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ABSTRACT 

Taiwan is geographically surrounded with the ocean. The 

establishment of its basic chart of the marine area is one of the essential 

reference data of land-use planning, marine sustainable management and 

development, etc. In recent years, with the development of shipping and 

fisheries, maritime navigation safety has been paid more and more 

attention, the Electronic Navigational Charts (ENC) become the common 

data as the reference for maritime navigation. Based on the international 

social responsibility of the marine countries, and in response to the 

situation of internationalization at this information age, the Ministry of the 

Interior has expanded the application and integration of marine survey data 

to meet the requirements of navigation safety of the International 

Convention for the Safety of Life at Sea, (SOLAS). MOI start to collect 

the ocean depth data information from year 2006, in order to build the basic 

data to satisfy the Electronic Navigation Chart (ENC) prerequisite of the 

IHO. 

In year 2018, the survey is divided into three operating areas for ocean 

bottom mapping. This project is for the third operating area with the scope 

the Yunlin sea areas. The multi-beam sounding systems has been used to 

scan the ocean bottom depth.The total surveying area is about 435 square 

kilometers.The final products will include 72 frames of five thousandth 

scale map and 6 frames of twenty-five thousandth scale map. 

Implementation of the project covers the control survey, the 

applicability assessment of the water depth sounding system, the sea area 

topography measurement, the seabed feature detection, the electronic 

navigation map prefabricated data production, the digital topographic 
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model with its implementation data etc. These products will be used as the 

basic data for the follow-up production of the electronic navigation maps. 

The outline of the project is as follows : 

1. Control Survey: 8 established control points and 4 temporary tidal 

stations. 

2. Applicability assessment of the water depth sounding system: 3 sets of 

multi-beam sounding systems pass the system assessment. 

3. Sea area terrain measurement: the completion of about 435 square 

kilometers survey area. 

4. Seabed feature detection: 9 features incloud 1 pipeline have been 

detected, and 1 new feature. 

5. Precise point positioning measurement: the completion of about 501 

kilometers. 

6. Prefabricated data for electronic navigation map: including clear 

drawing of marine surveying, water depth record file and other narrative 

report. 

7. Numerical terrain model: including 5 m* 5 m, 10 m * 10 m, 20 m * 20 

m, 50 m * 50 m, 100 m * 100 m, 250 m * 250 m grid digital elevation 

model. 

8. Interpretation information: 72 frames of 1/5000 scale map. 6 frames of 

1/25000 scale map. 

Keywords: Prefabricated data for electronic navigation map, multi-beam 

sounding system, Digital elevation model 
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 (M)  (M) (M) (M) (mm) (KM) 20mm K 

G033 6.09598 G034 5.83039 -0.26559 -0.26901 3.42 1.50 2.79 
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(m) (m)
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       20mm K  

         

(M) (M) (M) (M) (M) (M) (mm) (mm)  

G033 G034 1393.99 -0.26785 1610.41 0.27017 -0.26901 1502.20 2.32 24.51  

G034 CH07 12315.25 -0.29406 12324.22 0.30348 -0.29877 12319.73 9.42 70.20  

CH07 CH01 13884.73 -0.90658 13912.88 0.90108 -0.90383 13898.81 -5.50 74.56  

CH01 CH08 6803.24 -0.27975 6777.59 0.28342 -0.28159 6790.42 3.67 52.12  

CH08 G033 8412.09 1.75913 8404.62 -1.75968 1.75941 8408.35 -0.55 57.99  

G041 G042 1440.10 -0.85735 1440.73 0.86132 -0.85934 1440.41 3.97 24.00  
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P124 G043A 7593.14 -1.55680 8021.44 1.56206 -1.55943 7807.29 5.26 55.88  

G043A G044 1384.69 -0.09383 1371.20 0.09588 -0.09486 1377.94 2.05 23.48  

G044 CH02 2604.14 2.79518 2596.34 -2.79322 2.79420 2600.24 1.96 32.25  

CH02 CH03 4460.47 -1.02837 4206.80 1.02879 -1.02858 4333.64 0.42 41.63  

CH03 CH04 4794.68 -0.64423 4802.05 0.64647 -0.64535 4798.37 2.24 43.81  

CH04 G047 4986.54 -2.06351 4935.54 2.06377 -2.06364 4961.04 0.26 44.55  

G047 G049 4236.47 0.27575 4237.28 -0.27545 0.27560 4236.87 0.30 41.17  

G049 CH06 3196.96 1.79941 3202.81 -1.79928 1.79935 3199.88 0.13 35.78  

CH06 CH05 4956.35 3.49907 4948.03 -3.49883 3.49895 4952.19 0.24 44.51  

CH05 G047 3798.01 -5.56031 3784.41 5.56094 -5.56063 3791.21 0.63 38.94  

CH07 W10A 1574.82 -2.56607 1574.91 2.56677 -2.56642 1574.87 0.70 25.10  

W10A CH07 1535.38 2.56513 1528.49 -2.56472 2.56493 1531.94 0.41 24.75  
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MB3_DealHead 4640104 74944 98.38% 25211 99.46%  
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     PPK GNSS

Precise Point 

Positioning, PPP 400 2

200 1 287 2 214

501  

    

GPS

(precise point positioning, PPP)  

  

    GPS

POSMV I2NS Type II Hemisphere VS330

POS GNSS  POS GNSS IMU

POSPac MMS

Hemisphere VS330 GNSS RINEX

 CSRS-PPP (Canadian Spatial Reference System)

POSPac MMS POS CSRS GNSS

(5 5 5 15 5 17

5 18 5 24 6 5 9 5 9 6 )

6- 3  
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6- 1 POSPac MMS8.2  

 

6- 2  CSRS  



 

90 

 

 

6- 3  PPP ( ) 
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( ) POSMMS 

    POSPac MMS Applanix Trimble CenterPoint RTX

GNSS IMU

POSPac MMS POS PPP

ITRF

coordP.exe g-Trans

TWD97[2010] UTC

 

 

6- 4  coordP.exe  
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6- 5  g-Trans  

( ) CSRS PPP  

    CSRS PPP

ITRF2014

coordP.exe g-Trans

TWD97[2010] CSRS PPP

GPS time UTC 18

( ) POSPac

CSRS 2018 8 16 2.18  

  

    (PPK) POSPac MMS

PPP CSRS PPP

N E h

 

( ) 5 5  

    5 5 18~22
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2018/5/5 6:02~2018/5/5 16:12 (UTC time)

6- 1 - 6- 6~ 6- 8

N E 0.4 h CSRS(PPP)

PPK 0.2 CSRS(PPP) PPK

POSPac(PPP) h 0.6 0.8

6- 1 (5 5 ) 

  POSPac(PPP)-PPK CSRS(PPP)-PPK CSRS(PPP)-POS(PPP) 

 dE dN dh dE dN dh dE dN dh 

 

0.0470  0.0000  0.0450  0.0000  0.0000  0.0000  0.0000  0.0000  0.0591  

 

0.4170  0.1770  0.7850  0.0939  0.1233  0.2079  0.2165  0.1233  0.8386  

 0.1880  -0.0297  0.3433  0.0251  -0.0374  -0.0764  0.0570  -0.0374  -0.4192  

0.1710  -0.0400  0.3210  0.0240  -0.0368  -0.0754  0.0713  -0.0368  -0.4069  

 0.0733  0.0702  0.1549  0.0171  0.0200  0.0385  0.0788  0.0200  0.1552  

 

6- 6  POSPac(PPP) PPK (5 5 ) 
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6- 7  CSRS(PPP) PPK (5 5 ) 

 

6- 8  CSRS(PPP) POSPac(PPP) (5 5 ) 

( ) 5 15  

    5 15 19~26

2018/5/15 5:28~2018/5/15 13:30 (UTC time)

6- 2 - 6- 9 ! ~ 6- 

11 N E 0.4
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h CSRS(PPP) PPK 0~0.2

CSRS(PPP) PPK POSPac(PPP) h 0.2

1.2

6- 2  (5 15 ) 

  POSPac(PPP)-PPK CSRS(PPP)-PPK CSRS(PPP)-POS(PPP) 

 dE dN dh dE dN dh dE dN dh 

 

0.0000  0.0000  0.2700  0.0000  0.0000  0.0000  0.0116  0.0000  0.3573  

 

0.2240  0.2240  1.1400  0.0856  0.0897  0.2131  0.2317  0.2770  1.2447  

 0.1210  -0.0095  0.6497  0.0391  -0.0317  -0.0815  0.1181  -0.0223  -0.7312  

0.1320  -0.0670  0.5480  0.0391  -0.0323  -0.0816  0.1127  0.0353  -0.6161  

 0.0491  0.1174  0.2586  0.0143  0.0157  0.0379  0.0439  0.1212  0.2632  

 

6- 9  POSPac(PPP) PPK (5 15 ) 
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6- 10  CSRS(PPP) PPK (5 15 ) 

 

6- 11  CSRS(PPP) POSPac(PPP) (5 15 ) 

( ) 5 17  

    5 17 19~24

2018/5/17 6:14~2018/5/17 14:37 (UTC time)

6- 3 - 6- 12~ 6- 14

N E 0.4 h
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CSRS(PPP) PPK 0.1~-0.1 CSRS(PPP) PPK

POSPac(PPP) h 0.2 0.8

6- 3  (5 17 ) 

  POSPac(PPP)-PPK CSRS(PPP)-PPK CSRS(PPP)-POS(PPP) 

 dE dN dh dE dN dh dE dN dh 

 

0.0750  0.0000  0.1230  0.0000  0.0000  0.0000  0.0000  0.0000  0.0249  

 

0.2880  1.3810  0.8620  0.1988  0.1374  0.4484  0.3128  0.1374  0.8677  

 0.1856  -0.0180  0.3750  0.0265  -0.0366  -0.0668  0.0608  -0.0366  -0.4410  

0.1920  -0.0140  0.3640  0.0266  -0.0361  -0.0683  0.0562  -0.0361  -0.4042  

 0.0387  0.0633  0.1517  0.0123  0.0136  0.0345  0.0410  0.0136  0.1519  

 

6- 12  POSPac(PPP) PPK (5 17 ) 
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6- 13  CSRS(PPP) PPK (5 17 ) 

 

6- 14  CSRS(PPP) POSPac(PPP) (5 17 ) 

( ) 5 18  

    5 18 19~24

2018/5/18 6:34~2018/5/18 16:25 (UTC time)

6- 4 - 6- 15 ! ~ 6- 

17 N E 0.4
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h CSRS(PPP) PPK 0~-0.2

CSRS(PPP) PPK POSPac(PPP) h

0.2~0.4 0.6

6- 4  (5 18 ) 

  POSPac(PPP)-PPK CSRS(PPP)-PPK CSRS(PPP)-POS(PPP) 

 dE dN dh dE dN dh dE dN dh 

 

0.1190  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0447  

 

0.3720  0.1590  0.6130  0.0922  0.1130  0.2403  0.1746  0.1130  0.6777  

 0.2063  -0.0328  0.2445  0.0280  -0.0372  -0.0675  0.0417  -0.0372  -0.3114  

0.2060  -0.0450  0.2340  0.0282  -0.0367  -0.0659  0.0449  -0.0367  -0.3038  

 0.0347  0.0535  0.1308  0.0159  0.0184  0.0395  0.0302  0.0184  0.1294  

 

6- 15  POSPac(PPP) PPK (5 18 ) 
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6- 16  CSRS(PPP) PPK (5 18 ) 

 

6- 17  CSRS(PPP) POSPac(PPP) (5 18 ) 

( ) 5 24  

    5 24 15~20

2018/5/24 6:02~2018/5/24 16:12 (UTC time)

6- 5 - 6- 18~ 6- 20

N E 0.5 h
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CSRS(PPP) PPK 0~-0.2 CSRS(PPP) PPK

POSPac(PPP) h 0 ~0.6

0.8

6- 5  (5 24 ) 

  POSPac(PPP)-PPK CSRS(PPP)-PPK CSRS(PPP)-POS(PPP) 

 dE dN dh dE dN dh dE dN dh 

 

0.0470  0.0000  0.0450  0.0000  0.0000  0.0000  0.0000  0.0000  0.0591  

 

0.4000  0.1770  0.7850  0.0939  0.1116  0.2079  0.2165  0.1116  0.8386  

 0.1816  -0.0288  0.3454  0.0254  -0.0362  -0.0750  0.0637  -0.0362  -0.4204  

0.1690  -0.0340  0.3260  0.0244  -0.0360  -0.0740  0.0739  -0.0360  -0.4081  

 0.0645  0.0711  0.1567  0.0172  0.0190  0.0381  0.0700  0.0190  0.1569  

 

6- 18  POSPac(PPP) PPK (5 24 ) 
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6- 19  CSRS(PPP) PPK (5 24 ) 

 

6- 20  CSRS(PPP) POSPac(PPP) (5 24 ) 

( ) 6 5  

    6 5 17~22

2018/6/5 8:51~2018/6/5 17:34 (UTC time)

6- 6 - 6- 21~ 6- 23

N E 0.2 h CSRS(PPP)
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PPK 0.6 CSRS(PPP) PPK

POSPac(PPP) h 1 1.8

6- 6  (6 5 ) 

  POSPac(PPP)-PPK CSRS(PPP)-PPK CSRS(PPP)-POS(PPP) 

 dE dN dh dE dN dh dE dN dh 

 
0.000 0.000 0.2542 0.000 0.000 0.000 0.000 0.000 0.000 

 
0.156 0.297 1.534 0.075 0.084 0.697 0.174 0.183 1.861 

 -0.0390 -0.0273 0.7249 0.0199 -0.0050 -0.0101 0.0589 -0.0050 -0.7339 

-0.0480 -0.0410 0.6870 0.0200 -0.0070 -0.0110 0.0610 -0.0070 -0.7170

 0.0573 0.0913 0.2542 0.0140 0.0200 0.1435 0.0527 0.0200 0.2794 

 

6- 21 POSPac(PPP) PPK (6 5 ) 
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6- 22  CSRS(PPP) PPK (6 5 ) 

 

6- 23  CSRS(PPP) POSPac(PPP) (6 5 ) 

( ) 9 5  

9 5 13~17

2018/9/5 13:47~2018/9/5 21:41 (UTC time)

6- 7 - 6- 24~ 6- 26

N E 0.4 h CSRS(PPP)
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PPK 0~-10 CSRS(PPP) PPK

POSPac(PPP) h 1 1.9

9 5 N E -

15

6- 7 (9 5 ) 

  POSPac(PPP)-PPK CSRS(PPP)-PPK CSRS(PPP)-POS(PPP) 

 dE dN dh dE dN dh dE dN dh 

 
0.003 0.000 0.017 0.001 0.000 0.001 0.000 0.000 0.000 

 
1.726 2.772 2.921 1.890 3.773 1.950 1.633 1.263 2.863 

 0.0720 0.0034 1.2539 0.0081 -0.0008 -0.0922 -0.0639 -0.0042 -1.3460 

0.0990 -0.0150 1.2530 0.0580 -0.0010 -0.0930 -0.0520 0.0200 -1.3510

 0.1015 0.1095 0.2232 0.1202 0.0515 0.0291 0.1229 0.1257 0.2305 

 

 

6- 24  POSPac(PPP) PPK (9 5 ) 
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6- 25  CSRS(PPP) PPK (9 5 ) 

 

6- 26  CSRS(PPP) POSPac(PPP) (9 5 ) 

( ) 9 6  

    9 6 10~12

2018/9/6 1:51~2018/9/6 9:53 (UTC time) 6- 

8 - 6- 27~ 6- 29

N E 0.2 CSRS(PPP) PPK

0.05 h CSRS(PPP) PPK 0.1~0.2

CSRS(PPP) PPK POSPac(PPP) h

0.2 1.07
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6- 8  (9 6 ) 

  POSPac(PPP)-PPK CSRS(PPP)-PPK CSRS(PPP)-POS(PPP) 

 dE dN dh dE dN dh dE dN dh 

 
0.254 0.204 1.037 0.267 0.211 1.075 0.093 0.128 0.234 

 
0.000 0.000 0.174 0.000 0.000 0.139 0.000 0.003 0.000 

 0.047 0.073 0.524 0.041 0.054 0.530 0.029 0.058 0.046 

0.049 0.057 0.492 0.036 0.044 0.445 0.027 0.055 0.039

 0.023 0.046 0.239 0.027 0.045 0.235 0.016 0.018 0.035 

 

6- 27  POSPac(PPP) PPK (9 6 ) 
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6- 28  CSRS(PPP) PPK (9 6 ) 

 

6- 29  CSRS(PPP) POSPac(PPP) (9 6 ) 

  

    PPP PPK

POSPac(PPP) CSRS(PPP)

CARIS HIP&SIP

 

    Flederamaus CrossCheck
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5*5 SD

( )

 

( ) 5 5  

    5 5 18~22

-5~7 ( ) 20

6- 9 6- 30~ 6- 32 CSRS(PPP)

IHO POSPac(PPP) IHO 1a

  

6- 9  (5 5 ) 

PPK POSPac(PPP) CSRS(PPP) 

3,749,502 2,081,935 1,077,424 

(m) 0.0071 -0.1652 0.0069 

(m) 0.008252 -0.14677 0.007638 

(m) 0.13217 0.20043 0.12205 

(m) -5.58 7.68 -7.78 7.85 -4.46 3.16 

(m) 0.25 0.25 0.25 

184922 731534 37140 

3,564,580 1,350,401 1,040,284 

95.07% 64.86% 96.55% 

1a  0.68 0.68 0.5 

1a 6947 93829 0 

1a  3,742,555 1,988,106 1,077,424 

1a  99.81% 95.49% 100.00% 
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6- 30  PPK (5 5 ) 

 

6- 31  POSPac(PPP) (5 5 ) 
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6- 32  CSRS(PPP) (5 5 ) 

( ) 5 15  

    5 15 19~26

15~80 ( )

6- 10 6- 33~ 6- 35 CSRS(PPP)

IHO POSPac(PPP)

IHO 2   
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6- 10  (5 15 ) 

PPK POSPac(PPP) CSRS(PPP) 

43,212,815 1,449,680 1,500,150 

(m) 0.031 -0.2276 -0.0306 

(m) 0.035151 -0.17086 -0.031727 

(m) 0.16624 0.29403 0.18087 

(m) 15.39 81.16 -51.28 -37.01 -51.78 -37.41 

(m) 0.43 0.42 0.42 

32822 420009 71921 

43,179,993 1,029,671 1,428,229 

99.92% 71.03% 95.21% 

1a  0.79 0.77 0.78 

1a 639 124339 2070 

1a  43,212,176 1,325,341 1,498,080 

1a  99.99% 91.42% 99.86% 

 

 

6- 33  PPK (5 15 ) 
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6- 34  POSPac(PPP) (5 15 ) 

 

6- 35  CSRS(PPP) (5 15 ) 

( ) 5 17  

    5 17 19~24

8~102 ( )

20 6- 11 6- 36~ 6- 

38 CSRS(PPP) IHO

POSPac(PPP) IHO 1a  
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6- 11  (5 17 ) 

PPK POSPac(PPP) CSRS(PPP) 

4,413,593 3,728,684 2,730,367 

(m) 0.0283 -0.041 0.0292 

(m) 0.026796 -0.041336 0.030498 

(m) 0.18505 0.16638 0.16296 

(m) 8.88 102.57 8.88 102.57 8.88 102.57 

(m) 0.26 0.31 0.37 

196174 232659 69487 

4,217,419 3,496,025 2,660,880 

95.56% 93.76% 97.46% 

1a  0.68 0.59 0.68 

1a 4551 5435 314 

1a  4,409,042 3,723,249 2,730,053 

1a  99.90% 99.85% 99.99% 

 

 

6- 36  PPK (5 17 ) 
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6- 37  POSPac(PPP) (5 17 ) 

 

6- 38  CSRS(PPP) (5 17 ) 

( ) 5 18  

    5 18 19~24

16~49 ( )

6- 12 6- 39~ 6- 41 CSRS(PPP)

IHO POSPac(PPP) IHO 

2   
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6- 12  (5 18 ) 

PPK POSPac(PPP) CSRS(PPP) 

3,742,925 3,230,730 307,861 

(m) 0.0184 -0.3617 0.0718 

(m) 0.014677 -0.35556 0.075223 

(m) 0.1891 0.28181 0.20517 

(m) 16 49.48 16 49.48 16.15 49.48 

(m) 0.48 0.34 0.48 

131800 1986118 12243 

3,611,125 1,244,612 185,427 

96.48% 38.52% 96.03% 

1a  0.69 0.64 0.64 

1a 2574 644224 0 

1a  3,740,351 2,586,506 307,861 

1a  99.93% 80.06% 100.00% 

 

 

6- 39  PPK (5 18 ) 
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6- 40  POSPac(PPP) (5 18 ) 

 

6- 41  CSRS(PPP) (5 18 ) 

( ) 5 24  

    5 24 15~20

2~11 ( )

6- 13 6- 42~ 6- 44 CSRS(PPP)

IHO POSPac(PPP)

IHO 1a  
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6- 13  (5 24 ) 

PPK POSPac(PPP) CSRS(PPP) 

1,807,455 2,027,344 1,733,839 

(m) -0.0235 -0.0926 -0.003 

(m) -0.026597 -0.073498 -0.004069 

(m) 0.13336 0.19 0.1229 

(m) 3.55 11.82 2.83 11.46 3.51 11.79 

(m) 0.26 0.26 0.26 

74956 366076 30037 

1,732,499 1,661,268 1,703,802 

95.85% 81.94% 98.27% 

1a  0.51 0.51 0.51 

1a 0 81926 0 

1a  1,807,455 1,945,418 1,733,839 

1a  100.00% 95.96% 100.00% 

 

 

6- 42  PPK (5 24 ) 
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6- 43  POSPac(PPP) (5 24 ) 

 

6- 44  CSRS(PPP) (5 24 ) 

 

( ) 6 5  

    6 5 17~22

21~38 ( )

6- 14 6- 45~ 6- 47 CSRS(PPP)
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IHO POSPac(PPP) IHO 2

 

6- 14  (6 5 ) 

 PPK POSPac(PPP) CSRS(PPP) 

3,408,637 3,408,283 3,408,080 

(m) 0.0085 -0.2289 0.0257 

(m) 0.006688 -0.24037 0.023551 

(m) 0.1254 0.34164 0.12815 

(m) -38.44 -21.04 -21.82 -21.82 -38.79 -21.74 

(m) 0.34 0.34 0.34 

48412 1601766 62733 

3360225 1806517 3345347 

98.58% 53.00% 98.16% 

1a  0.64 0.64 0.64 

1a 642 518401 848 

1a  3,407,995 2,889,882 3,407,232 

1a  99.98% 84.79% 99.98% 

 

 

6- 45  PPK (6 5 ) 
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6- 46  POSPac(PPP) (6 5 ) 

 

6- 47  CSRS(PPP) (6 5 ) 

( ) 9 5  

    9 5 13~17

18~27 ( )

6- 15 6- 48~ 6- 50 CSRS(PPP)

IHO POSPac(PPP) IHO 1a
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6- 15  (9 5 ) 

 PPK POSPac(PPP) CSRS(PPP) 

1826533 1826745 1827151 

(m) -0.0229 -0.0563 -0.029 

(m) -0.025122 -0.20072 -0.029741 

(m) 0.15051 0.48277 0.15837 

(m) -27.53 -18.19 -26.99 -16.72 -27.49 -18.08 

(m) 0.31 0.31 0.31 

65228 1324614 77442 

1761305 502131 1749709 

96.43% 27.49% 95.76% 

1a  0.59 0.59 0.59 

1a 19632 52222 20429 

1a  1806901 1774523 1806722 

1a  98.93% 97.14% 98.88% 

 

 

6- 48  PPK (9 5 ) 
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6- 49  POSPac(PPP) (9 5 ) 

 

6- 50  CSRS(PPP) (9 5 )
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( ) 9 6  

    9 6 13~17

18~27 ( )

6- 16 6- 51~ 6-53 CSRS(PPP)

IHO POSPac(PPP) IHO

 

6- 16  (9 6 ) 

 PPK POSPac(PPP) CSRS(PPP) 

1562802 1561609 1550355 

(m) 0.1551 3.0458 -0.1733 

(m) 0.15031 3.0837 -0.17628 

(m) 0.1066 0.2643 0.10481 

(m) -36.68 -30.67 -33.06 -27.2 -36.84 -30.98 

(m) 0.36 0.36 0.36 

64143 1561609 73486 

1498659 0 1476869 

95.90% 0.00% 95.26% 

1a  0.68 0.67 0.68 

1a 1908 1561609 0 

1a  1560894 0 1550355 

1a  99.88% 0.00% 100.00% 
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6- 51  PPK (9 6 ) 

 

6- 52  POSPac(PPP) (9 6 ) 
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6-53  CSRS(PPP) (9 6 ) 

  

    (Precise Point Positioning, PPP)

POSPac MMS IMU( ) POS PPP

0.6

CSRS PPP

(Post-Processed Kinematics, PPK)

 

     POSPac MMS PPP

0.1~0.5 5- 3

7 POSPac MMS

( )  

    

GNSS IMU POS

POSPacMMS

POSPacMMS PPP

PPP
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GNSS CSRS  

 

5- 3  POSPacMMS  
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6 10

57

 

 

 

    

 

 

107

POSMV / /

/IMU

CSRS
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POSPac MMS

 

  

    

GNSS

GNSS

GNSS  
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    47 4296

435

IHO S-44 TPU IHO

10~120 8- 1

8- 2  
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8- 1 ( ) 
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8- 2 ( )
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    IHO S-44

1. 2.

10~120 128

IHO S-44 8- 1 8- 2  
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8- 1  

9135175 9135175 9129775 9129775 

(m) 0.0534 0.0534 -0.0007 -0.0007 

(m) 0.055099 0.055099 0.000776 0.000776 

(m) 0.14031 0.14031 0.12108 0.12108 

(m) -34.59 -22.18 -128.31 -10.08 -15.64 -3.29 -109.19 8.84 

(m) 0.33 0.33 0.26 0.26 

356654 356654 322458 322458 

8778521 8778521 8807317 8807317 

96.10% 96.10% 96.47% 96.47% 

1a  0.63 0.63 0.52 0.52 

1a 15235 15235 17174 17174 

1a  9119940 9119940 9112601 9112601 

1a  99.83% 99.83% 99.81% 99.81% 

6683434 2849749 6647790 2845705 

(m) -0.0012 0.0057 -0.0783 -0.0506 

(m) -0.004123 0.006207 -0.084113 -0.063338 

(m) 0.096197 0.099963 0.09666 0.10313 

(m) -37.96 -19.17 -91.59 -20.87 -19.51 -0.3 -72.8 -2.11 

(m) 0.33 0.39 0.26 0.3 

47008 17434 217603 75428 

6636426 2832315 6430187 2770277 

99.30% 99.39% 96.73% 97.35% 

1a  0.63 0.72 0.52 0.57 

1a 1 12 26 25 

1a  6683433 2849737 6647764 2845680 

1a  99.99% 99.99% 99.99% 99.99% 
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8- 2  

2423956 2423956 2357589 2357589 

(m) 0.0138 0.0138 0.0135 0.0135 

(m) 0.011239 0.011239 0.013161 0.013161 

(m) 0.13039 0.13039 0.12934 0.12934 

(m) -34.63 -27.61 -127.97 -11.71 -15.62 -8.67 -109.92 7.65 

(m) 0.35 0.35 0.27 0.27 

43306 43306 108069 108069 

2380650 2380650 2249520 2249520 

98.21% 98.21% 95.42% 95.42% 

1a  0.65 0.65 0.53 0.53 

1a 1693 1693 3229 3229 

1a  2422263 2422263 2354360 2354360 

1a  99.93% 99.93% 99.86% 99.86% 

4025966 1026151 4112949 1938697 

(m) -0.0001 -0.0079 -0.0003 -0.0033 

(m) -0.001481 -0.006892 -0.00227 -0.003666 

(m) 0.12744 0.11039 0.16246 0.11589 

(m) -37.67 -18.61 -89.64 -28.92 -19.51 -0.3 -72.8 -2.11 

(m) 0.34 0.5 0.33 0.33 

89368 889 167952 8049 

3936598 1025262 3944997 1930648 

97.78% 99.91% 95.92% 99.58% 

1a  0.63 0.9 0.63 0.62 

1a 10268 46 25238 621 

1a  4015698 1026105 4087711 1938076 

1a  99.74% 99.99% 99.39% 99.97% 
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172877 172960 

(m) 0.0338 0.0472 

(m) 0.45032 0.48076 

(m) 0.11964 0.13241 

(m) -94.46 -22.13 -72.81 -0.28 

(m) 0.80 0.35 

6368 8770 

166509 164200 

96.31% 96.04% 

1a  0.44 0.65 

1a 225 346 

1a  172652 172624 

1a  99.87% 99.80% 

 

8- 3  
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(m) -94.46 -22.13 -72.81 -0.28 

(m) 0.80 0.35 

 6368 8770 

 166509 164200 

 96.31% 96.04% 

1a  0.44 0.65 

1a  225 346 

1a  172652 172624 

1a  99.87% 99.80% 
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8- 5  PPP  

PPK POSPac(PPP) CSRS(PPP) PPK POSPac(PPP) CSRS(PPP) 

3,749,502 2,081,935 1,077,424 43,212,815 1,449,680 1,500,150 

184922 731534 37140 32822 420009 71921 

3,564,580 1,350,401 1,040,284 43,179,993 1,029,671 1,428,229 

95.07% 64.86% 96.55% 99.92% 71.03% 95.21% 

1a  0.68 0.68 0.5 0.79 0.77 0.78 

1a 6947 93829 0 639 124339 2070 

1a  3,742,555 1,988,106 1,077,424 43,212,176 1,325,341 1,498,080 

1a  99.81% 95.49% 100.00% 99.99% 91.42% 99.86% 

PPK POSPac(PPP) CSRS(PPP) PPK POSPac(PPP) CSRS(PPP) 

4,413,593 3,728,684 2,730,367 3,742,925 3,230,730 307,861 

196174 232659 69487 131800 1986118 12243 

4,217,419 3,496,025 2,660,880 3,611,125 1,244,612 185,427 

95.56% 93.76% 97.46% 96.48% 38.52% 96.03% 

1a  0.68 0.59 0.68 0.69 0.64 0.64 

1a 4551 5435 314 2574 644224 0 

1a  4,409,042 3,723,249 2,730,053 3,740,351 2,586,506 307,861 

1a  99.90% 99.85% 99.99% 99.93% 80.06% 100.00% 

PPK POSPac(PPP) CSRS(PPP) PPK POSPac(PPP) CSRS(PPP) 

1,807,455 2,027,344 1,733,839 3,408,637 3,408,283 3,408,080 

74956 366076 30037 48412 1601766 62733 

1,732,499 1,661,268 1,703,802 3360225 1806517 3345347 

95.85% 81.94% 98.27% 98.58% 53.00% 98.16% 

1a  0.51 0.51 0.51 0.64 0.64 0.64 

1a 0 81926 0 642 518401 848 

1a  1,807,455 1,945,418 1,733,839 3,407,995 2,889,882 3,407,232 

1a  100.00% 95.96% 100.00% 99.98% 84.79% 99.98% 

PPK POSPac(PPP) CSRS(PPP) PPK POSPac(PPP) CSRS(PPP) 

1826533 1826745 1827151 1562802 1561609 1550355 

(m) 0.31 0.31 0.31 0.36 0.36 0.36 



 

142 

 

65228 1324614 77442 64143 1561609 73486 

1761305 502131 1749709 1498659 0 1476869 

96.43% 27.49% 95.76% 95.90% 0.00% 95.26% 

1a  0.59 0.59 0.59 0.68 0.67 0.68 

1a 19632 52222 20429 1908 1561609 0 

1a  1806901 1774523 1806722 1560894 0 1550355 

1a  98.93% 97.14% 98.88% 99.88% 0.00% 100.00% 

 

  

    72

6

 

 

1. http://www.cwb.gov.tw/  

2. http://www.fa.gov.tw/cht/  

3. IHO http://www.iho.int/  

4. IHO S-57 / Electronic Nautical Charts (ENCs) - Object and Attribute 

Catalogue. Free online version,http://www.s-57.com/. 

5. 106 (2017)  

 

6. (2016)  

7. 0450

( ) 0356 ( ) 0336

( )  

8.Precise Point Positioning CSRS-PPP Service 
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https://webapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php?locale=en  

9. 104 (2015)  
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