reliability off DGPS beacons required
~ to satisfy the TLS under specified conditions

— Jfhe performance (reliability, availability) of requisite
packup navigation systems in the event that DGPS
was unable to satisfy the TLS under certain conditions
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Aliceiien of NAATE to the Compa_,lson Of -
”Frck priNavigation®systems

P ——— i —— .

2 ANVEl lety Off vessel types Was considered, but
mO» “Enmphasis was given to the larger vessels

—;*- Hcidents Invelving these vessels had more serious
Slinancialiand environmental consequences
:-;_3:-ceanographlc/Enwronmental conditions
= included in the model
— Current
— Fog (in terms of visibility)
— Season/hour (for EM noise level in the LF band)
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HoHNG ErroerlViodel
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2iracl -keeplng Error Was determmed from
Jeicrebtained by the Merchant Marine
Reademy at King's Point.
B NDClcl Was Fourier-decomposed and a peak
~per|od off 6 minutes was identified

~ * ]IS random sinusoid of amplitude
standard deviation of 4 — 6 meters was
combined with the navigation sensor error
to form, the total error model
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Random Sinusoid

/

Amplitude — Rayleigh distributed with o, = 5 m

Phase: uniformly distributed Wiener process
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r\oo JJ,H off NAAT to the CompaJson Of -
SEErUPrINavigation systems
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> Bae <l 0 nawgatlon systems conS|dered
=NEPS| (o augmentation)
0 ‘;'an-C
— IS/IMU

S\Varine radar
Vlsual aids

_‘-'_‘.-—-

= = User- Input navigation system

~ = Transition from primary to secondary (backup) system
— Simulated using a Markov state space model

— Assumes secondary Is continuously calibrated by primary while
both are available

— After a certain period of time, secondary reverts to its native
accuracy performance
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gSy/ALoran, Reliability: Parametersss

Reliability Parameters

Service and MTTR MTBF
Receivers

(minutes) | (hours)

Loran-C Service 14 587
- 5t. Mary’s -
Loran-C Service 14 537

" Tampaay |

* For GPS interference emulation, MTTR = transit time for waterway
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- GP_S 5-8m pseudorange error
allablllty criterion: HDOP<4 ; 5° mask angle

= —Avallablllty criterion: when GPS Is available
—and the beacon service IS available

~ -Loran—C. Accuracy Is a function of location
(typically 20 — 50 m CTEgs,,)

— Availability criterion: when all Loran stations
In the coverage area are available
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S River with Loran as DGESIBECKUPN

- GPS |nterterence: Conaitions
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SENUINGI Propagdation Cenaitions™
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S DGPS Is assumed to contlnuously calibrate Loran
vvml "LHE tWo systems are available

SRIREE pPrepagation conditions change following
G551 01T GPS?

SR assume that a future ASF model (embedded
*:i‘;—p'ﬂiﬁ edchrreceiver) continuously monitors the
= propagation path to each station

= When the predicted ASFs change by more than a
designated threshold, the ASF model will add the
change in ASFs to the prior DGPS-calibrated ASF
value
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Crlzl g Prepagation Gonditions ™
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Loss of
DGPS

Loran
Station
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'S Rlver withi INS/IMU as; DGPS —
naer GPSHnterierence Conditions

GPS MTTR (minutes)
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Corfl; garison of FRP Requwements

ziic) he FES- —

=R requwement for avallablllty IS 0.999
for thesnland waterway domain

o :g |valence of the two Is not direct since

—ay allablllty IS related to MTTR/MTBF,

-|—

: ~ Whereas TLS = TLS(MTTR,MTBF)

- Looklng OVer a range of reasonableness
parameters, we found that the TLS Is
roughly equivalent to an availability of
0.9999




SENCIUSTONS:
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SO dene for the USCE, Loran was the only.
PIERSHackup system that conS|stentIy satisfied
MENIES criterion for large vessels transiting the
rm wciallenging harbors under low: visibility

EcoEnditions.

; or several of the HEA conditions we considered,
DGPS elther stand-alone or with non-Loran
backups was unable to satisfy the TLS

e Ifwe reguire the TLS criterion to be satisfied
under all HEA conditions,
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[EIipa Bay Channel Bescription™
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NEFntnde i Congitude _Width 1 Width'2 Description
(degrees) (feet) (feet)

20610/ 82.7244 start point

27.6133 82.6705 turn point

2/7.635 82.6244 turn point

27.6581 82.6038 straight segment/diff. width

217.6817 82.5846 turn point

27.694 82.564 turn point

2.7242 82.5353 turn/start of last segment

27.7569 82.5231 end of last segment




INERe=Alammfier Maneuvernng™
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Safe Turn
Initiation Region

T

ldeal Turn Initiation Point




