
 

-551- 

䫔 37 ⯮㴟㲳ⶍ䦳䞼妶㚫婾㔯普  ⚳䩳ᷕ冰⣏⬠  2015 ⸜ 11 㚰 
Proceedings of the 37th Ocean Engineering Conference in Taiwan 
National Chung Hsing University, November 2015 

αݞ GPS ੌ኱ᢀෳዊՏੁݢϐ௖૸ 
݅ᄽ⊭

1  ໳మণ
2  ഋဃᏢ

3 

1 ⚳䩳ㆸ≇⣏⬠役㴟㯜㔯ᷕ⽫妰䔓䴻䎮 
2 ⚳䩳ㆸ≇⣏⬠㯜⇑⍲㴟㲳ⶍ䦳⬠䲣㔁㌰/⚳䩳ㆸ≇⣏⬠役㴟㯜㔯ᷕ⽫ᷣả 

3 ⚳䩳ㆸ≇⣏⬠役㴟㯜㔯ᷕ⽫⑩ᾅⶍ䦳ⷓ 

ᄔा  
㱛⎋⛘⋨ᷳ⮎㷔㼖ỵ屯㕁⎗ἄ䁢㱛ⶅ㳒㯜㺼䬿ᷳ冐㴟怲䓴㡅ẞ炻䃞侴悐↮㱛⎋⛘⋨⚈䁢仢

᷷㥳忈䈑炻暋ẍ㝞姕ἄ㤕⊾㼖ỵ妰炻⛐忁ṃ㱛⎋暨天ᶵ⍿㥳忈䈑㡅ẞ旸⇞ᷳ㼖ỵ奨㷔䲣䴙炻㬌

䁢㛔䞼䨞ᷣ天䚖䘬ˤẍ⼨⬠侭䞼䨞≽ン(kinematic)GPS ⛐㴖㧁ᶲ⎗忼 cm 䳂⭂ỵ炻᷎傥慷㷔攟忙

㛇ˣ⮷≈忇⹎ᷳ㯜ỵ㲊≽炻㛔㔯䳸⎰≽ン GPS 冯屯㕁㴖㧁㈨埻ㆸ䁢㱛⎋ GPS 㴖㧁炻ẍ奨㷔㼖

ỵ炻⎴㗪䓙䚜㍍慷㷔䘬㯜ỵ⍇⥳㔠㒂Ṏ傥↮㜸㲊㴒炻᷎忚ᶨ㬍槿嫱ἄ㤕⊾㲊㴒₨(䧙ᷳ䁢

SHR(Strap-down attitude and Heading Reference system))奨㷔䳸㝄ˤ䴻⛐喯㽛⢾㴟㷔娎槿嫱炻嫱

⮎ GPS 㴖㧁⶚℟⁁⌛㗪奨㷔㼖ỵ冯㲊㴒傥≃炻㼖ỵ冯喯㽛㼖ỵ䪁ᷳ⛯㕡㟡婌ⶖ⮷㕤 5.2cmˤἄ

㤕⊾㲊㴒₨㇨奨㷔㲊㴒屯㕁䴻忶≽ン GPS ↮㜸㭼庫炻嫱⮎ᶨ䵕㲊嬄ˣ㕡⎹㲊嬄ˣ䣢⿏㲊檀ˣ⸛

⛯忙㛇ˣ⮾Ⲙ忙㛇冯ᷣ㲊⎹䘮㤝䁢ᶨ农ˤ 

斄挝娆烉VBS-RTKˣGPS 㴖㧁ˣ⌛㗪ˣ㼖ỵˣ㲊嬄 

Development of the GPS Buoy for Monitoring Tides and 
Waves at Estuaries 

Yen-Pin Lin*  Ching-Jer Huang  Sheng-Hsueh Chen 
* Project Manager, COMC(Coastal Ocean Monitoring Center), National Cheng Kung University 

ABSTRACT 

This research aims to develop a GPS buoy for monitoring tides and waves at the estuary and 
coastal areas. Because wave data can be derived from the raw data of GPS receiver and the 
operational wave sensor called SHR(Strap-down attitude and Heading Reference system), this 
research also intends to compare the wave data from both sensors. We demonstrate that the developed 
GPS buoy is able to measure both real-time tides and waves in the coastal area. The tide data obtained 
from the GPS buoy agree well with those recorded by the Suao tide station. The RMSE is 5.2cm. 
One-dimensional wave spectra, directional wave spectra, significant wave heights, zero-crossing 
periods, peak periods, and peak wave directions obtained from GPS agree very well with those 
obtained from SHR. 

Keywords: VBS-RTK; GPS buoy; Real-time; Tide; Wave spectrum

΋ǵق߻  
㱛⎋旬役ᷳ㼖ỵ炻䁢㱛ⶅ㳒㯜㺼䬿ᷳ慵天⍫侫

ὅ㒂炻䁢旚䀥㰢䫾ᶵ⎗ㆾ仢屯㕁ˤ⎎⢾炻㴟Ⱡ䘬㲊

㴒ˣ㼖ỵˣ㴟㳩䁢䞼䨞㺪㱁㇨暨䘬➢㛔屯㕁ˤ悐↮

㱛⎋⍲㴟Ⱡ仢᷷㖊㚱㥳忈䈑ἄ䁢㝞姕₨☐ᷳ➢䢶炻

ᶵ㖻忚埴奨㷔炻㕤㱛⎋⍲㴟Ⱡ⎴㗪奨㷔㼖ỵ冯㲊㴒

䘬奨㷔㈨埻㚱⼭䨩䟜ˤHarigae et al.(2005)⇑䓐Ỷㆸ

㛔ᷳ㰥干⮶凒䫱䳂 GPS ㍍㓞☐炻䞼䘤檀忂㾦㲊☐⍲

㲊㴒↮㜸㕡㱽炻ẍ奨㷔㲊檀ˣ忙㛇冯㲊⎹炻℞㲊檀
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㸾䡢⹎䁢℔↮䫱䳂炻㲊⎹㸾䡢⹎䁢 5degreesˤ℞䞼

䨞⮯Ỷ柣妲嘇㾦昌炻⚈㬌䃉㱽奨㷔㼖ỵˤDoong et 

al.(2011)⬱墅 GPS ㍍㓞☐㕤屯㕁㴖㧁ᶲ炻㒟⍾ GPS
㍍㓞☐㕤ᶱ庠⎹ᷳ忳≽忇⹎↮㜸㲊㴒炻᷎ẍ⁛䴙䘬

≈忇⹎妰ˣ⁦奺妰ˣ暣伭䴻妰䬿䘬䳸㝄槿嫱炻㲊檀

冯忙㛇ᷳ䚠斄Ὢ㔠忼 0.95ʕ ẍ GPS ㍍㓞☐ᷳ忳≽忇

⹎䁢ᶨ䧖怑䔞䘬㲊㴒奨㷔㚧ẋ㕡㟰炻Ữ℞ GPS 䲣䴙

⯂㛒℟⁁奨㷔㼖ỵ≇傥ˤJoodaki et al.(2013)ἧ䓐╖

ᶨ GPS ㍍㓞☐㕤㴖㧁ᶲ慷㷔㲊㴒炻娚䞼䨞Ṏ⯂㛒慷

㷔㼖ỵˤKato et al.(2010)ἧ䓐 RTK (Real Time 

Kinematic)GPS ㍍㓞☐奨㷔㴟◗炻䁢䌚⼿㴟◗屯㕁炻

℞ GPS 㴖㧁⮯⍇⥳㔠㒂忚埴Ỷ忂㾦㲊᷎㈋昌⣑㔯

㼖ˤ晐⼴两临䘤⯽ GPS 㴖㧁奨㷔㲊㴒炻Ữ㛒⎴㗪奨

㷔㼖ỵ炻℞ GPS 㴖㧁ⶫ姕䭬⚵䁢㯜㶙 100~300m炻

暊Ⱡ 10~20kmˤ䵄⎰ẍᶲ㔯䌣ᷳ䞼䨞ㆸ㝄⎗䞍㖊㚱

䞼䨞⯂㛒䘤⯽傥⎴㗪奨㷔㼖ỵ冯㲊㴒ᷳ GPS 㴖

㧁ˤ㚱揹㕤㬌炻㛔䞼䨞䚖䘬䁢䳸⎰ RTK GPS ㍍㓞

☐ˣ屯㕁㴖㧁㈨埻⍲嘃㒔➢㸾䪁⌛㗪≽ン⭂ỵ㈨埻

䫱炻䞼䘤 GPS 㼖ỵ㲊㴒㴖㧁ˤ 

ΒǵࣴزБݤ  

2.1 ջਔ୏ᄊۓՏೌמᆶᆒࡋ 
晐叿屯妲㈨埻忚㬍炻GPS ᷳㅱ䓐柀➇⶚䓙朄ン

㺼嬲䁢⌛㗪≽ン⭂ỵˤ⌛㗪≽ン⭂ỵ㗗䚖⇵㚨䁢⺋

㲃ἧ䓐䘬檀䱦⹎⭂ỵ㈨埻炻娚㈨埻ἧ䓐庱㲊䚠ỵ奨

㷔慷䫱㯪妋炻᷎德忶ⶖ↮㕡⺷㴰昌䦣≽䪁奨㷔慷⣏

悐↮䘬婌ⶖ炻ẍ⮎䎦℔↮䳂⭂ỵˤ 
㚵⊁䪗⇑䓐⣂ᾳ GPS ➢㸾䪁忋临㍍㓞堃㗇屯

㕁炻ἧ䓐䪗⁭枰德忶䵚晃䵚嶗忚埴 RTCM 䵚嶗⁛廠

⋼嬘 - NTRIP (Networked Transport of RTCM via 

Internet Protocol)⮯䦣≽䪁 GPS ⭂ỵㆸ㝄⁛忼㍏⇞

⍲忳䬿ᷕ⽫炻䴻㚵⊁䪗庇橼⎴㬍妋䬿䦣≽䪁㇨⛐ỵ

伖䘬嘃㒔➢㸾䪁奨㷔慷⼴炻⚆⁛军䦣≽䪁 GPS ㍍㓞

☐忚埴ˬ 崭䞕嶅暊➢䶂妋䬿 炻˭⌛㗪䌚⼿ VBS-RTK
⭂ỵ⹏㧁ㆸ㝄炻㬌㈨埻䧙䁢嘃㒔➢㸾䪁⌛㗪≽ン⭂

ỵ㈨埻炻䯉䧙䁢 VBS-RTK ⭂ỵˤ 
ὅ㒂ℏ㓧悐⚳⛇㷔丒ᷕ⽫㕤 1994 ⸜ 4 㚰军

1995 ⸜ 12 㚰忚埴朄ン VBS-RTK ⭂ỵℏ㍺㷔娎䳸

㝄炻⸛⛯⭂ỵ䱦⹎(ẍ RMS 堐䣢)↮⇍䁢⋿⊿⎹烉1.44 

cmˣ㜙大⎹烉1.48 cmˣ㨊䎫檀烉3.87 cmˤ 

2.2 ዊՏϩ݋Бݤ 
⍾⼿㭷⮷㗪 600 ᾳˣ⍾㧋柣䌯䁢 1Hz ᷳ檀⹎㔠

㒂⼴炻⃰ㅱ䓐妋䬿⑩岒㊯㧁㾦昌暄妲炻ℵẍ䬿埻⸛

⛯妰䬿娚⮷㗪㼖ỵˤ㛔䞼䨞⺽䓐⛯㕡㟡婌ⶖ(Root 

Mean Square Error, RMSE)↮㜸 GPS 㴖㧁⌛㗪奨㷔

㼖ỵ婌ⶖˤ 

2.3 ΋ᆢݢ᛼ϩ݋ 
SHR ᶨ䵕㲊嬄ὪἮ冒㕤ἄ㤕⊾屯㕁㴖㧁䘬䓊

↢䳸㝄炻㛔䞼䨞ᶵℵ㔀徘℞↮㜸忶䦳ˤGPS 㴖㧁ᶨ

䵕㲊嬄↮㜸忶䦳⎗⍫夳 Lin et al.(2014)ˤ 

2.4 Бӛݢ᛼ϩࢬ݋ำ 
SHR 㕡⎹㲊嬄ὪἮ冒㕤ἄ㤕⊾屯㕁㴖㧁䘬䓊

↢䳸㝄炻㛔䞼䨞Ṏᶵℵ婒㖶℞↮㜸忶䦳ˤGPS 㴖㧁

⽆≽ン GPS ㍍㓞☐㒟⍾檀⹎冯㜙大ˣ⋿⊿㕡⎹䘬忳

≽忇⹎炻⚈㬌㍉䓐 uvK 㕡㱽↮㜸㕡⎹㲊嬄ˤ䓙㕤≽

ン GPS ㍍㓞☐奨㷔╖ᶨ岒溆䘬忳≽慷炻ὅ㒂㕡⎹㲊

嬄⭂佑䯉⊾㕡⎹㲊嬄⤪⺷(1) ~ (2)炻 

³ ) S TTTT2
0

* ),(),(),()( dfSfIfIf nmmn  (1) 

TTT ED sincos)(),( fhfI mm   (2) 

℞ᷕ ED , 晐奨㷔慷侴嬲炻 k䁢㲊㔠(wave number)ˤ 
uvK ↮⇍ẋ堐✪䚜㕡⎹檀⹎冯㜙大ˣ⋿⊿㕡⎹

䘬忳≽忇⹎炻⇑䓐⺷(1)~(2)⎗⼿⺷(3)~(7)炻 

)(Ccos)(),( fdfhfS uu K
S
S TTT  ³�  (3) 

)(Csin)(),( fdfhfS vv K
S
S TTT  ³�  (4) 

)(Ccos)(),( 22 fdfhfS uuu  ³�
S
S TTT  (5) 

)(Ccossin)()(),( fdfhfhfS uvvu  ³�
S
S TTTT  (6) 

)(Csin)(),( 22 fdfhfS vvv  ³�
S
S TTT  (7) 

℞ᷕ )(C),(),( ffDfS KKTT  炻 ),( TfD 䁢㕡⎹↮ⶫ↥

㔠炻 )(C fmn 䁢䫔 m ⍲䫔 n ᾳ㲊㴒⿏岒ᷳṌ拗嬄ˤ 
⮯㕡⎹↮ⶫẍḴ昶‭䩳叱䳂㔠堐䣢炻⎗⼿‭䩳

叱Ὢ㔠冯㕡⎹↮ⶫ↥㔠斄Ὢ⺷炻ℵ⇑䓐忇⹎冯㯜ỵ

Ṍ拗嬄斄Ὢ⺷炻⎗⮯ᶨx Ḵ昶‭䩳叱Ὢ㔠ẍ⺷(8)~(11)
堐䣢炻 
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)()(
)(2)('

2 fCfC
fCfb
vvuu

uv
+

=  (11) 

Οǵ่݀ᆶ૸ፕ  

3.1 ዊՏ 
GPS 㴖㧁㕤 2013 ⸜ 8 㚰㕤喯㽛㷗⊿怲⢾㴟ⶫ

㓦炻冯㷗ℏ䘬喯㽛㼖ỵ䪁䚜䶂嶅暊䲬 4km炻ỵ伖⚾

⤪⚾ 1ʕ ⚾ 2 䁢 2013 ⸜ 8 㚰 29 军 31 㖍ᷳ㼖ỵ㭼庫

⚾炻㕤丒⚾⇵婧㔜 GPS 㴖㧁奨㷔屯㕁ᷳ➢㸾炻ἧ℞

冯喯㽛㼖ỵ屯㕁ᷳ➢㸾ᶨ农ˤ⚾ 2 ᷕ GPS 㴖㧁奨㷔

⌛㗪㼖ỵᷳ RMSE 䁢 5.2cm炻℞ᷕ⮷悐↮ GPS 㴖㧁

奨㷔㼖ỵ㚱怢㺷ᷳ⍇⚈䁢妋䬿ᶵㆸ≇ˤ⚾ 2 ᷕ䈡⇍

䘬㗗 8 㚰 30 㖍 14~22 㗪䘬㼖ỵ炻ℑ㼖ỵᷳⶖ䔘慷䲬

㚱 10cm炻庫ᷳ㨊䎫檀䱦⹎㇨忈ㆸ婌ⶖ㚜⣏炻栗䣢⯂

㚱℞Ṿ⚈䳈⼙枧炻⎗傥䘬⍇⚈昌 GPS 㴖㧁䁢⢾ⶖ妋

䬿ᷳ⢾炻⎎ᶨ⎗傥⍇⚈䁢㼖㯸㲊⍿⇘喯㽛㷗旬役⛘

⼊⼙枧炻忈ㆸ㷗ℏ⢾㼖ỵ冯㼖㗪ⶖ䔘炻ῤ⼿忚ᶨ㬍

㍊妶ˤ 

 

⚾ 1 GPS 㴖㧁冯㼖ỵ䪁ỵ伖 

 

⚾ 2 2013 ⸜ 8 㚰 29ȸ31 㖍 GPS 㴖㧁冯㼖ỵ䪁㼖ỵ

㭼庫(䲭刚㕡溆䁢 GPS炻湹刚⚻溆䁢喯㽛㼖ỵ

䪁炻䵈刚厙⼊溆䁢妋䬿ㆸ≇䌯) 

 ੁݢ 3.2
䓙㕤 GPS 㴖㧁䚜㍍奨㷔㲊㴒㯜ỵ㗪⸷↿炻㛔䭨

ẍ GPS 㴖㧁㲊㴒奨㷔䳸㝄炻槿嫱喯㽛屯㕁㴖㧁⛐䔞

㗪ἄ㤕⊾䓊↢䘬㲊㴒奨㷔䳸㝄ˤ槿嫱䘬枭䚖㚱ᶨ䵕

㲊嬄ˣ㕡⎹㲊嬄ˣ䣢⿏㲊檀ˣ⸛⛯忙㛇ˣ⮾Ⲙ忙㛇

冯ᷣ㲊⎹ˤἄ㤕⊾䓊↢䘬㲊㴒ᶵ⏓㲊㴒㯜ỵ㗪⸷

↿炻⚈㬌㛔䞼䨞㛒⮯℞䲵ℍ㭼庫ˤ 
⚾ 3 䁢 2013 ⸜ 8 㚰 21 㖍 09 㗪ᷳᶨ䵕㲊嬄炻㲊

嬄⼊䉨冯⮾Ⲙ忙㛇⛯ᶨ农炻Ữἄ㤕⊾㲊㴒₨ᷳ⮾Ⲙ

傥慷⭮⹎庫 GPS ⣏炻㬌䁢㲊嬄⸛㹹ἄ㱽ⶖ䔘㇨忈

ㆸˤ 

Frequency (Hz)

PS
D

 (m
^2

/H
z)

0.40430.30270.20120.09960.0000

12

10

8

6

4

2

0

SHR (13082109)
GPS (13082109)

Variable

 

⚾ 3 2013 ⸜ 8 㚰 21 㖍 09:00 ᶨ䵕㲊嬄(䲭刚㕡溆䁢

GPS炻湹刚⚻溆䁢 SHR) 

⚾ 4,5 ↮⇍䁢 2013 ⸜ 8 㚰 21 㖍 09 㗪ἄ㤕⊾㲊

㴒₨䓊↢䘬㕡⎹㲊嬄冯ẍ GPS ↮㜸ᷳ㕡⎹㲊嬄炻ℑ

⚾⮾Ⲙ傥慷⭮⹎⮵ㅱᷳ柣䌯䚠䫱炻ᶼ㲊⎹ᶨ农炻Ữ

ἄ㤕⊾㲊㴒₨䓊↢㕡⎹㲊嬄䘬傥慷↮ⶫ䭬⚵庫 GPS
↮㜸㕡⎹㲊嬄ᷳ傥慷↮ⶫ䭬⚵⮔炻℞⍇⚈䁢⇵侭㍉

䓐≈㪲㕡⎹↮ⶫ↥㔠炻ἧ⼿傥慷↮ⶫ䭬⚵庫㛒≈㪲

㗪嬲⮔炻ᶼ⮾Ⲙ傥慷⭮⹎Ṏ庫㛒≈㪲㗪嬲⮷ˤẍἄ

㤕⊾㲊㴒₨⍇⥳㔠㒂慵㕘↮㜸㕡⎹㲊嬄炻᷎㍉䓐㛒

≈㪲ᷳ㕡⎹↮ⶫ↥㔠炻䳸㝄⤪⚾ 6炻⎗䘤䎦℞傥慷

↮ⶫ䭬⚵冯⮾Ⲙ傥慷⭮⹎⛯嬲⼿冯 GPS ᷳ㔠ῤᶨ

农ˤ 
⚾ 7~9 ↮⇍䁢䣢⿏㲊檀ˣ⸛⛯忙㛇冯ᷣ㲊⎹ᷳ

㔋ⶫ⚾⍲徜㬠䶂炻⚾ 10 ⶎᶲˣ⎛ᶲˣ⎛ᶳ↮⇍䁢℞

徜㬠↮㜸㭀ⶖ䳬橼⚾炻⺷(12)~(14)↮⇍䁢℞徜㬠䶂

℔⺷ˤὅ㒂⚾ 10炻⎗䞍䣢⿏㲊檀ˣ⸛⛯忙㛇冯ᷣ㲊

⎹㭀ⶖᷳ㨇䌯↮ⶫ冯ⷠン↮ⶫ䘮役Ụ炻婒㖶⺷

(12)~(14)ㆸ䩳ˤẍ 10=SHRHs  m ẋℍ⺷(12)炻⎗⼿

ἄ㤕⊾㲊㴒₨䓊↢䘬䣢⿏㲊檀冯ẍ GPS ↮㜸ᷳ䣢

⿏㲊檀婌ⶖ䁢 2.8%ˤὅ㒂⺷(13)⎗䞍ℑ⸛⛯忙㛇䚠

䫱ˤẍ 360WVD =SHR degrees ẋℍ⺷(14)炻⎗⼿ἄ

㤕⊾㲊㴒₨䓊↢䘬ᷣ㲊⎹冯ẍ GPS ↮㜸ᷳᷣ㲊⎹

婌ⶖ䁢 0.7 %ˤ 
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)(4969.0 cmHsHs SHRGPS +=  (12) 

SHRGPS Tzz =T  (13) 

SHRGPS WVDWVD 993.0=  (14) 

 

 

⚾ 4 2013⸜ 8㚰 21 㖍 09:00ἄ㤕⊾㲊㴒₨䓊↢䘬㕡

⎹㲊嬄 

 

⚾ 5 2013 ⸜ 8 㚰 21 㖍 09:00 ẍ GPS ↮㜸ᷳ㕡⎹㲊

嬄 

 

⚾ 6 2013⸜ 8㚰 21 㖍 09:00ẍἄ㤕⊾㲊㴒₨↮㜸ᷳ

㕡⎹㲊嬄 

Hs of SHR (cm)

H
s o

f G
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 (c
m

)

25020015010050
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⚾ 7 䣢⿏㲊檀㔋ⶫ⚾⍲徜㬠䶂 

Tz of SHR (sec)

T
z 

of
 G

PS
 (s

ec
)

8.07.57.06.56.05.55.0

8.0

7.5

7.0

6.5

6.0

5.5

5.0

 

⚾ 8 ⸛⛯忙㛇㔋ⶫ⚾⍲徜㬠䶂 

Peak wave direction of SHR (degrees)
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 w
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e 
di

re
ct
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 (d

eg
re

es
)

1501251007550
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⚾ 9 ᷣ㲊⎹㔋ⶫ⚾⍲徜㬠䶂 

 

 



 

-555- 

⚾ 10 䣢⿏㲊檀ˣ⸛⛯忙㛇ˣ⮾Ⲙ忙㛇冯ᷣ㲊⎹ᷳ

徜㬠↮㜸㭀ⶖ䳬橼⚾ 

⚾ 11 䁢⮾Ⲙ忙㛇㔋ⶫ⚾⍲徜㬠䶂炻⚾ 10 ⶎᶳ

䁢℞徜㬠↮㜸㭀ⶖ䳬橼⚾ʕ ⚾ 11 ᷕ㚱ℑ溆ῷ暊徜㬠

䶂庫⣏炻㬌ℑ溆ᷳᶨ䵕㲊嬄↮⇍⤪⚾ 12 ~ 13ˤ奨⮇

㬌Ḵ⚾⎗䘤䎦䔞ᶨ䵕㲊嬄䁢暁Ⲙ㲊嬄炻ᶼℑᾳ⮾Ⲙ

傥慷⭮⹎䚠䔞ᷳね⼊ᶳ炻ẍ GPS ↮㜸ᶨ䵕㲊嬄ᷳ檀

柣⮾Ⲙ傥慷⭮⹎庫Ỷ柣侭䦵⣏炻ἧ⼿ẍ GPS ↮㜸ᷳ

⮾Ⲙ忙㛇庫⮷炻⍵ᷳ炻ἄ㤕⊾㲊㴒₨䓊↢䘬Ỷ柣⮾

Ⲙ傥慷⭮⹎庫檀柣侭䦵⣏炻ἧ⼿ἄ㤕⊾㲊㴒₨䓊↢

䘬⮾Ⲙ忙㛇庫⣏ˤ 

Tp of SHR (sec)

Tp
 o

f G
PS

 (s
ec

)

1211109876

12

11

10

9

8

7

6
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Frequency (Hz)

PS
D

 (m
^2

/H
z)

0.40430.30270.20120.09960.0000

0.5

0.4

0.3

0.2

0.1

0.0

SHR (13083107)
GPS (13083107)

Variable

 

⚾ 12 2013 ⸜ 8 㚰 31 㖍 07:00 ᶨ䵕㲊嬄(䲭刚㕡溆䁢

GPS炻湹刚⚻溆䁢 SHR) 

Frequency (Hz)

PS
D

 (m
^2

/H
z)

0.40430.30270.20120.09960.0000

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

SHR (13083109)
GPS (13083109)

Variable

 

⚾ 13 2013 ⸜ 8 㚰 31 㖍 09:00 ᶨ䵕㲊嬄(䲭刚㕡溆䁢

GPS炻湹刚⚻溆䁢 SHR) 

⮯⚾ 11 ᷕῷ暊徜㬠䶂㚨⣏ᷳℑ溆㌐㡬⼴炻⮾Ⲙ

忙㛇ᷳ㔋ⶫ⚾⍲徜㬠䶂⤪⚾ 14 ⶎ炻⚾ 14 ⎛䁢℞徜

㬠↮㜸㭀ⶖ䳬橼⚾炻⺷(15)䁢℞徜㬠䶂℔⺷ˤ⚾ 14
⎛庫⚾ 10 ⶎᶳ㚜㍍役ⷠン↮ⶫ炻嵛ẍ㓗㊩⺷(15)傥

⣈ㆸ䩳ˤẍ 15=SHRTp sec ẋℍ⺷(15)炻⎗⼿ἄ㤕⊾

㲊㴒₨䓊↢䘬⮾Ⲙ忙㛇冯ẍ GPS ↮㜸ᷳ⮾Ⲙ忙㛇

婌ⶖ䁢 0.3%ˤ 
)(sec1.099.0 += SHRGPS TpTp  (15) 

Tp of SHR (sec)

Tp
 o

f G
PS

 (s
ec

)

1211109876

12

11

10

9
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7

6

 

 

⚾ 14 ⮾Ⲙ忙㛇㔋ⶫ⚾⍲徜㬠↮㜸㭀ⶖ䳬橼⚾ 
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Ѥǵ่ፕ  
㛔䞼䨞攳䘤ᷳ㱛⎋ GPS 㴖㧁℟⁁⌛㗪㼖ỵ冯

㲊㴒奨㷔傥≃炻㼖ỵ冯喯㽛㼖ỵ䪁ᷳ⛯㕡㟡婌ⶖ⮷

㕤 5.2cmˤẍ GPS 䚜㍍奨㷔㲊㴒㯜ỵ⍇⥳㔠㒂㇨䌚

⼿䘬㲊㴒屯㕁槿嫱ἄ㤕⊾㲊㴒₨㕤奨㷔䔞㗪㇨䓊↢

ᷳ㲊㴒屯㕁炻嫱⮎ℑ⮾Ⲙ忙㛇ⶖ䔘庫⣏ᷳ⍇⚈䁢ᶨ

䵕㲊嬄䁢暁Ⲙ㲊嬄ᶼℑ⮾Ⲙ傥慷⭮⹎䚠䔞炻㌐㡬ⶖ

䔘㚨⣏䘬ℑ溆㔠㒂⼴炻嫱⮎ᶨ䵕㲊嬄ˣ㕡⎹㲊嬄ˣ

䣢⿏㲊檀ˣ⸛⛯忙㛇ˣ⮾Ⲙ忙㛇冯ᷣ㲊⎹䘮ᶨ农ˤ

ὅ徜㬠䶂℔⺷↮⇍Ộ妰䣢⿏㲊檀䁢 10mˣ⮾Ⲙ忙㛇

䁢 15secˣᷣ㲊⎹䁢 360degrees ね㱩ᶳἄ㤕⊾㲊㴒

₨奨㷔㲊㴒婌ⶖ炻⎗䞍婌ⶖ䘮⮷㕤 3%ˤ 

ᖴᇞ  
㛔婾㔯ἧ䓐䘬喯㽛屯㕁㴖㧁冯喯㽛㼖ỵ䪁屯㕁

↮Ⱄ䴻㾇悐㯜⇑会冯Ṍ忂悐ᷕ⣖㯋尉⯨炻䈡㬌农嫅ʕ  
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