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ABSTRACT

A service that guarantees centimeter-level positioning accuracy in domestic coastal waters is essential for advanced maritime
mobility, such as autonomous ships, port logistics automation, and maritime drones. Since April 2020, the Ministry of Oceans
and Fisheries has been developing the Precise POsitioning and INTegrity monitoring (POINT) service, a ground-based
centimeter-level service that ensures centimeter-level positioning performance in advanced maritime mobility. The POINT
system generates centimeter-level correction information by processing Global Positioning System (GPS) data collected from
reference stations at a central processing center. Additionally, augmentation information is generated and broadcast using
GPS data from monitoring stations. In 2023, a real-time operational system was established at the Korea Research Institute of
Ships and Ocean Engineering's (KRISO) Maritime Positioning, Navigation and Timing (PNT) Operations Center. This paper
presents a performance analysis conducted on the operation of the POINT service. First, performance requirement indicators
and verification procedures were established, and these procedures were tested and verified by a third-party organization.
During the verification process, positioning accuracy, integrity risk, availability, and continuity were evaluated across 19
monitoring stations nationwide. The positioning accuracy of the user environment was also verified on receiving platforms.
The results showed that, all performance indicators were successfully met.

Keywords: maritime precise positioning service, POINT service, PPP—RTK
ZF=Q01: 3i¢ Y PNT AH|&, AEu|eF g AL 59], POINT AH|A

1. ME A915(22)¢] u]z} Global Navigation Satellite Systems (GNSS)
HElUEl T 29] @ F4%53 B4 2 745S whdsiglon,
A447]4k AlE]E1 % 319 A Positioning, Navigation and  sekoll4] 100 km o]uel A 48 2] ASHE 5 cm (l0), 44 &
Timing (PNT) 7|4 7R AF-& SljoFyAbE oAl 20204 4L 9 A& = 10 cm (o), 7 kA (Alert Limit, AL) 0.5 mE S22
] f|%F fokoll AT 7|&S J 83t ols T L AARII A Precise POsitioning and INTegrity monitoring (POINT) AJH]A
ok sjjoFmalalelo] Beah & QIEE 2T} o] AlYle & ZARFS 2aaledt (IMO 2001, Park et al. 2021, 2022, 2024, Kim
A|SAF7] T (international maritime organization, IMO) Z 2]t et al. 2022, Song et al. 2023). POINT AJH| A= AO}E shHto] 9]
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Fig. 1. POINT reference station.

Table 1. POINT performance requirements.

Performance Requirements
Horizontal accuracy (63%) 5cm
Vertical accuracy (68%) 10 cm
Alert limit 50 cm
Integrity risk 10°/3 hr
Availability 99.8%
Continuity 99.97%

Table 2. POINT monitoring station for performance validation.

Station Distance fromland | Station Distance from land
BKR2 159.0 km PAL3 12.5 km
CHJ3 Inland SEO4 Inland

DOKD 228.0 km SOK3 Inland
DON3 Inland SNM2 50.6 km
EOC2 47.3 km ULL3 147.0 km
GAG3 123.0 km YNJ3 Inland
GEO3 49.0 km YNC2 Inland

HOM3 Inland YNP2 75.2km
JUK4 Inland GAS4 27.5km
JUM3 Inland
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Table 3. POINT monitoring station for performance validation.

Test procedure

Pass/Fail criteria Pass/Fail

TF1-1. Verification of system specifications and software

Verification of system specifications and software It must be consistent with the documented test equipment and software Pass
specifications
Source code review The source code must exist. Pass

- Horizontal position accuracy
- Vertical position accuracy

- Integrity risk

- Availability

- Continuity

Validation of testing data The testing data must exist. Pass

TF1-2. Confirmation of test data report file creation

Execution of positioning accuracy monitoring Areport file for the test data must be generated. Pass

- Verification of monitoring service main execution of report file
- Generation program screen output
- Verification of daily generated report files

TF1-3. Verification of performance metric measurement results

Verification of performance metric measurement results - The horizontal positioning accuracy must be less than 5 cm, and the vertical Pass
- Execution of performance metric calculation program positioning accuracy must be less than 10 cm.
- Confirmation of result output - The integrity risk must be no greater than 0.001% (i.e., 99.9990% or higher).

- Service availability must be 99.80% or higher.

- Service continuity must be 99.97% or higher.

TF1-4. Confirmation of performance results

Perform procedures TF1-2 to TF1-3 to verify the following Execution results Pass
- Verification of the horizontal positioning accuracy and vertical - The horizontal positioning accuracy of the static monitoring station must be
positioning accuracy of the static monitoring station. less than 5 cm, and the vertical positioning accuracy must be less than 10 cm.
- Verification of the probability of no integrity risk occurrence atthe  -The probability of no integrity risk occurrence at the integrity alert level for
integrity alert level for the static monitoring station. the static monitoring station must be 99.9990% or higher.

- Verification of the service availability of the static monitoring station. - The service availability of the static monitoring station must be 99.80% or higher.
- Verification of the service continuity of the static monitoring station. - The service continuity of the static monitoring station must be 99.97% or higher.

Fig. 2. Real-time horizontal positioning error in monitoring station.
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Table4. POINT performance validation results.

Performance Requirements  Results

Horizontal accuracy (63%) 5cm 2.592 cm

Vertical accuracy (68%) 10 cm 4.156 cm

Alert limit 50 cm -

Integrity risk 10°/3 hr 3x10°/3 hr

Availability 99.8% 100%

Continuity 99.97% 99.977%
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Fig. 3. Real-time horizontal positioning error in monitoring station.

Fig. 4. Continuity results in monitoring station.

(a) BKR2 (b) ULL3

(c) GAS4
Fig. 5. Stanford chartin (a) BKR2, (b) ULL3, (c) GAS4.

https://doi.org/10.11003/JPNT.2025.14.1.81



Table 5. POINT receiver platform for performance validation.
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Test procedure Pass/Fail criteria Pass/Fail
TF1-1. Verification of system specifications and software
Verification of system specifications and software It must be consistent with the documented test equipment and software Pass
specifications
Source code review The source code must exist. Pass
- Horizontal position accuracy
- Vertical position accuracy
Validation of testing data The testing data must exist. Pass
TF1-2. Verification of performance metric measurement results
Verification of performance metric measurement results The horizontal positioning accuracy must be less than 5 cm, and the vertical Pass

- Execution of performance metric calculation program
- Confirmation of result output

positioning accuracy must be less than 10 cm.

TF1-3. Confirmation of performance results

Perform procedures TF1-2 to verify the following

- Verification of the horizontal positioning accuracy and
vertical positioning accuracy of the static monitoring
station.

Execution results Pass
- The horizontal positioning accuracy of the static monitoring station must be
less than 5 cm, and the vertical positioning accuracy must be less than 10 cm.
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Fig. 6. POINT receiver platform positioning results.

Fig. 7. POINT receiver platform positioning results on DOY 244 and 287.
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Fig. 9. Hourly POINT lonospheric corrections. (left) Max slant TEC (right) Min slant TEC.

Fig. 10. Long-term horizontal positioning error in monitoring station.

Fig. 11. Long-term vertical positioning error in monitoring station.
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Fig. 12. Monthly POINT positioning accuracy. (left) horizontal (right) vertical.
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