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Design of Advanced Monitoring Concept
to Strengthen the Performance of Marine DGPS
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Abstract : Even in the marine industry was required the looser positioning performance as compared to other application domain,
a high—quality positioning performance and reliability are becoming ever more important. The high—quality performance includes not
only accuracy but also integrity, continuity, and availability. However, current DGPS service Is not satisfying the minimum positioning
performance requirements or maritime user proposed by IMO. Especially, no one can guarantee the required integrity performance
by DGPS service. This paper presents the advanced monitoring concept to strengthen the performance of current DGPS through the
enhanced monitoring, guarantee and notice finctions. 1o this, the Ilimitations of the integrity monitoring finction of current DGPS
are analyzed, and a countermeasure is prepared to improve the limitations of the current integrity monitoring function. This paper
can be applied as basis research to improvement of the DGPS service.
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Fig. 1 The DGPS facilities and major habors on Korea
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Table 2 The parameters for current DGPS IM

Parameters Threshold Interval
Minimum SVs 4 -
HDOP <75 10-30s
Maximum PRC 90-600m =
Maximum RRC 0.5-10m/s =
IM Feedback 3-12s -
Correction Age 10-30s 1-30s
MSG Error Ratio 10% 10-60s
Beacon SNR < 7dB > Ts
Beacon SS 70dB 10-60s
HPE 1.5-10m 10-30s
PR Residual < 12m 10-30s
RR Residual < 10m/s 10-60s
LOW UDRE 1-100m -

GENERATE FLAGS KNOWN
AND POSITION

SYSTEM
FEEDBACK

UDRE'S

POSITION
D LIMIT CHECK DOMAIN

PSEUDORANGE
MEASUREMENTS

PSEUDORANGE
FILTERS WITH
CARRIER

Fig. 2 The architecture of current DGPS IM
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Table 3 Minimum positioning performance requirements
for maritime users of future GNSS systems

Inland
) Port
Ocean Coastal Approach Port xi;ir
Horizontal
Accuracy 10m 10m 10m 1m 10m
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Table 4 The limitation factors of current DGPS service

Items Contents

* Reference stations perform the integrity
monitoring check in the same position as
the RS

monitoring |[* Integrity monitoring stations are

Limitation by
arrangement of
systems considered only the long—distance from

reference station, not major harbor area

Limitation by [* Integrity monitoring functions are
the absence of| considered only the integrity of PRC
raw meas. broadcasted from RS, not the detection

quality check | and isolation of anomaly SV

o * Most of the user receiver does not decode
Limitation by .
the message type 16, a special GPS
the absence of )
message, as the means for broadcasting of]

the reliability level of the DGPS service

* Most of the user receiver does not use the

reliability
indicator on

user side . ..
UDRE parameter as the protection limit
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Table 5 Countermeasures about the limitation factors of
current DGPS service

Items Countermeasures

Limitation by
arrangement of [¢ Operation of PNT monitoring system
monitoring on major harbor area

systems
Limitation by the

* Addition of GPS/DGPS raw meas.

quality monitoring functions

absence of raw
meas. quality
check

Limitation from

* Use of the protection limit
the absence of monitoring function on user side
reliability indicator/* Use of reliability indicator on user

on user side side
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DGPS
Reference ™\
Station

Anomaly Detection of GPS/DGPS
Error Estimation

Iy\

Reliability Provision of DGPS Service

DGPS Service of HEA Level
Accuracy 10m (2drms]
Integrity Risk 10-5/3h

S
Module #1 b

Monitoring
Alarm/Event Notice

Fig. 3 Conceptual design of PNT monitoring system
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Loss of Integrity

*Reliability indicator on user side

PReliabllity indicatos on User side
Abnormal status
not bounded
by PL

Normal status
bounded by PL Hpg

Normal status
bounded by PL Hp

Y Detailed failure check

= Geometry

* Measurement noise of
user receiver

« UDRE

« ID, TD, Ephemeris
error’s Residual

+ GNSS segment failure

« DGPS segment failure

+ Atmosphere segment
failure

+ Device segment failure

* Geometry

+ Measurement noise of
user receiver

- UDRE

Fig. 4 The fault-tree of DGPS Service
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Fig. 5 The structure of PNT monitoring system

Table 6 Type for QM

QM Type
¢ Carrier-to—noise ratio test
SQM . .
* Code—carrier divergence test
MQ | ¢ Carrier smoothed code innovation test

M * Carrier acceleration—-ramp-step test

+ Old and new ephemeris test
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Fig. 6 Monitoring on PNTM Server
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