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ABSTRACT

The International Maritime Organization (IMO) states that the recommended horizontal accuracy for coastal and offshore

areas is 10 m, the Alert Limit (AL) is 25 m, the time to alert is 10 seconds, and the integrity risk (IR) is 10~ per three hours. For

operations requiring high accuracy, such as tugs and pushers, icebreakers, and automated docking, the IMO dictates that a

high level of positioning accuracy of less than one meter and a protection level of 0.25 meters (for automated docking) to 2.5

meters should be achieved. In this paper, we analyze a method of calculating the user-side protection level of the centimeter-

level precision Global Navigation Satellite System (GNSS) that is being studied to provide augmentation information for the

precision Positioning, Navigation and Timing (PNT) service. In addition, we analyze standardized integrity forms based on

RTCM SC-134 to propose an integrity information form and generate a centimeter-level precise PNT service plan.
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Fig. 1. The basic principle of the integrity states in horizontal area.

Fig. 2. The graphical interpretation of integrity risk and K factor.
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2.2.1 Real-time Kinematic
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Fig. 3. Characteristic of the slopes on test statistics (Liu et al. 2011).
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2.2.2 Precise point positioning

PPPL= 7] &3toll A A E S HAH NI} ofd
WollA] Atelel AFEE 4 A7 oA} AE B
lo

< ZEs5t] YA E A4t Waloltt. o] RTKe &

Z1E=ate] ZlaA ol AekS W] 81 =& YT E 714
A9k 2 fHAZ o] Fasiet o]t PPP 7| ¥ FollA
international GNSS serviceo|A] Al&5h= A YAAHAE EAA
HE do} 94 A= 25 BAsH ZTRZE & AHEslo] o]g]
o] x5 EHste] T Ao A FEeh Aol A== E T
Sh= ghalo] XI5ttt o] AREAF 4170 wet el A
LAE AAY 4 lon] dhgate]] 23 v Y 4-F floate 2

Foe E4o] glck.
ZiEe] 7|8 PPP AhielE2 AEpA0l BEA HE 4 9]

3 ZEWAE BT L4 8 Aol Ut
3 A ge 8

7)1 PPP S4Ee 487 910 24 %& Q
& 4 (12, 1)l chelstel a,,g} 0% ATt 2R g
91 A, 917 W), SR KA} e 1] A9 Ak 072 ¢
sl Y5 nominalBias7} §leka ZHAsh, ol ARAS

O
ru
w
(@]
=)
b
O
o
£
v
()
o
=
=
=}
[0)¢]
Q
=X
N
(=]
5;
>
o,
i)
o 4
)
8 o N

7]-
O BA—;
ol maag AEE 4] (01, 22)9) ol AR, H,
WY, Ryy's ZHA FEAHLE LepiTh

— -1 —
G = (Hppp Ropp "Hppp) Hppp Rppp™* (18)

ah =31, ( 67+ 63,) (19)

av = 3L, |Gyl (20)
HPL = kyoy + nominalBias * ah (21)
VPL = kyoy, + nominalBias * av (22)

2.2.3 Precise point positioning real-time Kinematic
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Table 1. Contents of the satellite-specific message: Extended augmentation
health message.
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