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Abstract 

Taiwan is surrounded by sea, total area of territorial sea (including areas 

between the coastline of internal water, the territorial sea and the adjacent sea 

area) reach approximately 80,000 km2 . It is rich in marine resources, and the 

marine business has become one of the government's future policies and priorities. 

Due to insufficient data base establishment of territorial sea, and lacks of 

systematic operation for data sharing and integration, in addition to the threat of 

sovereignty comes from the neighboring countries to our country’s territory, 

continental shelf or exclusive economic sea area still exists, Ministry of Interior 

had proposed The National Development Plan for Territorial Sea Investigation 

and Maps Integration (2015-2020) which was approved by the Executive Yuan 

in 2014, funding year by year to establish the basic maps of territorial sea around 

our country. And set up the "Taiwan Electronic Navigational Chart Center 

(TENCC)" on November 15, 2018, responsible for the production, updating and 

maintenance of electronic navigational charts. In the 2020 annual policy plan of 

the Ministry of the Interior, in order to construct the basic data of the sea area, 

promote the "Sea Area Surveying and Multi-Dimensional Map Information 

Application Development Project" (2020-2026) to allocate funds for the basic 

survey of the sea area around Taiwan, handle the topographic survey of the sea 

area, and construct The results of high-precision basic surveying and mapping of 

the national land and sea areas are provided for national land planning and 

utilization to assist the country's economic construction and development. 

This report is written to explain the methodology of investigation and the 

results particularly focusing on the part of coastal waters of  offshore waters 

north of Penghu County in 2022,the area of  Penghu County is 640 km2. In this 

plan, the whole area topography is surveyed by using multi-beam sounding 

system and PPK(Post-Processing Kinematic) positioning method. According to 

the sounding accuracy requirements,  the entire survey areas are order 1a 

accuracy. It not only meets the requirements of this plan, but also meets the 

contents of the“Standards for Hydrographic Surveys”(S-44)  issued by the 

International Hydrographic Organization (IHO). 

In this plan, the investigation of feature objects detected 1 unregistered 

shipwrecks. 
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The results of this plan has accomplished 3 SHP layer classification files for 

the electronic navigation map pre-data and metadata for the numerical terrain 

model and the electronic navigation map pre-data were completed and setting up 

5m by 5m digital elevation model. 

 

 

Keywords: multi-beam echo sounder, PPK positioning, feature detection, 

pre-data for the electronic navigation map, metadata, digital elevation model. 
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0.000 -2.291 2.935

 

2-3  

 1  

 

 

 

(2018-2021) 

(m) 2.164 

(m) 2.112 

(m) 1.441 

(m) 0.000 
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2.  

2006 2021

( 2-4) 1.5

50% 2 ~9

2 ~9 1.5 50%

5 ~8

 

2-4 (2006~2020) 

 
 
 

 
 

(m) 
 

( ) 

 
 

(m) ( ) 
 

( ) 
 
 

0.6 0.6~1.5 1.5~2.5 2.5 
(%) (%) (%) (%) 

1 10,624  5.8 11.6 33 2011/01/15 1.8 5.2 8.7 30.8 41.5 19.0 
2  8,706  5.3 11.6 33 2012/02/07 1.4 5.1 21.6 32.7 34.2 11.5 
3 9,567  4.9 8.0 56 2012/03/10 1.3 4.9 28.4 37.3 23.9 10.4 
4  8,686  5.1 10.4 67 2009/04/01 1.0 4.8 36.5 39.7 20.0 3.8 
5  8,922  4.2 10.4 45 2011/05/28 0.7 4.6 57.9 32.2 9.0 0.9 
6  9,175  5.4 10.2 326 2012/06/20 0.6 4.6 68.2 28.4 3.3 0.2 
7  9,274  3.7 10.4 22 2008/07/27 0.6 4.6 71.9 24.5 3.0 0.5 
8  9,554  6.5 8.7 337 2015/08/08 0.7 4.8 54.7 39.8 4.2 1.2 
9 10,220  6.7 8.0 303 2016/09/27 1.0 4.9 37.7 42.1 16.8 3.4 

10 10,821  6.8 10.4 45 2011/10/03 1.7 5.2 8.5 36.8 42.0 12.7 
11 10,994  6.2 13.1 56 2009/11/17 1.7 5.2 10.2 35.0 36.9 17.8 
12 11,078  6.0 11.6 45 2011/12/09 1.9 5.3 5.5 28.4 44.4 21.7 
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3-4  

 

     /    

STONEX SC200 

( ) 

 

SN:SC2007031003W 
SN:SC2007031004W 

(H)2.5mm+1.0ppm 
              (V)5.0mm+1.0ppm 

(H)8.0mm+1.0ppm 
              (V)15.0mm+1.0ppm 

5Hz 
 

Reson T50-P 

 

SN:95774719370 
256~512 165° 

200~400kHz 
0.5°*1.0°(400kHz) 
1.0°*2.0°(200kHz) 

575m 0.60cm 
  

IXSea OCTANS 100 

 

SN:3471-858 
Heading :±0.1  
Heave : 5cm 5%  
Roll&Pitch : 0.01   

SeaBird SBE39  

 

SN: 3939780-1956 
:± 0.01m (RMS)   

AML Micro X 

 

SN: 010597 
:1375 – 1625m/sec 

:0.001m/sec 
Accuracy:±0.025%  
Precision:±0.006m/sec  

AML BASE X2 

   

SN: 25741 
:1375 – 1625m/sec 
:6000bar

:0.001m/sec 
Accuracy:±0.025m/sec 
Precision 0.006m/sec 

 

PDS 2000 Ver:3.9.4.6 
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7.1  
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11.3  
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STONEX SC200 
HUATIAN 

 HT-GGB0171A 
SC2007031003W 

 
BG111219904 111.03.07 

 

N 1.0 mm 

E -0.1 mm 

H -0.3 mm 

 

N 15 mm 

E 7 mm 

H -10 mm 

STONEX SC200 
HUATIAN 

HT-GGB0171A 
SC2007031004W 

 
BG111219905 111.03.07 

 

N -0.7 mm 

E -2.5 mm 

H -1.5 mm 
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E 9 mm 

H -6 mm 
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31 589 3-3

3-8

3

(RESON T50-P) (RESON T50-P)

1 110/08/31

20210831-0905_LogData.rar

11 111/05/31

20220531-0603_LogData.rar
2 110/09/01 12 111/06/01

3 110/09/02 13 111/06/02

4 110/09/03 14 111/06/03

5 110/09/04 15 111/06/15

20220615-0619_LogData.rar

6 110/09/05 16 111/06/16

7 111/04/21

20220421-0424_LogData.rar

17 111/06/17

8 111/04/22 18 111/06/18

9 111/04/23 19 111/06/19

10 111/04/24

4

1 111/06/24

20220624-0627_LogData.rar

9 111/07/20

20220720-0723_LogData.rar
2 111/06/25 10 111/07/21

3 111/06/26 11 111/07/22

4 111/06/27 12 111/07/23

5 111/07/08

20220708-0711_LogData.rar
6 111/07/09

7 111/07/10

8 111/07/11

3-3

4

3
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3-7 ( ) ( )

3-9

Latency Pitch Roll Yaw

RESON T50-P(NO1)

110/08/31 0.000 -0.040 -0.210 0.390

111/04/21 0.000 -0.970 -0.120 -0.420

111/05/31 0.000 0.740 -0.210 -0.480

111/06/15 0.000 -0.040 -0.160 0.120

111/06/25 0.000 -0.040 -0.160 0.120

111/07/08 0.000 0.030 -0.190 0.780

111/07/20 0.000 0.110 -0.180 0.210

4.

(Motion 

Sensor) (Gyro Compass)

(pitch) (roll) (yaw)

(heave)

3-8

Yaw

Pitch

Roll
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3-8

5.

(1) (PPK)

PPK JIBE( )

3-10 PPK

3-10 PPK

TWD97[2020]

(m)N (m) E (m)

JIBE 2626521.982 312530.039 31.018

(2) 0.5

(UTC) (

UTC+8)

(3)

PPK
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6.  

(1)

(TDGB)
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0.5 /

2  

(3)

3-9  



24 

 

 

3-9 ( )  

( )  

1.PPK  

(PPK)

GNSS GPS+GLONASS+BEIDOU 3

Trimble Business Center V2.5( TBC)

TWD97[2020]

( )  

TBC

0.05m+1ppm 0.10m+1ppm 3-10

Fix Fail

PPK PPK

Fix Float 3-11 Fix

93.87%
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3-10 TBC  

3-11 PPK  

2021/08/30 22:08:43 2021/08/31 06:52:35 0.5   62,866   61,154  97.28%  

2021/08/31 06:08:42 2021/08/31 14:52:37 0.5   62,871   59,015  93.87% 2022/04/21

 

2021/08/31 15:39:47 2021/09/01 09:54:51 0.5  131,409   126,607  96.35%  
2021/09/01 10:36:12 2021/09/02 12:28:37 0.5  186,291   186,209  99.96%  
2021/09/02 12:28:42 2021/09/03 14:30:42 0.5  187,441   182,641  97.44%  
2021/09/03 14:28:42 2021/09/04 16:30:35 0.5  187,427   187,425  100.00%  
2021/09/04 16:28:42 2021/09/05 19:14:13 0.5  192,663   191,307  99.30%  
2022/04/21 10:14:19 2022/04/22 08:00:42 0.5  156,767   155,949  99.48%  
2022/04/22 07:58:42 2022/04/23 08:00:42 0.5  173,041   170,994  98.82%  
2022/04/23 07:58:42 2022/04/24 08:00:42 0.5  173,041   171,029  98.84%  
2022/04/24 07:58:42 2022/04/25 07:37:04 0.5  170,205   163,137  95.85%  
2022/05/31 21:05:19 2022/06/01 08:00:42 0.5   78,647    76,819  97.68%  
2022/06/01 07:58:42 2022/06/02 08:00:42 0.5  173,041   171,803  99.28%  
2022/06/02 07:58:42 2022/06/03 08:00:42 0.5  173,041   167,627  96.87%  
2022/06/03 07:58:42 2022/06/04 04:32:50 0.5  148,098   148,075  99.98%  
2022/06/15 14:42:11 2022/06/16 08:00:42 0.5  124,623   124,338  99.77%  
2022/06/16 07:58:42 2022/06/17 08:00:42 0.5  173,041   172,898  99.92%  
2022/06/17 07:58:42 2022/06/18 08:00:42 0.5  173,041   172,708  99.81%  
2022/06/18 07:58:42 2022/06/19 08:40:25 0.5  177,807   176,818  99.44%  
2022/06/25 07:48:42 2022/06/26 07:59:41 0.5  174,119   170,987  98.20%  
2022/06/26 07:59:42 2022/06/27 07:59:41 0.5  172,799   166,499  96.35%  
2022/06/27 07:59:42 2022/06/28 07:29:46 0.5  169,209   164,832  97.41%  
2022/07/08 07:28:42 2022/07/09 08:00:42 0.5  176,641   176,484  99.91%  
2022/07/09 07:58:42 2022/07/10 08:00:42 0.5  173,041   172,313  99.58%  
2022/07/10 07:58:42 2022/07/11 08:00:42 0.5  173,041   173,014  99.98%  
2022/07/11 07:58:42 2022/07/11 15:58:01 0.5   57,519    55,610  96.68%  
2022/07/21 03:58:42 2022/07/21 08:00:42 0.5   29,041    28,915  99.57%  
2022/07/21 07:58:42 2022/07/22 08:00:42 0.5  173,041   173,013  99.98%  
2022/07/22 07:58:42 2022/07/23 08:00:42 0.5  173,041  172,918  99.93%  
2022/07/23 07:58:42 2022/07/24 00:00:42 0.5  115,441   115,360  99.93%  
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2.  

3-11  

 

3-11  

(1)

 

(2)

 

(3) 3D

( 3-12 3-13) 

(Patch Test)

ASCII XYZ

(Roll)

(Pitch)

(Yaw)

(Latency)
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3-12  

 

3-13 3D  

(4)  

2

(Sound Velocity Profiling SVP)

3-12 3-14

”Nearest in time”
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3-12 (SVP)  

2021/08/31 03:10 24-22-16 119-53-08 2022/06/17 01:59 24-09-43 119-39-57 

2021/08/31 10:54 24-17-38 119-44-29 2022/06/17 04:35 24-12-04 119-39-41 

2021/08/31 18:01 24-17-47 119-46-45 2022/06/17 11:55 24-10-44 119-40-05 

2021/09/01 01:10 24-17-37 119-48-57 2022/06/17 13:33 24-08-58 119-38-41 

2021/09/01 04:58 24-16-33 119-43-53 2022/06/17 21:50 24-08-58 119-37-39 

2021/09/01 18:29 24-13-26 119-45-08 2022/06/18 05:13 24-09-08 119-38-16 

2021/09/01 21:00 24-13-26 119-45-53 2022/06/18 14:03 24-06-00 119-39-27 

2021/09/02 09:31 24-13-34 119-46-51 2022/06/18 17:05 24-07-37 119-40-04 

2021/09/02 17:49 24-16-36 119-48-48 2022/06/19 02:57 24-08-16 119-40-33 

2021/09/02 23:27 24-13-36 119-45-48 2022/06/25 01:46 24-06-03 119-41-22 

2021/09/03 07:21 24-10-29 119-44-42 2022/06/25 04:45 24-06-04 119-39-42 

2021/09/03 17:00 24-13-34 119-43-34 2022/06/25 07:33 24-04-37 119-35-04 

2021/09/03 23:44 24-14-57 119-43-24 2022/06/25 10:51 24-06-07 119-37-47 

2021/09/04 07:24 24-17-37 119-42-17 2022/06/25 18:51 24-06-05 119-35-53 

2021/09/04 17:21 24-17-36 119-40-59 2022/06/26 00:21 24-05-35 119-36-30 

2021/09/04 23:42 24-13-26 119-43-22 2022/06/26 06:26 24-04-37 119-35-04 

2021/09/05 07:35 24-13-25 119-41-39 2022/06/26 13:39 24-05-56 119-35-45 

2022/04/21 02:14 24-17-31 119-49-19 2022/06/26 20:46 24-09-05 119-36-50 

2022/04/21 08:27 24-15-00 119-47-39 2022/06/27 05:13 24-12-15 119-36-23 

2022/04/21 10:54 24-13-32 119-42-52 2022/06/27 11:44 24-12-05 119-35-01 

2022/04/21 17:43 24-11-57 119-41-29 2022/06/27 15:58 24-08-59 119-34-54 

2022/04/22 01:46 24-13-28 119-41-09 2022/06/27 19:56 24-09-47 119-36-05 

2022/04/22 07:50 24-12-03 119-42-28 2022/06/27 22:21 24-11-14 119-36-07 

2022/04/22 12:22 24-12-04 119-41-41 2022/07/07 23:20 24-14-52 119-35-56 

2022/04/22 19:42 24-10-35 119-42-27 2022/07/08 06:01 24-14-57 119-35-04 

2022/04/23 05:11 24-10-34 119-41-33 2022/07/08 09:08 24-17-43 119-30-59 

2022/04/23 12:51 24-09-43 119-40-30 2022/07/08 14:31 24-14-56 119-33-37 

2022/04/23 20:49 24-07-11 119-42-21 2022/07/08 21:42 24-14-57 119-32-36 

2022/04/24 04:57 24-09-03 119-41-46 2022/07/09 03:53 24-14-56 119-31-23 

2022/04/24 12:26 24-09-03 119-41-14 2022/07/09 06:39 24-16-59 119-34-42 

2022/04/24 20:15 24-06-43 119-40-42 2022/07/09 14:52 24-17-18 119-36-09 

2022/04/24 23:27 24-08-16 119-43-07 2022/07/09 16:05 24-17-39 119-33-47 

2022/05/31 16:02 24-17-37 119-40-26 2022/07/09 22:15 24-15-05 119-31-09 

2022/05/31 22:51 24-16-29 119-39-34 2022/07/10 05:55 24-11-58 119-32-23 

2022/06/01 00:07 24-14-58 119-39-25 2022/07/10 11:30 24-15-04 119-33-31 

2022/06/01 08:06 24-17-38 119-38-27 2022/07/10 17:48 24-15-06 119-34-02 

2022/06/01 14:50 24-17-41 119-37-31 2022/07/10 23:42 24-15-15 119-34-34 

2022/06/01 23:54 24-17-40 119-38-43 2022/07/10 11:30 24-15-04 119-33-31 

2022/06/02 07:41 24-17-41 119-36-18 2022/07/10 21:48 24-15-15 119-34-34 

2022/06/02 16:04 24-13-28 119-36-48 2022/07/10 23:42 24-14-38 119-35-26 

2022/06/03 00:04 24-13-29 119-38-29 2022/07/11 07:31 24-12-46 119-36-09 

2022/06/03 02:35 24-13-29 119-38-29 2022/07/20 20:53 24-15-11 119-35-56 

2022/06/03 07:51 24-13-28 119-40-15 2022/07/21 04:23 24-08-57 119-33-05 

2022/06/03 15:57 24-11-59 119-39-09 2022/07/21 12:01 24-08-56 119-31-42 

2022/06/03 20:20 24-11-59 119-40-01 2022/07/21 20:22 24-12-07 119-30-06 

2022/06/15 14:00 24-13-37 119-40-26 2022/07/22 05:52 24-05-56 119-31-25 

2022/06/15 21:05 24-11-55 119-37-51 2022/07/22 14:01 24-05-54 119-33-14 

2022/06/16 06:13 24-11-58 119-37-03 2022/07/22 21:40 24-06-00 119-34-23 

2022/06/16 14:08 24-12-13 119-36-38 2022/07/23 05:53 24-03-36 119-32-12 

2022/06/16 21:44 24-08-58 119-40-16 2022/07/23 14:20 24-05-15 119-29-52 
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3-14 (SVP)  

(5)  

0.1 6

( 3-15  

111 1 12

( )

( 3-13)  
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3-15 111 1

3-13

TIDE_STATION( )

TDGB 23.7394763 119.6104427 4.00 0.05 F:\Caris\Tide\TDGB.tid

TIDE_ZONE( )

( ) (m)
TZ01 TDGB Primary -12 1.36 0.00 0.05
TZ02 TDGB Primary -6 1.36 0.00 0.05
TZ03 TDGB Primary -12 1.32 0.00 0.05
TZ04 TDGB Primary -6 1.32 0.00 0.05
TZ05 TDGB Primary -12 1.28 0.00 0.05
TZ06 TDGB Primary -6 1.28 0.00 0.05
TZ07 TDGB Primary -12 1.24 0.00 0.05
TZ08 TDGB Primary -6 1.24 0.00 0.05
TZ09 TDGB Primary -12 1.20 0.00 0.05
TZ10 TDGB Primary -6 1.20 0.00 0.05
TZ11 TDGB Primary -12 1.16 0.00 0.05
TZ12 TDGB Primary -6 1.16 0.00 0.05

TZX  
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(6)

A.PPK

B. PPK TBC

WGS84

( )

C.

Caris HIPS ( Caris)

D. Heave

Caris Compute GPS Tide GNSS

3-16 Apply 

Dynamic Heave Heave

GPS Tide( )

E. Apply GPS Tide

3-16 HVF
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3-17 Compute GPS Tide  

(7)  

 

A.  

111 4 14

Caris 

HIPS 11.3 (SEP.tif SEP.xyz)

GPSTide WGS84

3-18  

 

3-18  CARIS HIPS  
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B.  

3-19   

( )  

100%

5 *5 CARIS HIPS

3-14

3 160% 4

152% 100%  

3-14  

338,708,500 274,889,475 267,285,525 203,466,500 160% 

318,123,375 243,662,475 241,329,425 166,868,525 152% 
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( )  

5 *5

111

-15 -92

1 -76 3-20 3-21  

-35

-35 ~-92  

 

3-20 ( ) 

 

3-21 ( ) 



35 

 

 

( )  

(TENCC)

 

1.  

0328A

107 10 31

(TENCC) 111

1 3-15

3-22  

2.  

PA Position Approximate) PD(Position Doubtful) ED 

Existence Doubtful SD Sounding Doubtful

 

(TENCC)

3 Rep 2

3-15 3-22  
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3-15

3

Wrecks N 24.2732722°, E 119.7166667°
0328A_107.10.31

Rep(1954)(18) N 24.2666667°, E 119.6443278°
0328A_107.10.31

Shoal_1(9.6) N 24.1829410°, E 119.6384849°
0328A_107.10.31

4

Rep(1983)(18) N 24.2298556°, E 119.5591417°
0328A_107.10.31

Shoal_2(17.3) N 24.1908664°, E 119.5614498°
0328A_107.10.31

Rep(1955)(12.8) N 24.0833333°, E 119.5833333°
0328A_107.10.31

3-22

( )
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1.  

2. side scan  

3.  

 

( )  

 

( )  

111

500

1

5

1

3-16 3-17 3-23

3-18~ 3-24  
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3-16

/
(m) ( )(m)

3

Wreck --
---

--- MB
---

Rep 1 --
---

--- MB
---

Shoal 1 --
---

--- MB
---

4

Rep 2 --

---

--- MB
---

Shoal 2 --
---

--- MB
---

Rep 3 --
---

--- MB
---

3-17

*
( ) /

4 New_Wreck 35*4*5.5
24.2341742°

24.229
MB/111.06.17
MB/111.07.10119.5674190°

3-23 111

Rep1

Shoal 1

Wreck

Rep2

Shoal 2Rep3New_Wreck
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3-18 1 (1)

110 111 1

Wreck
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N 24.2732722°  E 119.7166667°

  WGS84

(m)
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3-19 1 (2)

110 111 1

Rep1



42 

 

N 24.2666667°  E 119.6443278°

  WGS84

(m)
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3-20 1 (3)

110 111 1

Shoal1
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N 24.1829410°  E 119.6384849°

  WGS84

(m)
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3-21 1 (4)

110 111 1

Rep2
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N 24.2298556°  E 119.5591417°

  WGS84

(m)
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3-22 1 (5)

110 111 1

Shoal2
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N 24.1908664°  E 119.5614498°

  WGS84

(m)
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3-23 1 (6)

110 111 1

Rep3
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N 24.0833333°  E 119.5833333°

  WGS84

(m)
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3-24 1 (1)

110 111 1
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N 24.2341742°  E 119.5674190° WGS84

(m) 24.229

35*4*5.5
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( )  

TWD97[2020]

107

 

1.  

Caris HIPS 7.1

3-24  

 

3-24 DTM  
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2.  

(1)  

(DTM) Caris HIPS 7.1

”Swath Angle Weighting”

5 *5

 

 

3-25 DTM  

(2)  

ASCII

112  

( )  

GIS

WGS84

 

1.  

(1) WGS84  

(2) WGS84( 10-7 ) 

2.  

(1)
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(ASCII ) WGS84

 

(2)

WGS84

: 

, , , WGS84_ , WGS84_ , ,

,  
2022/07/23,12:57:55.927,3.635,119.4988347,24.0602991,78.872,0.710,0.325 

(3) UTC 3  

(4) 3  

(5)

 

3.  

(1) (field sheet smooth sheet) : 

A. GIS

S57

:

ROADWY(L) ROADWY(A)  

B.

 

C. S57 (WGS84)

TWD97 SHP

WGS84  

D. GIS ( Arc GIS 9.3) SHP

 

E.  

F. Shape 3-25  
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3-25  

M_QUAL_S44 
DEPARE 
WRECKS 

(2) :: 

A. WGS84( 10-7 )

 

B.  

C.  

D.  

E.

 

F. B E (GIS )

(IHO)  

G.  

4.  

(1)

WGS84 

/

WGS84 

(*.tif)  

(2)

IHO  
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(3) WGS84

 

(4) WGS84

 

(5)

 

( )  

(TaiWan Spatial Metadata Profile TWSMP)
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CARIS Mira AI SonarNoise Classifier  

CARIS MiraAI SonarNoise Classifier( Mira AI)

Intel(R) Core(TM) i7-8700 CPU 

12 @ 3.20GHz 128GB 1G/600M  

( )  

Mira AI

45 GB

45 GB  

( )  

Mira AI

3-26

 

3-26 Mira AI  

 

(GB) 

 

(hh:mm:ss) (GB) 
 

16.9 00:31:19 80  

22.7 00:51:14 80  

42.1 03:02:26 90  

47.7 ---- 108 
3

 

( )  

 

Mira AI
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Finest vertical resolution( ) Noise confidence 

filter( ) Mira AI  

 -17  ~ 

-41

5%

3-27  

3-27 Mira AI  
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Mira AI  

1.Mira AI

 

2. Mira AI

 

3.Mira AI

AI AI
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( )

Caris

SubsetTiles

4-1
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( )

4-2

2 3 0

~18.66 0~0.53 4-3 4 0

~38.90 0~0.49 4-4 ( )

1a [!0.5" + (0.013 # $)" d ]

4-2

4-3 3
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4-4 4  

( ) TPU  

4-5

4-6  

 

4-5  
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4-6

( )

4-7

4-7

PPK

1.
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(

4-8)

4-8

2.

6~8

4-9
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( 4-1)

1a 1 443

1a  

4-1  

  
1  2  

1a 1b 

 

95%  
2  5 +5%*  5 +5%*  

20 +10%*

 

 

95%  

a=0.25  

b=0.0075 

a=0.5  

b=0.013 

a=0.5  

b=0.013 

a=1  

b=0.023 

     

 
1

 

40

2

40

10%  

  

 

2  2  2  5  

 
10  20  20  20  

 
10  10  10  20  

 
 

100

 

100

 

100

 

[a2+(b×d)2]1/2 95%  

a b d  

 

( )  

3 4 RESON T50-P(NO1)

1a 4-10

( LAT)

LAT LAT LAT (
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( ) 2. (7)

)  

 

4-10  

1.  

5 *5

 

(1) 3  

3 98.96%

98.99% LAT 99.18% LAT

98.69% IHO 1a

4-11~ 4-14 4-2~ 4-5  
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4-11 3 ( ) 

 

4-2 3 ( ) 

:  175,598,208  
(m):  0.07 
(m): 0.24 

(m): -52.32 ~ -16.19 
(m): 0.34 

_ :  149,784,838  : 85.30% 
_ :  25,813,370 : 14.70% 

1a (m): 0.64 
1a _ :  173,770,155 : 98.96% 

1a _ :   1,828,053 : 1.04% 

 

 

4-12 3 ( ) 
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4-3 3 ( ) 

:  175,588,854 

(m):  0.01 
(m): 0.17  

(m): -35.57 ~ 0.59 
(m) 0.27 

_ :  160,998,849 : 91.69% 

_ :  14,590,005 : 8.31% 

1a (m) 0.53 
1a _ :  173,821,228 : 98.99% 

1a _ :   1,767,626 : 1.01% 

 

 

4-13 3 ( LAT) 

 

4-4 3 ( LAT) 

:  175,552,091 

(m):  0.00 
(m): 0.18 

(m): -49.98 ~ -13.30 
(m) 0.33 

_ :  165,660,851  : 94.37% 
_ :  9,891,240  : 5.63% 

1a (m) 0.62 
1a _ :  174,108,242 : 99.18% 

1a _ :   1,443,849 : 0.82% 
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4-14 3 ( LAT) 

4-5 3 ( LAT) 

:  177,134,312 

(m):  0.06 
(m): 0.25 

(m): -50.17 ~ -13.49 
(m) 0.33 

_ :  142,857,459  : 80.65% 
_ :  34,276,853  : 19.35% 

1a (m) 0.62 
1a _ :  174,805,010 : 98.69% 

1a _ :   2,329,302 : 1.31% 

 

(2) 4  

4 99.85%

99.42% LAT 99.71% LAT

99.28% LAT 99.82% IHO

1a 4-15~ 4-18 4-6~

4-9  
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4-15 4 ( ) 

 

4-6 4 ( ) 

:  96,818,341  
(m):  -0.01 
(m): 0.18 

(m): -85.93 ~ -21.90 
(m): 0.47 

_ :  93,216,155  : 96.28% 
_ :  3,602,186 : 3.72% 

1a (m): 0.85 
1a _ :  96,671,882 : 99.85% 

1a _ :   146,459 : 0.15% 

 

 

4-16 4 ( ) 
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4-7 4 ( ) 

:  96,782,617 
(m):  -0.02 
(m): 0.18  
(m): -69.42 ~ -5.44 

(m) 0.37  
_ :  88,929,244  : 91.89% 

_ :  7,853,373 : 8.11% 
1a (m) 0.69 
1a _ :  96,220,495  : 99.42% 

1a _ :   562,122 : 0.58% 

 

 

4-17 4 ( LAT) 

 

4-8 4 ( LAT) 

:  96,869,311 
(m):  -0.01 
(m): 0.18  
(m): -83.17 ~ -19.05 

(m) 0.45  
_ :  92,019,190 : 94.99% 

_ :  4,850,121 : 5.01% 
1a (m) 0.82 
1a _ :  96,584,549 : 99.71% 

1a _ :   284,762  : 0.29% 
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4-18 4 ( LAT) 

 

4-9 4 ( LAT) 

:  97,854,520 
(m):  -0.01 
(m): 0.18  
(m): -83.06 ~ -18.84 

(m) 0.45  
_ :  96,672,448 : 95.73% 

_ :  4,182,072 : 4.27% 
1a (m) 0.82 
1a _ :  97,679,210 : 99.82% 

1a _ :   175,310 : 0.18% 

 

2.  

5

*5

 

(1) 3  

3 99.33%

98.96% LAT 99.07%

LAT 99.28% IHO 1a

4-19~ 4-22 4-10~ 4-13  
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4-19 3 ( ) 

 

4-10 3 ( ) 

:  7,100,551 
(m):  0.00 
(m): 0.15 

(m): -55.09 ~ -15.28 
(m): 0.35 

_ :  6,873,680 : 96.80% 
_ :  226,871 : 3.20% 

1a (m): 0.65 
1a _ :  7,053,013 : 99.33% 

1a _ :   47,538 : 0.67% 

 

 

4-20 3 ( ) 
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4-11 3 ( ) 

:  8,076,407 
(m):  0.00 
(m): 0.15 
(m): -38.26 ~ 1.20 

(m) 0.27  
_ :  7,633,406 : 94.51% 

_ :  443,001 : 5.49% 
1a (m) 0.54 
1a _ :  7,992,444 : 98.96% 

1a _ :   83,963 : 1.04% 

 

 

4-21 3 ( LAT) 

 

4-12 3 ( LAT) 

:  8,161,177 
(m):  0.00 
(m): 0.16 
(m): -52.73 ~ -12.67 

(m) 0.33 
_ :  7,816,684 : 95.78% 

_ :  344,493 : 4.22% 
1a (m) 0.63 
1a _ :  8,085,499 : 99.07% 

1a _ :   75,678 : 0.93% 
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4-22 3 ( LAT) 

 

4-13 3 ( LAT) 

:  7,008,568 
(m):  0.00 
(m): 0.15 
(m): -52.64 ~ -12.59 

(m) 0.33 
_ :  6,958,176 : 96.38% 

_ :  253,834 : 3.62% 
1a (m) 0.63 
1a _ :  6,958,176 : 99.28% 

1a _ :   50,392 : 0.72% 

 

(2) 4  

4 99.87%

99.76% LAT 99.87% LAT

99.86% IHO 1a

4-23~ 4-26 4-14~ 4-17  
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4-23 4 ( ) 

 

4-14 4 ( ) 

:  6,874,780 
(m):  0.00 
(m): 0.14 

(m): -91.38 ~ -21.85 
(m): 0.53  

_ :  6,793,221 : 98.81% 
_ :  81,559 : 1.19% 

1a (m): 0.95 
1a _ :  6,865,963 : 99.87% 

1a _ :   8,817 : 0.13% 

 

 

4-24 4 ( ) 
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4-15 4 ( ) 

:  6,674,741 
(m):  0.00 
(m): 0.14 
(m): -74.95 ~ -5.29 

(m) 0.42 
_ :  6,507,401 : 97.49% 

_ :  167,340 : 2.51% 
1a (m) 0.78 
1a _ :  6,658,537 : 99.76% 

1a _ :   16,204 : 0.24% 

 

 

4-25 4 ( LAT) 

 

4-16 4 ( LAT) 

:  6,850,615 
(m):  0.00 
(m): 0.14 
(m): -88.74 ~ -18.95 

(m) 0.51  
_ :  6,758,491 : 98.66% 

_ :  92,124 : 1.34% 
1a (m) 0.92 
1a _ :  6,841,368 : 99.87% 

1a _ :   9,247 : 0.13% 
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4-26 4 ( LAT) 

 

4-17 4 ( LAT) 

:  6,849,760 
(m):  0.00 
(m): 0.14 
(m): -88.52~ -18.79 

(m) 0.51  
_ :  6,755,875 : 98.63% 

_ :  93,885 : 1.37% 
1a (m) 0.92 
1a _ :  6,840,122 : 99.86% 

1a _ :   9,638 : 0.14% 

 

3. LAT LAT  

LAT

LAT LAT

LAT 5

*5 LAT

4-27 4-18 -0.122

0.166  
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4-27 LAT LAT  

 

4-18 LAT LAT  

 

( )  

(Total Propagated Uncertainty TPU)

(Total Horizontal Uncertainty

THU) (Total Vertical Uncertainty TVU)

CARIS HIPS

 

(1)  

GNSS Motion

Gyrocompass CARIS Manufacturer Accuracy Values 

for Total Propagated Uncertainty Computation

 

4-19 4-20  
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4-19 CARIS HIPS TPU ( ) 

Teledyne SeaBat T50-P(NO1) 

Navigation STONEX SC200 Position Nav(m) 0.10  
Gyro Ixsea Octans 100 Motion Gyro(deg) 0.10  

Heave 
Ixsea Octans 100 Heave % Amp 5.00  
Ixsea Octans 100 Heave(m) 0.05  

Roll Ixsea Octans 100 Roll(deg) 0.01  
Pitch Ixsea Octans 100 Pitch(deg) 0.01  

 

4-20  

HIPS  
HIPS

 
 

Timing Trans (s) 0.005 

GNSS 1pps

NOAA NOS  

Nav Timing (s) 0.005 

Gyro Timing (s) 0.005 

Heave Timing (s) 0.005 

Pitch Timing (s) 0.005 

Roll Timing (s) 0.005 

  

(2)   

4-21  

 

4-21 CARIS HIPS TPU  

HIPS  HIPS   

Offset X (m) 0.010 

1~2  

Offset Y (m) 0.010 

Offset Z (m) 0.020 

Vessel Speed (m/s) 0.030 
RTK

NOAA NOS  

Loading (m) 0.005 0.01m/2  

Draft (m) 0.020  

Delta Draft (m) 0.010 NOAA NOS  

MRU Align StdDev Gyro (deg) 0.100 /  

MRU Align StdDev Roll/Pitch (deg) 0.010 /  
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(3)   

4-22  

 

4-22 CARIS HIPS TPU  

HIPS  
HIPS  

 
RESON T50-P 

Measured Tide Values (m) 0.042 +0.01m  

Zoning Tide Values (m) 0.050  

Measured Sound Speed 

Values (m/s) 
0.025 AML Micro X  

Surface Sound Speed Values 

(m/s) 
0.025 AML BASE X2  

(4)  

TPU CARIS 5 *5

Uncertainty Uncertainty

Surface QC Report

4-23 4-24

-0.475m

100.00% IHO 1a

-0.723m

100.00% IHO 1a  

 

 

 

 

 

 



83 

 

4-23 3  

 
 

4-24 4  
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AcrGIS

IHO S-44 ( 4-25)

shape

shp M_QUAL_S44( )

DEPARE( ) WRECKS( ) 3

4-25
Shape

M_QUAL_S44

DEPARE
WRECKS ( )

4-28 ENC

( )M_QUAL_S44( )

1. 2. 3.

4. 5.



85 

 

6. ( ) 7.

( ) 8.

( ) 9. 10.

( ) 11. (PPK) 12.

13.  

( )DEPARE( ) 

DEPARE

DRVAL1 DRVAL2( )

QUASOU( ) VERDAT( )

4-26  

4-26 DEPARE  

   
DRVAL1 12.206  
DRVAL2 89.073  
QUASOU 1  
VERDAT 23 Lowest astronomical 

Tide ( ) 

( )WRECKS( ) 

1 24.229

CATWRK( ) QUASOU( )

TECSOU( ) VALSOU( )

VERDAT( ) WATLEV( ) SORDAT(

) 4-27  

4-27  

   
CATWRK 1  
QUASOU 6  
TECSOU 3 multi-beam 
VALSOU 24.2  
VERDAT 10 LAT 
WATLEV 3  
SORDAT 20220710  



86 

 

 

5-1  

5-1

  



87

3:2

3:1( 5-2)

5-2

9

105 1

106



88 

 

109 1 2 1  

5-3

 

 

10 80

 

 



89 

 

 

 

6 6

12 5-1 10 ( 83.33%) 2

( 16.67%)  

5-1  

      

1      

2      

3     
 

4      

5      

6      

7      

8      

9      

10      

11      

12      

 

 

 



90 

 

 

111 1

-15 -92

640  

 

( )  

2 (110 111 ) 110

(110 8 31 )

110 9 5 111 116.5

18.20% 111 523.5

111 4 21 7 23

1 24 24

35 667  

5

24

( ) 7

3

 

( )COVID 19  

COVID 19 110 5

7

110



91 

 

6  

 

( )  

1a

2

1a LAT LAT

98.69%  

(

)

 

( )  

( )

 



92 

 

1a

(TPU)

-0.475m

100.00% IHO 1a

-0.723m 100.00%

IHO 1a  

( )  

1

5

500 1

 

( )  

(LAT)

111 4 14

GPSTide LAT

LAT

( ) (

) 6-1

( ) 4-

18 -0.122 0.166  

6-1 LAT  

175,552,091  8,161,177  96,869,311  6,850,615  
0.00 0.00 -0.01 0.00 
0.18 0.16 0.18 0.14 
0.62 0.63 0.82 0.92 

174,108,242  8,085,499  96,584,549  6,841,368  
99.18% 99.07% 99.71% 99.87% 

177,134,312  7,008,568  97,854,520  6,849,760  
0.06 0.00 -0.01 0.00 
0.25 0.15 0.18 0.14 
0.62 0.63 0.82 0.92 

174,805,010  6,958,176  97,679,210  6,840,122  
98.69% 99.28% 99.82% 99.86% 



93 

 

( )  

Caris SubsetTiles

 

 

 

( )  

110 ~111 2 110 8 31

110 111

110 9 5 110

110 111 116.5

111 523.5

9 11

7 21

1.5  

(2 ) 2

 

( )  

111

2 2

 

2



94 

 

2 2

 

( )  

2 4

 

 

( )Mira AI  

Mira AI 

Mira AI

Mira AI

 

Mira AI Caris 

 

 



95 

 

 

1. http://www.cwb.gov.tw/V8/C  

2. https://ocean.cwb.gov.tw/V2/ 

3. (2022)  

4. (2022)  

5. http://www.fa.gov.tw 

6. (2020)  

7. (107 -0328A)  

 

 

 

 

 



1 

 

 

1  

 

1 

2 

3 

4 



2 

 

 

1 

2 

3 

4 



3 

 

 

1 

2 

 

 

1 

 



1

 

110 111  
1  

8 111 ( ) 

1 

PPK

p.4

?

2 

p.7 ”…

0.240 

-1.167

1.391 ” 2-3

3 

p.10 ” 60

”

?

4 

p.12 3-1 ”

( LAT

)” p.4 ”

”

? p.32

”

(LAT)”

?

(LAT)

5 

p.17 ”

”

6 
p.30 3-15

109 ? 

7 

p.69 ”ISLW

99.87% IHO

1a ”

?

 

 

 

 

 



2

 

110 111  
1  

8 111 ( ) 

1 

111

 

2 

110 111

 

 

3 

111 6 7

 

 

4 

 

 

5 

 

6 

 

 



3

 

110 111  
1  

8 111 ( ) 

7 

LAT

LAT LAT

 

8 

 

 

9 

“

”

 

(Sound Velocity Profiling

SVP)  

10 

“

”

“

”

 

 

11 
“

”

 

IHO 1a

 



4

 

110 111  
1  

8 111 ( ) 

12 

 

 

13 

“ ”

“ ”

“98.9%”

“98.69%”  

14 

Ⅰ

“ ”

 

15 

“ ”

“ ”

“

”

IHO

 



5

 

110 111  
1  

8 111 ( ) 

16 

“ ”

“

”

“ ”

 

17 
“ ”

“

” “

”

 

18 

“ ”

“

”

“

”

 

19 
 

20 

“

”

“

”

 

 



110 111

1

111

:

:

111 11



I

   

...................................................... -1

( ) ................................................................................... 1

( ) ............................................................... 1

( ) ............................................................... 1

( ) ............................................................... 2

.............................................................. -3

.......................................................................... -4

( ) ............................................................... 4

( ) ................................................................................... 5

IHO S-44 ......................... -7

( ) ................................................................................... 7

( ) ................................................................................... 7

( ) ....................................................... 9

( ) ................................................................. 10

( ) ..................................................................... 14

.................................................................... -15

( ) ..................................................................... 15

( ) ................................................................................. 15

( ) ................................................................................. 16



II

      
1 ............................................................... -7

2 ....................................................... -8

3 ( -10

4 ( -10

5 CARIS HIPS TPU ( ) ............... -11

6 ......................................................... -11

7 CARIS HIPS TPU ................. -11

8 CARIS HIPS TPU ................. -12

9 3 LAT

............................................................................................. -13

10 4 LAT

........................................................................................... -13

11 ............................... -14

12 -16

13 .. -17

14 ................................... -17

15 1 (1) .............................. -18

16 1 (2) .............................. -20

17 1 (3) .............................. -22

18 1 (4) .............................. -24

19 1 (5) .............................. -26

20 1 (6) .............................. -28

21 1 (1) .......................... -30



III

      
1 111 1 ............. -2

2 CARIS HIPS ..................... -4

3 ................................................................... -5

4 ....................... -5

5 ....................................................... -6

6 TBC .......... -9

7 ..... -16

8 ......... -17



1

( )

1. WGS84( 10-7 )

2.

( )

1. WGS84( 10-7 )

( )

2.

3.

4.

5.

6. 2 5 (GIS )

(IHO)

7.

( )

1. ASCII

WGS84

2.

(WGS84) / WGS84

3

3. UTC 3

4.



2

( )

1 100%

1

1 111 1



3

1.

WGS84

WGS84

word

(*.tif)

2. IHO

3. WGS84

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)



4

( )

1.

111 4 14

Caris HIPS 11.3

(SEP.tif SEP.xyz) WGS84

2

2 CARIS HIPS

2.

3 0.1 6



5

12

3

4

( )

( )

WGS84 ( )



6

( )

(

) (

) 5

5



7

IHO S-44

( )

111 1a 1

1

1
2

1a 1b

(95% )
2

5

+5%*

5

+5%*

20

+10%*

(95% )

a=0.25

b=0.0075

a=0.5

b=0.013

a=0.5

b=0.013

a=1

b=0.023

1

40 ,

2 ;

40 ,

10%

2 2 2 5

10 20 20 20

10 10 10 20

40 100 100 100

[a2+(b*d)2]1/2 (95% )

    a

      b d

( )

CT3 CT2 128 CT2

6 1

2



8

2

/ 

STONEX SC200
( )

SN:SC2007031003W
(H)2.5mm+1.0ppm

             (V)5.0mm+1.0ppm
(H)8.0mm+1.0ppm

             (V)15.0mm+1.0ppm
5Hz

Reson T50-P

SN:95774719370
256~512 165°

200~400kHz
0.5°*1.0°(400kHz)
1.0°*2.0°(200kHz)

575m 0.60cm

IXSea OCTANS 100
SN:3471-858
Heading :±0.1
Heave : 5cm 5%
Roll&Pitch : 0.01

SeaBird SBE39 SN: 3939780-1956
:± 0.01m (RMS)

AML Micro X

SN: 010597
:1375 – 1625m/sec

:0.001m/sec
Accuracy:±0.025% 
Precision:±0.006m/sec

AML BASE X2

  

SN: 25741
:1375 – 1625m/sec
:6000bar :0.001m/sec

Accuracy:±0.025m/sec
Precision 0.006m/sec

PDS 2000 Ver:3.9.4.6

CARIS HIPS and SIPS 
7.1

CARIS HIPS and SIPS 
11.3



9

( )

1.PPK

(PPK) GNSS

3

Trimble Business Center V2.5( TBC)

0.05m+1ppm ( ) 0.10m+1ppm 6

6 TBC

2.

(1)

PDS2000

Caris HIPS 7.1 Caris HIPS11.3

Caris PPK

(2)



10

3 4

3 (

(m) (m) (m)

1 0.62 0.00 0.18 99.18%

2 0.82 -0.01 0.18 99.71%

4 (

(m) (m) (m)

1 0.63 0.00 0.16 99.07%

2 0.92 0.00 0.14 99.87%

( )

(Total Propagated Uncertainty TPU)

(Total Position Uncertainty THU)

(Total Vertical Uncertainty TVU) CARIS HIPS

1.

(1) GPS

Motion Gyrocompass CARIS

(2)

(3)

2.

(1)



11

CARIS TPU

5 6

5 CARIS HIPS TPU ( )

Reson 7125_No2

HIPS

Navigation STONEX SC200 Position Nav(m) 0.10

Gyro Ixsea Octans 100 Motion Gyro(deg) 0.10 

Heave
Ixsea Octans 100 Heave % Amp 5.00 

Ixsea Octans 100 Heave(m) 0.05 

Roll Ixsea Octans 100 Roll(deg) 0.01 

Pitch Ixsea Octans 100 Pitch(deg) 0.01 

6

HIPS HIPS

Timing Trans (s) 0.005

GPS 1pps

NOAA NOS

Nav Timing (s) 0.005

Gyro Timing (s) 0.005

Heave Timing (s) 0.005

Pitch Timing (s) 0.005

Roll Timing (s) 0.005

(2)

7

7 CARIS HIPS TPU

HIPS HIPS 

Offset X (m) 0.010

1~2Offset Y (m) 0.010

Offset Z (m) 0.020

Vessel Speed (m/s) 0.030
PPK 2

NOS

Loading (m) 0.005 0.01m/2

Draft (m) 0.020

Delta Draft (m) 0.010 NOS

MRU Align StdDev Gyro (deg) 0.100 /

MRU Align StdDev Roll/Pitch (deg) 0.010 /



12

(3)

8

8 CARIS HIPS TPU

HIPS HIPS

3.

TPU CARIS 5m*5m Uncertainty

Uncertainty Surface QC Report

9 10

-0.449m

100.00% IHO 1a -

0.695m 100.00% IHO 1a



13

9 3 LAT

10 4 LAT



14

( )

Shape ( 11)

11

Shape

M_QUAL_S44

WRECKS ( )



15

( )

1. 1a

1

2. 1 1a 40

2 40 10%

( )

(TENCC)

1.

0328A 107

10 31 (TENCC)

111 1

12

2.

(TENCC)

3 Rep 2

12



16

12

3

Wrecks N 24.2732722°, E 119.7166667°
0328A_107.10.31

Rep(1954)(18) N 24.2666667°, E 119.6443278°
0328A_107.10.31

Shoal_1(9.6) N 24.1829410°, E 119.6384849°
0328A_107.10.31

4

Rep(1983)(18) N 24.2298556°, E 119.5591417°
0328A_107.10.31

Shoal_2(17.3) N 24.1908664°, E 119.5614498°
0328A_107.10.31

Rep(1955)(12.8) N 24.0833333°, E 119.5833333°
0328A_107.10.31

7

( )

1 5

1

13 14 8 15~ 21



17

13

/

(m) ( )(m)

3

Wreck --
---

--- MB
---

Rep 1 --
---

--- MB
---

Shoal 1 --
---

--- MB
---

4

Rep 2 --
---

--- MB
---

Shoal 2 --
---

--- MB
---

Rep 3 --
---

--- MB
---

14

*

( ) /

4 New_Wreck 35*4*5.5
24.2341742°

24.229
MB/111.06.17

MB/111.07.10119.5674190°

8

Rep1

Shoal 1

Wreck

Rep2

Shoal 2Rep3New_Wreck



18

15 1 (1)

110 111 1

Wreck



19

N 24.2732722°  E 119.7166667°

WGS84

(m)



20

16 1 (2)

110 111 1

Rep1



21

N 24.2666667°  E 119.6443278°

WGS84

(m)



22

17 1 (3)

110 111 1

Shoal1



23

N 24.1829410°  E 119.6384849°

WGS84

(m)



24

18 1 (4)

110 111 1

Rep2



25

N 24.2298556°  E 119.5591417°

WGS84

(m)



26

19 1 (5)

110 111 1

Shoal2



27

N 24.1908664°  E 119.5614498°

WGS84

(m)



28

20 1 (6)

110 111 1

Rep3



29

N 24.0833333°  E 119.5833333°

WGS84

(m)



30

21 1 (1)

110 111 1



31

N 24.2341742°  E 119.5674190° WGS84

(m) 24.229

35*4*5.5



























 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 497 4  

https://www.nlsc.gov.tw 

04 22522966 

04 22592533 


