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Abstract 

The seawalls along banks of the Qiantang Estuary (QE) and Hangzhou Bay (HB) are the oldest coastal 

defense artificially constructed to protect areas of human habitation and conservation from coastal erosion and 

other damage due to wave action and storm surge in China. Built upon soft soil foundation, they have turned 

exposed to the danger of subsidence after years of operation. Therefore, it is important to develop a deformation 

monitoring technique oriented to seawalls. Conventional leveling and GPS are main techniques for seawalls’ 

deformation measurement and have low data density with high cost and expensiave labor. In contrast, 

Interferometric Synthetic Aperture Radar (InSAR) can provide measurement of ground surface displacement 

with high spatial resolution and acceptable accuracy in a wide coverage at an extremely low cost. However, 

time series analysis of the deformation of linear infrastructure has not been intensively studied and fewer on 

seawalls.  

We have developed a new method of InSAR for the deformation measurement of seawalls, according to 

their linear distribution and scatterering characteristics. First, a new method by combining both minimum 

spanning tree and coherence threshold was proposed to select the optimum network of interferograms based on 

the improved correlation estimation model of SAR image pais. Compared with conventinal methods, ours 

show a more robust connectivity with higher coherent interferograms. Then an adaptive spatial filtering 

algorithm was designed based on distributed scatterers, which are identified by Goodness-of-Fit test. We tested 

it with multi-temporal PALSAR data over Yellow River Delta and observed significant improvement in 

interferometric phase and coherence. Finally, the coherent targets identified by Permaneng Scatterers and 

Small Baseline approaches were processed jointly and unwrapped to retrive the deformation. 

We processed multi-temporal Envisat ASAR data over Hangzhou with the technique depicted above and 

cross-analyzed it with leveling data. An linear tendency of deformation with local fluctuation was observed 

during the time series deformation. 

 

Key words: Qiantang River, Seawall, Subsidence, InSAR, Distributed Scatterers (Rosen et al.), adaptive filtering, 

network of interferograms, residual local slope, Goodness-of-fit, PALSAR, ASAR 
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1.1 䘹仈㛼Ჟ 

A. ⎧ຈᖒਈⴁ⍻Ⲵ᜿ѹ 

䲿⵰ى≄⨳ޘਈॆྲ⎧ᒣ䶒кॷˈᶱㄟཙ≄仁ਁ઼Ӫ㊫⍫ࣘ䙐ᡀⲴൠ䶒⊹䱽Ⲵᖡ૽ˈ⎧⌻⚮ᇣᰕ

⳺仁㑱Ǆަѝˈ仾᳤▞ᱟሩᡁഭᖡ૽ᴰབྷǃਁ⭏仁⅑ᴰ儈ǃ䙐ᡀⲴ㓿⍾ᦏཡᴰѪѕ䟽Ⲵ⎧⌻⚮ᇣǄ

2001~2007 ᒤˈᡁഭᒣ൷⇿ᒤഐ仾᳤▞⚮ᇣ䙐ᡀⲴᦏཡ㓖Ѫ 161 ӯݳǄ֌Ѫ仾᳤▞⚮ᇣ䱢ᗑⲴѫ㾱᡻

⇥ѻаˈ⎧የ䱢ᣔᐕ〻㓧㓧㓣ޕц⭼਴ഭⲴ䱢⍚˄▞˅⹄ウ䇑ࡂǄ䘁 30 ᒤᶕˈ㖾ഭǃ㦧ޠǃ㤡ഭǃ⌅

ഭǃᗧഭㅹ⴨㔗ࠪਠҶཊ䜘⎧የ䱢ᣔᐕ〻Ⲵᢰᵟሬ઼ࡉᤷই(≤࡙䜘, 2009)Ǆᡁഭഭ࣑䲒ҏᐢ㓿ሶਠ仾ǃ

᳤䴘ǃ⍚≤ㅹ⚮ᇣⴁ⍻ǃ亴䆖઼ᓄᙕ༴㖞ޣ䭞ᢰᵟ⹄ウޕࡇǉഭᇦѝ䮯ᵏ、ᆖ઼ᢰᵟਁኅ㿴ࡂ㓢㾱

˄2006̚2020 ᒤ Ǌ˅Āޡޜᆹޘā亶ฏѝĀ䟽བྷ㠚❦⚮ᇣⴁ⍻о䱢ᗑāՈݸѫ仈(ഭ࣑䲒, 2006)Ǆ⎧ຈⲴ

ᆹޘ䘀㹼ˈޣ㌫⵰⋯⎧ൠ४Ӫ≁Ⲵ⭏ભ䍒ӗᆹ઼ޘ⽮ՊⲴ㓿⍾っᇊǄ 

ⴞࡽˈഭ޵Ⲵ⎧ຈѫ㾱࠶ᐳ൘⊏㣿ǃ⎉⊏ǃ⾿ᔪⴱԕ৺к⎧ᐲㅹǄ൘ᡁഭьই⋯⎧ਠ仾ཊਁ४ฏˈ

⎧ຈ⊹䱽ॱ࠶ѕ䟽Ǆԕ⎉⊏Ѫֻˈ⧠ᴹ⎧ຈ 2132 ᐳ൘䮯䗮࠶ˈ䟼ޜ 6633 䟼Ⲵ⎧የ㓯кˈަѝޜ 89%

Ⲵབྷ䱶⎧የ㓯ㆁᴹ⎧ຈ˗⭡Ҿབྷཊᮠḷ߶⎧ຈᔪ൘䖟൏ൠสкˈфᔪᡀ䘀㹼ᐢᴹ 10 ᶕᒤˈഐຈ䓛઼ຈ

䰨⊹䱽ਈᖒᕅ䎧Ⲵᆹޘ䳀ᛓ䙀⑀ᱮ⧠˗ᦞᲞḕ᷀࠶ˈ䈕ⴱ⋯⎧ᴹ 500 ཊޜ䟼Ⲵḷ߶⎧ຈᐢ㓿ਁ⭏⊹䱽ˈ

ަѝ 50ˁⲴ⎧ຈ⊹䱽䟿൘ 30 ৈ㊣ԕк˗ਠᐎǃ⑙ᐎ䜘࠶⎧ຈ⊹䱽⭊㠣䗮 80-100 ৈ㊣(ዣᗧӞ, 2009)ˈ

䘉֯ᗇ৏ḷ߶⎧ຈⲴ䱢ᗑ㜭࣋བྷབྷࡺᕡˈѕ䟽ᖡ૽⎧ຈⲴᆹޘ䘀㹼઼䱢ਠ࣏⚮߿᭸ǄӾ 2008 ᒤަˈ⎉

⊏ⴱᔰ࿻੟ࣘĀᕪຈāᐕ〻ˈ䘋㹼བྷ㤳തⲴ≤ᓃ䲔䲙࣐പǃ⎧ຈ䝽࣐྇പǃ⊏๔࣐പㅹ(⎉⊏ⴱ䍒᭯঵ǃ

≤࡙঵, 2010)Ǆሩ⎧ຈ⊹䱽⧠䊑䘋㹼䮯ᵏᴹ᭸Ⲵⴁ⍻ˈ৺ᰦᦼᨑ⎧ຈ⊹䱽Ⲵѕ䟽〻ᓖˈ␡ޕ⹄ウ⎧ຈ

⊹䱽Ⲵਈॆ㿴ᖻˈᰒਟԕѪ≤࡙䜘䰘䱢ᗑਠ仾▞≤ᨀ׋ᴹ᭸৲㘳ˈҏਟԕѪ⎧ຈⲴ৺ᰦ㔤ᣔ઼࣐പᨀ

 ᦞˈާᴹ䶎ᑨ䟽㾱Ⲵ᜿ѹǄ׍׋

B. ⎧ຈᖒਈⴁ⍻ᯩ⌅ 

⎧๔൘൏փ㠚䟽ǃ≤঻࣋ǃൠ䴷࣋ㅹ֌⭘лˈਟ㜭Պਁ⭏ተ䜘ᡆᮤփ⹤ൿˈ֯ަᥑ≤࣏㜭ࡺᕡ⭊

㠣їཡǄ⎧๔аᰖਁ⭏⹤ൿˈнӵ⎧๔ᐕ〻ᵜ䓛ᦏཡѕ䟽ˈᖰᖰ䘈Պ㔉๔ਾӪ≁Ⲵ⭏ભ䍒ӗ䙐ᡀᐘབྷ

ᦏཡǄᡁഭⲴьই⋯⎧⎧ຈާᴹ䐍⿫䮯ǃ⎧๔䖟ส༴⨶䳮ᓖབྷǃ㔃ᶴරᔿཊṧǃປㆁᶀᯉ༽ᵲㅹ⢩⛩
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(≤࡙䜘, 2009)ǄՐ㔏Ⲵ⎧ຈᖒਈ⍻䟿ᯩ⌅ਇࡦҾᚦ࣓≄ىˈ䳮ԕ䘲ᓄ⎧ຈཆ䜘ᖡ૽઼޵䜘૽ᓄᘛ䙏ਈ

ॆˈн㜭৺ᰦਟ䶐䇴ԧ⎧ຈᆹޘ⣦ߥǄഐ↔䘛࠷䴰㾱ᔰኅ⎧ຈᐕ〻ᇎᰦᆹޘⲴⴁ⍻ᢰᵟ⹄ウˈ؍䇱⎧

ຈⲴᆹޘ䰞仈Āᰙਁ⧠ǃᰙ༴㖞ā̍ ԕᶴㆁа䚃ᢰᵟݸ䘋ǃっപⲴ⎧ຈᆹޘቿ䳌Ǆ 

ⴞࡽഭ޵ሩҾ⎧ຈ⊹䱽Ⲵⴁ⍻ѫ㾱ᱟ䪸ሩ⭡Ҿᐕ〻ᯭᐕ䗷〻䙐ᡀⲴઘ䗩⎧ຈⲴਈᖒˈԕ৺ᯠᔪ⎧

ຈⲴᯭᐕ䗷〻৺ᆼᐕਾⲴ⊹䱽ⴁ⍻ˈሩҾ⎧ຈⲴ㠚❦⊹䱽ࡉ⹄ウ䖳ቁǄ䟷⭘Ⲵ⹄ウᯩ⌅ҏѫ㾱ᱟՐ㔏

Ⲵ≤߶⍻䟿઼ GPS ㅹ᡻⇥ᇎൠ㿲⍻ˈᡆ㘵䙊䗷ᮠ٬⁑ᤏ઼ᴹ䲀ᯩݳ⌅ㅹ㧧ᗇ⁑ᤏ㔃᷌ˈᙫ㔃ࠪ⎧ຈ䲿

ᰦ䰤Ⲵ⊹䱽㿴ᖻ(仌ᆖߋ and ᆉ᰼৻, 2008)Ǆն䘉Ӌᯩ⌅ᆈ൘Ⲵѫ㾱䰞仈ᱟӵ䪸ሩ⿫ᮓ⛩䘋㹼༴⨶ˈྲ

᷌㾱ሩབྷ㤳ത⎧ຈ⊹䱽ਈᖒᛵߥ䘋㹼ޘ䶒ᦼᨑ઼᷀࠶༴⨶ˈᗵ享ᐳ䇮བྷ䟿Ⲵⴁ⍻⛩ˈᡰ㙇䍩ⲴӪ࣋⢙

 ᆈǄ؍ሶ䶎ᑨᐘབྷˈᒦф⍻⛩䳮ԕ䮯ᰦ䰤࣋

C. ൠ䶒⊹䱽ⴁ⍻ᯩ⌅ 

ⴞࡽⲴൠ䶒⊹䱽ⴁ⍻ᯩ⌅ѫ㾱ᴹ˖≤߶⍻䟿ǃй䀂儈〻⍻䟿ǃᮠᆇᩴᖡ⍻䟿ǃGPSǃInSARǃ

GPS ઼ InSAR Ⲵ㶽ਸ(ዣᔪᒣ and ᯩ䵢, 2012)Ǆ≤߶⍻䟿઼й䀂儈〻⍻䟿ᱟՐ㔏Ⲵ⊹䱽ⴁ⍻ᢰᵟˈާᴹ

⍻䟿㋮ᓖ儈ǃᡀ᷌ਟ䶐ǃ᫽֌ㆰׯǃ䇮༷ׯᇌㅹ⢩⛩ˈն䈕⍻䟿ᯩ⌅֌ъ᭸⦷վǃࣣࣘᕪᓖབྷǃ䳮ԕ

ᇎ⧠㠚ࣘॆ㿲⍻ǃਇ䱽䴘ㅹཙ≄ⲴᖡۿǄਖཆˈ⭡Ҿᐳ䇮Ⲵ⊹䱽⛩ᮠ䟿ᴹ䲀ˈਚ㜭Ӿᆿ㿲кᦼᨑ⎧ຈ

⊹䱽Ⲵ⢩ᖱˈ㘼⊹䱽Ⲵᮤփ࠶ᐳ䳮ԕ㋮⺞ᗇࡠǄGPS ᖒਈⴁ⍻ᢰᵟާᴹޘཙىǃ㠚ࣘॆ㿲⍻ㅹՈ⛩ˈ

㘼фަ⍻䟿㋮ᓖ儈ˈ㔃᷌っᇊਟ䶐Ǆն⭡Ҿ GPS 䇮༷∄䖳ᰲ䍥ˈа㡜䳮ԕ䘋㹼བྷ㿴⁑Ⲵᐳ㖁ⴁ⍻Ǆᒦ

ф GPS ൘儈〻⍻䟿кⲴ㋮ᓖվҾަᒣ䶒⍻䟿Ⲵ㋮ᓖˈ൘аᇊ〻ᓖкᖡ૽Ҷަ൘⎧ຈ⊹䱽ⴁ⍻кⲴ᧘ᒯ

о֯⭘Ǆ 

ਸᡀᆄᖴ䴧䗮ᒢ⎹⍻䟿˄Interferometric Synthetic Aperture Radar, InSAR˅ᢰᵟˈᱟਸᡀᆄᖴ䴧䗮

ᢰᵟ઼ᒢ⎹⍻䟿ᢰᵟⲴ㶽ਸˈ࡙⭘єᑵ SAR ᖡۿѝⲴ⴨սؑ᚟ˈ㧧ਆབྷ㤳തǃ儈㋮ᓖⲴൠ㺘й㔤઼ᖒ

ਈؑ᚟Ǆަޘཙᰦǃޘཙىǃᒯ㾶ⴆǃ儈࠶䗘⦷઼䙏ᓖᘛㅹՈ⛩ԕ৺∛㊣㓗Ⲵᖒਈⴁ⍻㜭࣋ˈ⢩࡛䘲

⭘Ҿ⎧ຈⲴ⊹䱽ⴁ⍻Ǆ 
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1.2 ഭ޵ཆ⹄ウ⧠⣦ 

A. ਸᡀᆄᖴ䴧䗮ᒢ⎹⍻䟿ᾲ䘠 

ਸᡀᆄᖴ䴧䗮ᒢ⎹⍻䟿ᢰᵟਁኅҾ 20 ц㓚 60 ᒤԓᵛˈᆳ࡙⭘єᑵਸᡀᆄᖴ䴧䗮മۿѝⲴ⴨սؑ

᚟㧧ਆབྷ㤳തǃ儈㋮ᓖⲴൠ㺘й㔤ؑ᚟઼ਈॆؑ᚟Ǆަѝ㧧ਆൠ㺘ᖒਈⲴ InSAR ᢰᵟ৸㻛〠Ѫ

DInSARǄ㓿䗷ഋॱཊᒤⲴਁኅˈInSAR ᤕᴹҶཊ⌒⇥˄X/C/L ǃ˅ཊᶱॆ˄HH/HV/VH/VV ǃ˅ཊ࠶䗘

⦷˄30m/3m/1m˅ⲴѠᇼᮠᦞⓀˈᒦ൘ DEM 㧧ਆǃൠമ⍻㔈ǃൠ⨳ࣘ࣋ᆖ઼⎧⌻ѝᗇࡠҶᒯ⌋ᓄ⭘Ǆ 

նᱟ൘䮯ᰦ䰤ᒿࡇⲴ㕃ធൠ㺘ᖒਈⴁ⍻ᯩ⌅ˈՐ㔏Ⲵ InSAR ᢰᵟᆈ൘йњ䳮ԕݻᴽⲴተ䲀˖⭡Ҿ

н਼ൠ⢙䲿ᰦ䰤ਈॆӗ⭏Ⲵᰦ䰤৫⴨ᒢǃ⭡Ҿছᱏཊ⅑㿲⍻Ⲵࠐօਈॆቔަᱟオ䰤ส㓯Ⲵਈॆӗ⭏Ⲵ

オ䰤৫⴨ᒢԕ৺⭡Ҿབྷ≄ᵜ䓛Ⲵ䶎൷䍘ᙗ઼䲿ᰦ䰤ࢗ⛸Ⲵਈॆᙗሬ㠤Ⲵབྷ≄ᔦ䘏⴨սⲴᖡ૽(Gatelli et 

al., 1994; Hanssen, 1998; Lee and Liu, 2001; Zebker et al., 1997)Ǆ䲔↔ѻཆˈInSAR ༴⨶䘈ਇ㌫㔏✝ಚ༠

ㅹഐ㍐Ⲵᖡ૽ˈഐ↔ަ㠚䓛Ⲵተ䲀ᙗҏབྷབྷ䱫⺽Ҷަབྷ㿴⁑Ⲵᓄ⭘Ǆ 

B. ᰦ䰤ᒿࡇ InSAR ᢰᵟⲴ⹄ウ⧠⣦ 

㠚 1999 ᒤ᜿བྷ࡙㊣ޠ⨶ᐕབྷᆖⲴ Ferretti ᨀࠪ≨ѵᮓሴփᢰᵟԕᶕˈᰦ䰤ᒿࡇ InSAR (Multi-

Temporal InSAR, MTInSAR) ᗇࡠҶᘛ䙏ਁኅˈᴰާԓ㺘ᙗⲴᯩ⌅ѫ㾱ᴹ PSIǃSBASǃStaMPSǃSTUNǃ

SqueeSARǃQPS ㅹǄ䮯ᰦ䰤ᒿࡇ InSAR оՐ㔏Ⲵ InSAR ᱮ㪇н਼Ⲵᱟˈᆳ࡙⭘൘䮯ᰦ䰤㤳ത޵⴨ս

઼ᑵᓖਈॆっᇊⲴ⛩Ⲵ⴨ս⢩ᖱˈᇎ⧠བྷ≄᭸ᓄⲴ⎸䲔ˈ㧧ᗇ儈㋮ᓖⲴൠ㺘ᖒਈؑ᚟ˈӾ㘼ᇎ⧠䮯ᰦ

䰤ቪᓖкⲴൠ㺘ᖒਈ᷀࠶Ǆަ⢩⛩ྲл(Ferretti et al., 2001)˖ 

(1) ൘ᰦ䰤ǃオ䰤ส㓯к䎵䎺Ր㔏ᯩ⌅Ⲵ䲀ࡦˈ㜭ᴰབྷ䲀ᓖൠ࡙⭘ SAR ᮠᦞ˗ 

(2) สҾ⴨ᒢⴞḷ⛩Ⲵ⴨ս䀓㕐઼ᖒਈ৽╄ˈᨀ儈Ҷ⴨ս᷀࠶Ⲵ߶⺞ᓖˈ䱽վҶབྷ≄ᔦ䘏⴨սሩ

䀓㕐䈟ᐞⲴᖡ૽˗ 

(3) 䱽վҶሩҾࡍ࿻ DEM ㋮ᓖⲴ㾱≲ˈަ䘀㇇䗷〻ѝˈՊ⭏ᡀ儈㋮ᓖⲴ DEM˗ 

(4) ⍻䟿⛩ᇶᓖ䘌䘌བྷҾަԆ⍻㔈ᯩ⌅˄ྲ GPSǃ≤߶⍻䟿˅Ⲵᮠᦞ⛩ᇶᓖǄ 

(5) ⴨䖳Ҿᐳ䇮 GPS 㿲⍻ㄉ઼≤߶⍻䟿⛩ˈ䈕ᢰᵟ䴰㾱ⲴӪ઼࣋䍩⭘ሿǄ 

≨ѵᮓሴփᢰᵟ˄Persistent Scatterer Interferometry, PSI˅⭡Ҿ Ferretti ㅹӪҾ 1999 ᒤᨀࠪ(Ferretti 

et al., 1999)Ǆަԕঅаᖡۿ֌Ѫѫᖡۿˈ⭏ᡀᒿࡇᐞ࠶ᒢ⎹മˈṩᦞᥟᑵ⿫ᮓᤷᮠӾа㓴ᰦ䰤ᒿࡇ

SAR മۿѝ䘹ਆ൘㿲⍻ᰦ䰤޵⴨ս؍ᤱっᇊⲴ⛩֌Ѫ≨ѵᮓሴփ˄Permanent Scatterers˅̍ ণ PS ⛩ˈ
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ᒦӾ PS ⛩䫏㧧ਆਟ䶐Ⲵ⴨սؑ᚟ˈ࡙⭘ᖒਈ⁑ර৽╄ൠ㺘Ⲵ㓯ᙗ䙏⦷ǃᖒਈᰦ䰤ᒿ઼ࡇ儈〻↻։䈟ᐞ

ㅹؑ᚟Ǆ䘉Ӌ PS ⛩ਇオ䰤ǃᰦ䰤৫⴨ᒢ઼བྷ≄ᔦ䘏Ⲵᖡ૽ሿˈᖰᖰሿҾ࠶䗘অսˈѫ㾱ሩᓄҾҼ䶒䀂

ᮓሴփ઼অ⅑ᕪᮓሴփˈྲӪᐕᔪㆁǃ㼨䵢ዙ⸣ㅹ(Ferretti et al., 2011)ǄѪ؍䇱ᥟᑵ⿫ᮓᤷᮠⲴਟ䶐ᙗˈ

䈕ᯩ⌅䴰㾱䖳ཊⲴ SARˈа㡜нቁҾ 30 ᑵǄ 

ᯟඖ⾿བྷᆖ H. Zebker ઼ A. Hooper ㅹӪҾ 2006 ᒤਁᐳⲴ PSI ㇇⌅˄Stanford Method for Persistent 

Scatterer, StaMPS˅ԕ⴨սっᇊᙗ֌Ѫ䘹ᤙᤷḷˈ䙊䗷ሩᒿࡇ SAR ᒢ⎹⴨սⲴっᇊᙗ᷀࠶ˈ᢮ࡠಚ༠

≤ᒣᴰሿⲴ⛩֌Ѫ⴨ᒢⴞḷ⛩ˈ⭘Ҿਾ㔝䗃ࠪǄ䈕ᯩ⌅ᰐ䴰һݸ㔉ࠪᖒਈ⁑රˈ㘼ᱟ࡙⭘й㔤ᰦオ䀓

㕐ᢰᵟ㧧ਆⴞḷⲴᰦᒿᖒਈؑ᚟(Hooper, 2006, 2008; Hooper et al., 2004)Ǆ䪸ሩ StaMPS ᯩ⌅ˈHooper

ᔰਁҶᔰⓀⲴสҾ DorisǃSNAPHU ઼ Matlab Ⲵ਼਽ᮠᦞ༴⨶䖟Ԧˈ䈕䖟Ԧⴞࡽ൘䮯ᰦ䰤ᒿࡇ InSAR

༴⨶ѝᗇࡠᒯ⌋֯⭘Ǆ 

ᗧഭᆷ㡚ተ˄DLR˅Ⲵ B. M. Kampes ㅹӪᨀਆⲴᰦオ䀓㕐㖁㔌㇇⌅˄Spatio-Temporal Unwrapping 

Network, STUN˅ᱟ൘≨ѵᮓሴփᢰᵟⲴส⹰кਁኅ䎧ᶕⲴਖањ᭩䘋㇇⌅(Kampes, 2006)Ǆ઼ PSI ⴨

∄ˈᆳ໎࣐Ҷ࡙⭘䲿ᵪ䗷〻⁑රᶕՠ䇑 SLC Ⲵ㿲⍻㋮ᓖˈ֯⭘ᴰሿ䍩⭘⍱䀓㕐㇇⌅䘋㹼〰⮿⸙䱥кⲴ

⴨ս䀓㕐ˈᒦ䙊䗷ሩ䀓㕐⴨սⲴᰦ䰤઼オ䰤└⌒⎸䲔བྷ≄⴨սǃಚ༠⴨սㅹ↻։⴨սⲴᖡ૽Ǆ䈕㇇⌅

ҏᴹᔰⓀⲴ Matlab ԓ⸱ˈޡᆖҐ઼л䖭֯⭘Ǆ 

ԕкй⿽ᯩ⌅൷኎Ҿ PSI ᢰᵟǄPSI ൘෾ᐲൠ४ᓄ⭘ᒯ⌋ˈՇཊⲴӪᐕൠ⢙Ѫ PS ⛩ᨀ׋Ҷݵ䏣Ⲵ

ᶕⓀǄPSI ᢰᵟԕっᇊⲴ⛩ⴞḷѪส⹰ˈ㜭ཏ൘䮯ᰦ䰤ᒿࡇк᷀࠶ಘ⢙⨶ǃࠐօ৺ަਈॆ኎ᙗǄնᱟ

ӵ൘䜘࠶ᒢ⎹മѝ؍ᤱ⴨ᒢᙗⲴⴞḷ㻛ᆼޘ㠽ᔳˈфっᇊⲴ⛩ⴞḷ൘䶎෾ᐲൠ४࠶ᐳ〰ቁˈ֯ᗇ PSI

ᢰᵟ൘ᇎ䱵ᓄ⭘ѝᆈ൘аӋተ䲀ᙗǄ 

ݳ䗘অ࠶ᐳ൘࠶ᐳᔿⴞḷ˄Distributed Scatterers, DS˅ѫ㾱ሩᓄҾѝㅹ⴨ᒢⲴൠ䶒⢙փˈ⭡൷र࠶

ᐳǄSBAS࠶ᐳҾ䶎෾ᐲൠ४ˈᒦ┑䏣༽ᮠᶑԦлⲴശ儈ᯟ࠶⌊Ⲵᮓሴփᶴᡀˈᒯ޵ ઼ SqueeSARᯩ⌅

㻛⴨㔗ᨀࠪˈ⭘Ҿ༴⨶࠶ᐳᔿⴞḷǄ 

ሿส㓯䳶˄Small Baselines Subset Algorithm, SBAS˅ᯩ⌅⭡ Berardino ㅹӪҾ 2002 ᒤᨀࠪ

(Berardino et al., 2002)ˈ⭘Ҿ⹄ウվ࠶䗘⦷ǃབྷቪᓖкⲴൠ㺘ᖒਈǄ䈕ᯩ⌅઼ PSI ᯩ⌅ᴰབྷⲴ४࡛ቡᱟ

䟷⭘ҶཊѫᖡۿⲴᒢ⎹㓴ਸㆆ⮕ˈṩᦞᒢ⎹മⲴオ䰤ส㓯઼ᰦ䰤ส㓯Ⲵᴰሿॆ৏ࡉ䘹ᤙᒢ⎹ۿሩⲴ㓴

ਸˈᒦṩᦞ⴨ᒢ㌫ᮠമˈ䘹ᤙ儈⴨ᒢ⛩ˈሩᡰᴹᒢ⎹ᶑ㓩മ䘋㹼⴨սⲴ䀓㕐઼ᇊḷˈᴰਾ࡙⭘⸙䱥ཷ

ᔲ࠶٬䀓˄SVD˅ᯩ⌅≲䀓ᖒਈ৲ᮠ઼儈〻䈟ᐞ൘ᴰሿ㤳ᮠ᜿ѹкⲴᴰሿҼ҈䀓ǄSBAS ᢰᵟԕ䘋䗷

ཊ㿶༴⨶ਾⲴᐞ࠶ᒢ⎹മѪส⹰ˈ㲭❦ਟԕᴹ᭸ᨀ儈ؑಚ∄ˈնҏᑖᶕҶаӋ㕪䲧ˈवᤜ䱽վҶമۿ

Ⲵࠐօ࠶䗘⦷ˈ⭡Ҿн਼኎ᙗⲴᮓሴփⲴ␧ਐӗ⭏Ⲵᴤ࣐ѕ䟽Ⲵᰦ䰤৫⴨ᒢԕ৺䶎ᒣっൠᖒ઼ケਈᖒ
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ਈؑਧⲴᒣ━ሬ㠤Ⲵオ䰤৫⴨ᒢㅹǄ䘉Ӌ㕪䲧ᢃ⹤Ҷശ儈ᯟ࠶ᐳⲴؑਧᒣっᙗࡽᨀᶑԦˈ֯ᗇᒢ⎹⴨

ս઼⴨ᒢമⲴՠ䇑ӗ⭏ٿᐞˈᒦᴰ㓸ᖡ૽ᖒਈⲴ৽╄㔃᷌(Zhang et al., 2013; 㪻ᕕ et al., 2013)Ǆ䜘࠶ᆖ

㘵䪸ሩ䘉а䰞仈䘋㹼Ҷ⴨ޣ⹄ウˈѫ㾱࠶Ѫє㊫˖а㊫ṩᦞ SAR ؑਧⲴᕪᓖ⢩ᖱˈ䟷⭘४ฏ⭏䮯⌅ᡆ

㘵䛫ฏ㔏䇑⌅ˈሩተ䜘Ⲵ䶎ᒣっؑਧ䘋㹼㺕گ˗ਖа⿽䟷⭘ཆ䜘ᮠᦞᡆ⴨ս⁑ර৫䲔ഐൠᖒᕅ䎧Ⲵՠ

䇑デਓ޵Ⲵ⴨սਈॆǄԕ䛫ฏ㔏䇑ᯩ⌅䘹ਆ࠶ᐳᔿⴞḷˈ࡙⭘⴨ս⁑ර䘋㹼ൠᖒ⴨ս㺕گⲴᯩ⌅ᴤѪ

ⷙⴞˈ㜭ཏᴹ᭸ൠ৫䲔デਓՠ䇑ѝؑਧнᒣっᒦ㺕گデਓ޵Ⲵൠᖒ⴨սᖡ૽Ǆ 

⴨∄ѻлˈFerretti Ҿ 2011 ᒤᨀࠪⲴ SqueeSAR ᢰᵟӽ❦䟷⭘অаѫᖡۿ䘋㹼ᒢ⎹മ㓴ਸǄᆳ䙊䗷

㠚䘲ᓄⲴオ䰤└⌒䘹ਆ SAR ᕪᓖ⴨լⲴ⛩֌Ѫ DSˈᒦ⴨սй䀂⍻䟿Ⲵᰦ䰤└⌒ᯩ⌅ሩ DS Ⲵᒢ⎹⴨

ս䘋㹼Ոॆՠ䇑˗❦ਾሶ DS Ր㔏Ⲵࡠޕ࣐ PSI ༴⨶⍱〻ѝˈሶ PS ઼ DS ⛩䘋㹼ޡޜ༴⨶(Ferretti et 

al., 2011)Ǆնᱟ SqueeSAR ӽᴹаӋ䲀ࡦǄ俆ݸˈަ⭘Ҿ DS ⛩䇶࡛Ⲵ Kolmogorov-Smirnov Ự傼䗷Ҿ

ㆰঅˈᒦн䘲⭘Ҿާᴹ䮯ቮ࠶ᐳ⢩⛩Ⲵ䴧䗮ؑਧⲴ㔏䇑Ự傼Ǆަ⅑ˈSqueeSAR ӽ❦⋑ᴹ㘳㲁䛓Ӌӵ

൘䜘࠶ᒢ⎹മѝ؍ᤱ⴨ᒢⲴൠ⢙ⴞḷˈवᤜ⛩ⴞḷ઼࠶ᐳᔿⴞḷˈ䲀ࡦҶަᓄ⭘㤳തǄ 

Ѫ䘋а↕᧘ᒯ InSAR ᢰᵟ൘䶎෾ᐲൠ४Ⲵᓄ⭘ˈ䀓ߣ≨ѵᮓሴփⴞḷ⛩ᇶᓖ〰⮿Ⲵ㕪䲧ˈPerrisin

઼ Wang ਁኅҶ QPS Ⲵᯩ⌅ˈ䟷⭘㊫լҾሿส㓯䳶Ⲵཊѫᖡۿᒢ⎹㓴ਸᯩ⌅ˈ൘ᖒਈ൪઼儈〻䈟ᐞ৽

╄䱦⇥ˈਚᴹ䜘࠶ਟ䶐Ⲵ⴨ᒢമ৲оҶս㖞৲ᮠⲴՠ䇑ˈᒦሩᒢ⎹മ䘋㹼└⌒ˈ֯ᗇ䈕ᯩ⌅㜭ཏᨀਆ

 ,Wang)࣋ᐳᔿⴞḷⲴ㜭࠶⨶ᨀлˈާ༷Ҷ༴ࡽ⴨ᒢⴞḷ⛩ˈ൘⢪⢢Ҷаᇊ㋮ᓖⲴ৽╄㔃᷌Ⲵ࠶䜘ࡠ

2009; Wang et al., 2011; 䱸ᇼ嗉 et al., 2013)Ǆ 
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1.3 ᇎ傼४оᮠᦞⓀᾲߥ 

ᇎ傼४սҾ⎉⊏ⴱᶝᐎᐲᐲ४ˈѪь㾯ੁ⸙ᖒ४ฏˈь㾯䮯㓖 60kmˈইे䮯㓖 45km 

(30°03’30’N̚30°25’00”N, 120°04’00”E~ 120°47’30”E)Ǆ䈕४ൠ༴䮯⊏й䀂⍢ই⋯઼䫡ຈ⊏⍱ฏл⑨ˈ

ьѤᶝᐎ⒮ˈ䫡ຈ⊏Ӿ㾯ইੁьेᯩੁ⍱㓿ᮤњᇎ傼४㤳തǄᶝᐎᐲ኎ӊ✝ᑖᆓ仾≄ߜˈى༿ᆓ仾Ӕ

ᴯ᰾ᱮˈഋᆓ࠶᰾ˈ䱽≤઼ᰕ➗ݵ䏣Ǆ༿ᆓ⚾✝⒯⏖ˈߜᆓࡉ䱤ߧ▞⒯˗ᒤᒣ൷≄⑙ 15~17ćˈޘᒤ

аᴸԭᴰߧˈᒣ൷≄⑙ 3~5ć˗гᴸԭᴰ✝ˈᒣ൷≄⑙ 27~30ćǄ䈕ൠ४䱽≤ݵ䏣ˈޘᒤᒣ൷䱽≤䟿

ࡠ 1100~1600mmˈѫ㾱䳶ѝ൘ 3 ᴸ㠣 9 ᴸˈᒤᒣ൷䱽䴘ᰕᮠ䗮 151.9 ཙ(Wikipedia, 2013)Ǆ 

㺘 1-1 ᶝᐎ≄ىᒣ൷ᮠᦞ 

ᴾԳ 1 ᴾ 2 ᴾ 3 ᴾ 4 ᴾ 5 ᴾ 6 ᴾ 7 ᴾ 8 ᴾ 9 ᴾ 10 ᴾ 11 ᴾ 12 ᴾ ޞᒪ 
ᶷㄥ儎⑟ Ԩ 23.9 28.5 32.8 34.8 36.5 39.7 40.5 41.6 38.7 35.0 31.2 26.5 41.6 
ᒩൽ≊⑟ Ԩ 4.6 6.4 10.3 16.2 21.4 24.7 28.9 28.2 24.0 18.8 12.9 7.0 17.0 
ᶷㄥք⑟ Ԩ -8.6 -9.6 -3.5 0.2 7.3 12.8 17.5 18.2 12.0 1.0 -3.6 -8.4 -9.6 
䲃≪䠅 mm 80.6 88.2 140.7 123.1 128.6 219.4 172.9 162.1 123.5 78.5 71.5 48.9 1,438.0 
⴮ሯ⒵ᓜ 75 75 75 74 74 80 76 78 79 76 74 72 75.7 

ᒩൽ䲃≪ᰛᮦ 12.4 12.1 15.3 14.5 13.8 14.6 12.4 13.8 11.7 9.0 9.3 8.5 147.4 
ᶛⓆφѣള≊䊗ቶ ളᇬ≊䊗ؗᚥѣᗹ 2014-01-01 

  
ᡰ֯⭘Ⲵᮠᦞवᤜ 2003 ᒤ-2010 ᒤᶝᐎൠ४Ⲵ Envisat ASAR Stripmap ⁑ᔿⲴॷ䖘ᮠᦞ 46 Ჟ઼䱽

䖘ᮠᦞ 24 Ჟ˗傼䇱ᮠᦞवᤜ䫡ຈ⊏ইेєየ⎧ຈ 2009 ᒤ 8 ᴸ-2012 ᒤ 11 ᴸޡ 8 ᵏⲴഋㅹ≤߶⍻䟿ˈ

ྲлമѝⲴ㓒㢢㓯ᶑᡰ⽪˗ਖཆ䘈᭦䳶Ҷо SAR 㿲⍻ᰦ䰤ሩᓄⲴᶝᐎൠ४Ⲵশਢ≄䊑ᮠᦞ˗90 m ࠶

䗘⦷Ⲵ SRTM3 DEM ᮠᦞǄ 

 

മ 1-1 ᶝᐎᇎ傼४ 

http://cdc.cma.gov.cn/dataSetLogger.do?changeFlag=dataLogger
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1.4 䇪᮷⹄ウ޵ᇩ 

1.3.1 䰞仈Ⲵᨀࠪ 

⴨ሩҾа㡜᜿ѹкⲴ෾ᐲൠ㺘⊹䱽ⴁ⍻ˈ⎧ຈާᴹ㓯⣦オ䰤࠶ᐳ˗㘼ᶝᐎᇎ傼४ൠ༴ӊ✝ᑖᆓ仾

४ˈഋᆓ࠶᰾ˈ䴘䟿ݵ⋋ˈഐ↔ਇᰦ䰤৫⴨ᒢ઼བྷ≄ᔦ䘏⴨սⲴᖡ૽䖳བྷˈഐ↔ᑨ㿴⍱〻Ⲵ䴧䗮ᒢ⎹

ᢰᵟ䳮ԕᴹ᭸ൠᇎ⧠ޘ㤳തǃ儈㋮ᓖⲴ⊹䱽ⴁ⍻Ǆ 

䫡ຈ⊏⎧ຈᔦ㔥ᮠⲮޜ䟼ˈ⎧ຈઘ䗩ൠ⨶⧟ຳ༽ᵲཊਈˈ֯ᗇᕪᮓሴփⲴ࠶ᐳቁ㘼н൷ˈ࣐ѻᆓ

㢲࠶᰾Ⲵᶝᐎൠ४ਇᰦ䰤৫⴨ᒢⲴᖡ૽ѕ䟽ˈഐ↔ᑨ㿴Ⲵ PSInSAR ᯩ⌅ᒦн䘲⭘˗㘼ሿส㓯䳶ᯩ⌅ˈ

㜭࠶ݵݵ᥆ᧈ⸝ᰦ䰤ส㓯઼⸝オ䰤ส㓯Ⲵᒢ⎹മⲴ⴨ᒢؑ᚟ˈᴤ䘲⭘Ҿ⴨ᒢᰦ䰤⸝Ⲵൠ䶒ⴞḷǄᵜ᮷

൘ᑨ㿴ሿส㓯䳶Ⲵᯩ⌅кˈ䙊䗷᭩䘋єᑵᖡۿѻ䰤Ⲵ⴨ᒢᙗ⍻ᓖ⁑රˈՈॆн਼ SAR ᖡۿѻ䰤Ⲵᒢ⎹

 ൠ᥆ᧈ▌൘Ⲵ⴨ᒢؑ᚟Ǆ࠶ݵ࣐ሩ䘹ਆᯩ⌅ˈᴤۿ

㓯⣦ⴞḷ൘ཊ㿶༴⨶ѝˈՊഐѪ൘ՠ䇑デਓ޵оަԆⴞḷ␧ਐ㘼ሬ㠤⴨ᒢᙗⲴՠ䇑ٿᐞˈഐ↔Ր

㔏Ⲵപᇊ⸙ᖒՠ䇑デਓᒦн䘲⭘Ҿ⎧ຈⲴ⴨ᒢᙗՠ䇑Ǆ⨶䇪кˈ⴨ᒢ㌫ᮠᇊѹ൘єњ䲿ᵪᒣっⲴᒿࡇ

s1(t)઼ s2(t)кˈޜᔿѪ(Foster and Guinzy, 1967; Touzi et al., 1999)˖ 

    (1-1) 

൘ᇎ䱵ᓄ⭘ѝˈ⭡Ҿ SAR Րᝏಘᰐ⌅൘਼аᰦ࡫㧧ᗇ L ⅑㿲⍻ˈޜᔿ(1)ѝⲴᵏᵋᖸ䳮㧧ᗇǄഐ↔ٷ

䇮䲿ᵪ䗷〻 s1(t), s2(t)઼ s1(t)s*
2(t)䜭ᱟᒣっф਴ᘱশ㓿Ⲵˈ❦ਾ⭘ՠ䇑デਓ޵ L њۿ㍐Ⲵオ䰤ᒣ൷ᶕԓ

ᴯᵏᵋˈӾ㘼≲ᗇ⴨ᒢᙗⲴՠ䇑䟿˖ 

    (1-2) 

❦㘼൘ᇎ䱵ᛵߥѝˈ⭡Ҿൠ㺘⢩ᖱⲴ༽ᵲᙗˈк䘠ٷ䇮൘ InSAR ༴⨶ѝ൘བྷཊᮠᛵߥлᱟнᡀ・

ⲴǄ俆ݸˈ༽ᵲⲴൠ⢙㊫ර֯ᗇデਓ޵н਼ൠ⢙ӗ⭏␧ਐˈቡ㇇ᱟ਼а⿽ൠ⢙ˈ⭡Ҿަ࠶ᐳⲴн൷䍘ˈ

ҏՊᕅ䎧デਓ޵ᕪᓖᖡۿⲴн൷䍘ˈሬ㠤䗷〻 s1(t)઼ s2(t)࡛࠶нᒣっˈᒦ⴨ᒢᙗՠ䇑ѝӗ⭏儈ՠٿᐞǄ

ަ⅑ˈ䎧Կн൷Ⲵൠ࣯Պᕅ䎧デਓ޵Ⲵ㌫㔏⴨սⲴਈॆˈ䘋㘼ሬ㠤䗷〻 s1(t)s*
2(t)нᒣっˈᕅ䎧ՠ䇑ٿ

*
1 2

2 2
1 2

( ) ( )
=

( ) ( )

E s t s t

E s t E s t
J

ª º¬ ¼

ª º ª º
¬ ¼ ¬ ¼

*
1 2

1

2 2
1 2

1 1

( ) ( )
=

( ) ( )

L

L

L L

L L

s t s t

s t s t
J  

  

¦

¦ ¦

�
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ᐞǄᑨ㿴Ⲵ InSAR ༴⨶ѝ䟷⭘ⲴപᇊབྷሿⲴ⸙ᖒՠ䇑デਓˈՊሩᖡۿӗ⭏ᒣ━᭸᷌ˈᕅ䎧オ䰤࠶䗘⦷

Ⲵ䱽վˈᒦ䘋а↕࣐䟽ൠ⢙Ⲵ␧ਐ〻ᓖǄՐ㔏ⲴപᇊབྷሿⲴ⸙ᖒデਓн䘲ਸҾާᴹ㓯⣦オ䰤࠶ᐳ⢩⛩

Ⲵ⎧ຈˈަѝ䱽վ࠶䗘⦷Ⲵ༴⨶ҏՊሬ㠤൘ SAR ᖡۿкᴹ᭸ᇭᓖਚᴹ 18m Ⲵ⎧ຈؑਧ઼ઘ䗩ൠ⢙ؑ

ਧⲴ␧ਐ઼ђཡǄ 

䶒ੁ࠶ᐳᔿⴞḷⲴ༴⨶ᯩ⌅㜭ཏᴹ᭸ൠ䀓ߣՠ䇑ٿᐞ઼࠶䗘⦷䱽վⲴ䰞仈Ǆ䙊䗷䇶࡛൘ൠ㺘൷䍘

⎸ˈݳᐳᔿⴞḷѪสᵜ༴⨶অ࠶Ⲵᖒ⣦䗩⭼˗ਾᵏⲴ༴⨶൷ԕࡉᐳᔿᮓሴⴞḷˈᨀਆަн㿴࠶ᐳⲴ࠶

䲔ՠ䇑デਓ޵ൠ⢙н൷䍘ᑖᶕⲴ䶎ᒣっᙗǄ❦ਾ࡙⭘ؑਧ᷀࠶ѝⲴᯩ⌅ˈṩᦞᶱབྷլ❦⌅ࡉՠ䇑࠶ᐳ

ᔿⴞḷᡰ൘Ⲵൠᖒ↻։එᓖˈᒦҸԕ⎸䲔ˈ߿ᕡデਓ޵ൠᖒਈॆᑖᶕⲴ㌫㔏⴨սⲴ䶎ᒣっᙗǄ䘉⿽ส

Ҿ൷䍘н㿴ࡉᖒ⣦Ⲵ࠶ᐳᔿⴞḷⲴ༴⨶ᯩ⌅нՊ䱽վമۿ৏ᴹⲴࠐօ࠶䗘⦷ˈഐ↔䘲⭘Ҿ⎧ຈⲴᖒਈ

Ự⍻༴⨶Ǆ 

1.3.2 ѫ㾱⹄ウ޵ᇩ 

䪸ሩ⎧ຈⲴ㠚䓛⢩⛩઼ሩ InSAR ᢰᵟⲴ㾱≲ˈ᤹➗༴⨶⍱〻ݸਾ亪ᒿˈ䇮䇑Ҷഋњѫ㾱Ⲵ⹄ウ޵

ᇩ˖ᒢ⎹⴨ሩⲴ㓴ਸՈॆǃ࠶ᐳᔿⴞḷⲴ䇶࡛ǃ㔉Ҹઘᵏമ⌅Ⲵ㠚䘲ᓄൠᖒ└⌒઼⎧ຈᖒਈ㿴ᖻⲴ࠶

᷀Ǆ 

A. ᒢ⎹ۿሩⲴ㓴ਸՈॆ 

Ր㔏Ⲵ⴨ᒢᙗ亴ՠᖡ૽ഐᆀѪ˖ᰦ䰤ส㓯ǃオ䰤ส㓯඲ⴤ࠶䟿઼ཊᲞं䍘ᗳ仁⦷ᐞǄṩᦞ⋯⎧ൠ

४ਇབྷ≄ᖡ૽ѕ䟽Ⲵ⢩⛩ˈ໎࣐䱽≤䟿઼ᰦ䰤Ⲵᆓ㢲ᙗਈॆєњᖡ૽ഐᆀˈ㜭ཏᴤ࣐߶⺞ൠՠ䇑ᒢ⎹

മⲴ⴨ᒢᙗ઼ᒢ⎹⴨ս䍘䟿Ǆ 

ሩҾᒢ⎹മ䘎䙊ᯩ⌅ˈ൘Ր㔏Ⲵ⴨ᒢᙗ䰸٬⌅Ⲵส⹰кˈ໎࣐ᴰሿ⭏ᡀṁ˄MST˅䘎䙊ᯩ⌅ˈ؍

䇱ޘփᒢ⎹മⲴ䘎䙊઼ᮤփᖒਈ৲ᮠⲴᡀ࣏৽╄ˈ߿ቁӪᐕᒢ亴Ǆ䇑㇇⇿њᒢ⎹മⲴ⴨ᒢᙗˈ⭘Ҿਾ

ᵏⲴᒢ⎹മ䀓㇇ѝⲴ࣐ᵳ༴⨶Ǆ 

B. ࠶ᐳᔿⴞḷⲴ䇶࡛ 

൘ٷ䇮⴨լൠ⨳⢙⨶ᙗ䍘Ⲵൠ⢙ާᴹ⴨լⲴ䴧䗮എ⌒ؑਧⲴᶑԦлˈ࠶ᐳᔿⴞḷ൘䴧䗮ᖡۿкণ

㺘⧠Ѫ㔏䇑᜿ѹкⲴ൷䍘ݳۿ˄Statistically Homogeneous Pixels, SHP Ǆ˅ഐ↔࠶ᐳᔿⴞḷⲴ䇶࡛ণਟ䖜

ᦒᡀമۿк SHP Ⲵ䇶࡛䰞仈ˈҏণᱟ䇶࡛ᒿࡇ SAR മۿѝˈ൘䛫ฏオ䰤㤳തާ޵ᴹ⴨਼㔏䇑࠶ᐳⲴ

 Ⲵ䳶ਸǄݳۿ

䘉њ䰞仈൘㔏䇑ᆖк〠ѪᤏਸՈᓖỰ傼˄Goodness-of-Fit, GOF test Ǆ˅ᑨ⭘Ⲵ GOF ᯩ⌅ѫ㾱ᴹ
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Kolmogorov-Smirnov (KS) test, Cramer-von Mises (CM) test, Anderson-Darling (AD) test ઼ Baumgartner 

Weiȕ�Schindler (BWS) testǄ䘉Ӌ㔏䇑Ⲵ GOF Ự傼൷ԕṧᵜⲴ㍟〟࠶ᐳ࠭ᮠѪส⹰ˈ䇑㇇ަ㔏䇑Ự傼䟿ˈ

❦ਾṩᦞаᇊ㖞ؑ≤ᒣкⲴ࠶ս⛩Ⲵ٬ᶕࡔᯝєњṧᵜᱟ੖኎Ҿ਼а࠶ᐳǄ 

ཊњṧᵜѻ䰤Ⲵᢙᮓᯩ⌅ѫ㾱ᴹ४ฏ⭏䮯⌅ǃ४ฏਸᒦ⌅઼䛫ฏオ䰤㔏䇑ㅹǄ 

C. สҾઘᵏമ⌅Ⲵ㠚䘲ᓄൠᖒ└⌒ 

࡙⭘ؑਧ᷀࠶ѝⲴઘᵏമՠ䇑ᯩ⌅ˈṩᦞᶱབྷլ❦⌅ࡉˈ䇑㇇࠶ᐳᔿⴞḷᡰ൘४ฏⲴൠᖒ↻։එ

ᓖˈᒦ䙊䗷㠚䘲ᓄⲴൠᖒ└⌒Ҹԕ৫䲔ˈ⎸䲔ഐൠᖒ䎧Կн൷ᑖᶕⲴ㌫㔏䶎ᒣっ⴨սǄ 

ṩᦞ࠶ᐳᔿⴞḷ઼└⌒ਾⲴᒢ⎹മˈ䟽ᯠՠ䇑ᒢ⎹മⲴ⴨ս઼⴨ᒢᙗǄ⭘Ҿਾ㔝Ⲵ䮯ᰦ䰤ᒿࡇⲴ

ᖒਈ䀓㇇༴⨶Ǆ 

D. ⎧ຈ⊹䱽㿴ᖻ᷀࠶ 

ሩ∄ᇎൠⲴ≤߶⍻䟿ᮠᦞ઼ InSAR ⍻䟿ᮠᦞˈ᷀࠶ᒦ䇴ԧ InSAR Ⲵ⍻䟿㔃᷌Ǆṩᦞ᷀࠶ˈ䈳ᮤ

InSAR ༴⨶⍱〻о৲ᮠ䇮㖞ˈ䘋а↕ᆼழǄ 

ṩᦞᇎ⍻ᮠᦞ઼⎧ຈⲴ⊹䱽ਈᖒ㿴ᖻޜᔿˈ亴⍻⎧ຈ൘Ḁаᰦ࡫Ⲵ㍟〟ᖒਈ䟿ԕ৺⎧ຈⲴᴰ㓸⊹

䱽䟿Ǆᒦоᤱ㔝䐏䑚Ⲵ InSAR ⍻䟿㔃᷌䘋㹼ᤏਸሩ∄Ǆ 

㔬ਸ᷀࠶ᖡ૽⎧ຈਈᖒⲴഐᆀˈᒦṩᦞ䘉Ӌᖡ૽ഐᆀ䈳ᮤ InSAR ༴⨶ㆆ⮕Ǆ 
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1.5 䇪᮷Ⲵ㓴㓷㔃ᶴ 

ᵜ᮷ṩᦞ⎧ຈ㠚䓛Ⲵ ⢩⛩ˈሩՐ㔏Ⲵᰦ䰤ᒿࡇ InSAR ᮠᦞ༴⨶⍱〻䘋㹼᭩䘋ˈ᤹➗⍱〻Ⲵݸਾ亪

ᒿˈㄐ㢲ᆹᧂྲл˖ 

ㅜ 1 ㄐѪ㔚䇪ˈӻ㓽Ҷ࡙⭘ᰦ䰤ᒿࡇ䴧䗮ᒢ⎹⍻䟿⹄ウ⎧ຈ⊹䱽ਈᖒⲴ᜿ѹǃ⹄ウ⧠⣦˗ᇎ傼४

઼ᮠᦞⲴᾲߥԕ৺䇪᮷Ⲵѫ㾱޵ᇩⲴᨀࠪо⴨ᓄⲴ䀓ߣᙍ䐟˗઼ᴰਾⲴㄐ㢲ᆹᧂǄ 

ㅜ 2 ㄐӻ㓽Ҷ䴧䗮ᒢ⎹⍻䟿Ⲵสᵜ৏⨶ˈ᷀࠶Ҷᖡ૽ᒢ⎹⍻䟿ᖒਈؑ᚟ᨀਆⲴഐ㍐Ǆ 

ㅜ 3ǃ4 ㄐ࡛࠶䱀䘠ᵜ᮷䪸ሩ⎧ຈ⢩⛩ሩՐ㔏 MTInSAR ᯩ⌅Ⲵ᭩䘋Ǆަѝˈㅜ 3 ㄐ䇢䘠Ҷ൘ཊส

㓯Ⲵ䴧䗮ᒢ⎹⍻䟿ѝᒢ⎹㓴ਸ㖁㔌Ⲵ䘹ਆ઼Ոॆ˗ㅜ 4 ㄐӻ㓽ҶสҾ࠶ᐳᔿⴞḷⲴ㠚䘲ᓄオ䰤└⌒઼

⴨ᒢᙗՠ䇑ᯩ⌅Ǆ 

ㅜ 5 ㄐኅ⽪Ҷ MTInSAR ൘ᶝᐎൠ४Ⲵᖒਈ⍻䟿઼᷀࠶㔃᷌Ǆ俆ݸሩᶝᐎൠ४Ⲵൠ䍘઼䫡ຈ⊏⎧

ຈⲴᶴ䙐শਢ઼⧠⣦䘋㹼Ҷ䱀䘠˗❦ਾሩᶝᐎൠ४Ⲵ InSAR ⍻䟿㔃᷌䘋㹼㋮ᓖ傼䇱˗ᴰਾሩ䫡ຈ⊏⎧

ຈ䘁ᒤᶕⲴ⊹䱽㿴ᖻ䘋㹼Ҷࡍ↕Ⲵ᷀࠶Ǆ 

ㅜ 6 ㄐሩᐢᔰኅⲴᐕ֌䘋㹼ᙫ㔃ˈᒦሩᵚᶕᐕ֌䘋㹼ኅᵋǄ 
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ㅜ2ㄐ InSARสᵜ৏⨶ 

ਸᡀᆄᖴ䴧䗮ᒢ⎹⍻䟿ᢰᵟ˄InSAR˅ᱟਸᡀᆄᖴ䴧䗮ᐞ࠶ᒢ⎹⍻䟿˄D-InSAR˅Ⲵ

ส⹰ˈㆰঅ䈤ᶕ D-InSAR ᱟ൘ InSAR 䟷⭘・փᩴᖡⲴᯩᔿ㧧ਆ儈〻ؑ᚟Ⲵส⹰кˈሩ൘

н਼ᰦ䰤㧧ਆⲴᮠᦞᨀਆⲴ儈〻ؑ᚟ڊᐞ࠶ˈӾ㘼ᨀਆᖒਈؑ᚟ⲴᢰᵟǄ 

2.1 InSARสᵜ৏⨶ 

ਸᡀᆄᖴ䴧䗮ᒢ⎹⍻䟿ᱟ࡙⭘਼аൠ४㿲⍻Ⲵєᑵ SAR ༽ᮠᖡۿ䘋㹼ᒢ⎹༴⨶ˈ䙊

䗷⴨սؑ᚟㧧ਆൠ㺘儈〻ؑ᚟৺ᖒਈؑ᚟ⲴᢰᵟǄṩᦞᡀۿᰦ䰤ˈInSAR ਟԕ࠶Ѫঅ⅑䖘

䚃˄single-pass˅઼䟽༽䖘䚃˄repeat-pass˅є⿽⁑ᔿǄঅ⅑䖘䚃ᒢ⎹ᱟᤷ൘਼аᵪ䖭ᡆᱏ

䖭ᒣਠк㻵䖭є࢟ཙ㓯ˈަѝа࢟ཙ㓯ਁሴؑਧˈє࢟ཙ㓯䜭᧕ਇൠ䶒എ⌒ؑਧˈᒦ࡙⭘

㧧ਆⲴᮠᦞ䘋㹼ᒢ⎹༴⨶Ǆ䟽༽䖘䚃ᒢ⎹ᱟᤷ਼аՐᝏಘᡆ⴨լՐᝏಘ᤹➗ᒣ㹼䖘䚃є⅑

ሩൠᡀۿˈ࡙⭘ᗇࡠⲴᮠᦞ䘋㹼ᒢ⎹༴⨶Ǆє⅑ᡀۿᰦ SAR ㌫㔏ѻ䰤Ⲵオ䰤䐍⿫〠Ѫオ

䰤ส㓯䐍ˈᰦ䰤䰤䳄〠Ѫᰦ䰤ส㓯Ǆṩᦞオ䰤ส㓯䐍оᒣਠ伎㹼ᯩੁѻ䰤Ⲵޣ㌫ˈInSAR

৸ਟԕ࠶Ѫ⋯䖘˄along-track˅઼⁚䖘˄across-track˅䖘䚃є⿽Ǆ⋯䖘 InSAR ᱟᤷส㓯о

伎㹼ᯩੁᒣ㹼ˈਟԕ⭘ᶕ㋮⺞⍻ᇊൠ⢙Ⲵ䘀ࣘˈྲ䘀ࣘ⢙փⲴਈॆỰ⍻ˈ⎧⌻⌻⍱Ⲵ䙏ᓖ

൪ㅹˈѫ㾱ࠪ⧠൘ᵪ䖭ৼཙ㓯ѝǄ⁚䖘 InSAR ᱟᤷส㓯о伎㹼ᯩੁ඲ⴤˈ൘ᵪ䖭઼ᱏ䖭

ᒣਠѝ䜭ᴹࠪ⧠Ǆⴞࡽഭ䱵к⍱㹼Ⲵᱏ䖭 SAR Րᝏಘˈ䜭ᱟ䟽༽ǃ⁚䖘䖘䚃⁑ᔿˈᵜ᮷

ਾ䶒ྲᰐ⢩࡛䈤᰾ˈ൷ᱟᤷᱏ䖭䟽༽䖘䚃⁚䖘ᐕ֌⁑ᔿǄ 

ൠ䶒ⴞḷⲴ SAR എ⌒ؑਧнӵवᤜᑵᓖؑ᚟ Aˈ䘈वᤜ⴨սؑ᚟ SARˈ׋ മۿк⇿

њݳۿⲴਾੁᮓሴؑ᚟ਟԕ㺘⽪Ѫ༽ᮠ Aei׋Ǆަѝˈ⴨սؑ᚟䘈वਜ਼ SAR ㌫㔏оⴞḷⲴ

䐍⿫ؑ᚟઼ൠ䶒ⴞḷⲴᮓሴ⢩ᙗˈণ 

4
objRSI I

O
 � �        (2-1) 

ᔿѝˈ4ʌѪৼ〻䐍⿫⴨սˈR Ѫ SAR оൠ䶒ⴞḷѻ䰤Ⲵᯌ䐍ˈȜѪ⌒䮯ˈ׋objѪൠ䶒ⴞḷ
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Ⲵᮓሴ⴨սǄ 

䟽༽䖘䚃 InSAR 㿲⍻Ⲵࠐօޣ㌫ྲമ 2-1 ᡰ⽪ǄS1઼ S2࡛࠶㺘⽪ѫ䖵ᖡۿՐᝏಘˈ

B Ѫส㓯䐍ˈĮ Ѫส㓯䐍о≤ᒣᯩੁⲴٮ䀂ˈș Ѫѫᖡޕۿሴ䀂ˈH ѪѫՐᝏಘⲴ⴨ሩൠ

䶒儈ᓖˈR1઼ R2࡛࠶Ѫѫ䖵ᖡۿᯌ䐍ˈP Ѫൠ䶒ⴞḷ⛩ˈަ儈〻Ѫ hǄ䇮ൠ䶒ⴞḷ⛩ P є

⅑ᡀۿᰦⲴമ࡛࠶ۿѪ 

1
1 1

ic A e I ˈ 2
2 2

ic A e I      (2-2) 

0

h

P

R1

R2

S1

S2
B

ɽ

ɲ

ɽ

B
BᄧBႄ

y

H

 

മ 2-1 InSAR ৏⨶മ 

ᔿѝˈc1Ѫѫᖡۿˈc2Ѫ䖵ᖡۿǄѫ䖵ᖡޡۿ䖝⴨҈ˈণਟᗇࡠ༽ᒢ⎹മ 

1 2( )
1 2 1 2

iI c c A A e I I�
 �       (2-3) 

ᔿѝˈ
㺘⽪৫ޡ䖝Ǆ䇮  ᴹࡉˈѪᒢ⎹⴨ս׋

1 2 1 2 1 2
4 ( ) ( )obj objR RSM M M I I
O

 �  � � � �    (2-4) 

䘉䟼Ⲵ ׋ ᱟⵏᇎᒢ⎹⴨սˈ൘ᇎ䱵Ⲵമۿ༴⨶ѝᖰᖰᗇࡠⲴᱟⵏᇎᒢ⎹⴨ս൘[-ʌ�� ʌ)Ⲵѫ
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٬˄㕐㔅⴨ս˅̍ ሩަ䘋㹼⴨ս䀓㕐᫽֌ণਟᗇࡠⵏᇎᒢ⎹⴨սǄ 

ሶオ䰤ส㓯䐍⋯⵰ޕሴᯩੁ઼඲ⴤҾޕሴᯩੁ䘋㹼࠶䀓ˈণਟᗇࡠ඲ⴤส㓯䐍 Bĵ઼

ᒣ㹼ส㓯䐍 B// 

/ /cos( ), sin( )B B B BT D T DA  �  �     (2-5) 

 ˖ᔿѪޜ৫䲔ᒣൠ⴨սѻਾˈ儈〻઼⴨սѻ䰤Ⲵа㡜ᙗࡉ

sin
4
Rh

B
O T M
S A

 �       (2-6) 

ሩкᔿє䗩৫ᗞ࠶ˈਟԕᗇࡠᒢ⎹⴨ս⴨ሩ儈〻ਈॆⲴ᭿ᝏᓖˈণ 

sin
4
Rh

B
O T M
S A

'  � '      (2-7) 

кᔿ㺘᰾儈〻Ⲵ䟿⍻㋮ᓖਆߣҾᯌ䐍઼ส㓯Ⲵ∄ R/BǄ൘ SAR ᡀۿ㌫㔏ѝˈа㡜R B� ˈ

ҏণ¨׋Ⲵᗞሿ䈟ᐞ㓿䗷᭮བྷਾՐ䙂㔉儈〻٬ˈҏՊᕅ䎧ᖸབྷ䈟ᐞǄ 

ᇊѹ 2M S'  ᰦⲴ儈ᓖਈॆѪ⁑㋺儈ᓖˈণ 

2
sin

2
Rh

BS
O T

A

 �       (2-8) 

⁑㋺儈ᓖᱟᒢ⎹ᶑ㓩ઘᵏⲴ儈ᐞՠ䇑ˈ㻛⭘ᶕ㺘ᖱᒢ⎹⴨սሩൠᖒ儈〻ਈॆⲴ⚥᭿ᓖ(ᔆ

᰾⭏ and ᷇⨢, 2003)Ǆ 

2.2 ৫⴨ᒢ᷀࠶ 

2.2.1 ᒢ⎹⴨ᒢ 

D-InSAR ࡙⭘ᐞ࠶ᒢ⎹⴨ս䇑㇇儈〻઼ᖒਈ৲ᮠˈަᒢ⎹⴨սⲴ䍘䟿ߣᇊҶᴰ㓸৲

ᮠⲴ৽╄䍘䟿ˈ㘼ᒢ⎹⴨սⲴ䍘䟿ਆߣҾ SAR ᖡۿⲴ䍘䟿ǄSAR എ⌒ؑਧѝнӵवਜ਼Ր

ᝏಘоൠ䶒ⴞḷⲴ䐍⿫ؑ᚟ˈ䘈वਜ਼ൠ䶒ⴞḷо䴧䗮ؑਧⲴ৽ሴؑ᚟Ǆ⭡Ҿ SAR ᖡ࠶ۿ

䗘⦷ᴹ䲀ˈঅњݳۿᖰᖰਜ਼ᴹཊњᮓሴփˈަݳۿⲴؑਧ⭡࠶䗘অ޵ݳཊњᮓሴփⲴഎ⌒
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ؑਧ⴨ᒢ⸒䟿ਐ࣐㘼ᡀ˄ྲമ 2-2  ࠶䗘অ޵ݳⲴᮓሴփഎ⌒ؑਧ⸒䟿ਐ࣐˅̍ ণ 

obji
i i

i i
c c Ae I  ¦ ¦      (2-9) 

ᔿѝˈc Ѫ࠶䗘অݳⲴഎ⌒ؑਧˈci ㅜ޵ݳ䗘অ࠶ i њᮓሴփⲴഎ⌒ؑਧǄྲ᷌࠶䗘

অ޵ݳᮓሴփᱟ䲿ᵪ࠶ᐳˈᙫⲴؑਧሶѪ༽儈ᯟ࠶ᐳǄྲ᷌ᴹањᮓሴփঐѫሬˈ࠶ࡉ䗘

অݳሶ㻛㿶Ѫ⛩ᮓሴփǄ 

Re

Im

O
Ԅi

Ci

C

 

മ 2-2  ࠶䗘অ޵ݳⲴᮓሴփഎ⌒ؑਧ⸒䟿ਐ࣐ 

ྲ᷌єњ⭥⻱⌒Ⲵ⴨սѻ䰤ᆈ൘аᇊⲴޣ㌫ˈԆԜቡᱟ⴨ᒢⲴǄ⴨ᒢ㌫ᮠቡᱟ㺘ᖱ⴨

ᒢᙗⲴ䟽㾱ᤷḷˈަᇊѹѪ(Bamler and Just, 1993)˖ 

1 2
2 2

1 1

( )=
(| | ) (| | )

E c c
E c E c

J

<

<
     (2-10) 

ᔿѝˈE()㺘⽪ᵏᵋ٬Ǆ⴨ᒢ㌫ᮠоᒢ⎹⴨սⲴっᇊᙗᴹޣǄٷ䇮ᮓሴփᴽӾ儈ᯟ࠶ᐳˈ

ᒢ⎹⴨սⲴᾲ⦷ᇶᓖ࠭ᮠࡉ pdf (Bamler and Hartl, 1998) Ѫ 
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2
0 0

2 2 2 2
0 0

| | cos( ) arccos[ | | cos( )]1 | | 1( ) 1
2 1 | | cos ( ) 1 | | cos ( )

pdf J I I J I IJI
S J I I J I I

­ ½� � �� ° ° �® ¾� � � �° °¯ ¿
< <  (2-11) 

ᔿѝˈ0׋Ѫⵏᇎ⴨սˈྲമ 3-2 ᡰ⽪Ǆᒢ⎹⴨սḷ߶ᐞ ı׋ᴹ 

22
2 2 2 (| | )arcsin(| |) arcsin (| |)

3 2
Li

I
JSV S J J � � �   (2-12) 

ᔿѝˈı2׋ ѪᯩᐞˈLi2()ѪҼ⅑ሩᮠ࠭ᮠ(dilogarithm)ˈ⴨սḷ߶ᐞ䲿⴨ᒢ㌫ᮠⲴਈॆޣ㌫

ྲമ 3-3Ǆ 

 

മ 2-3 ᒢ⎹⴨ս䲿⴨ᒢ㌫ᮠⲴⲴᾲ⦷ᇶᓖᴢ㓯 (Bamler and Hartl, 1998) 

 

മ 2-4 ᒢ⎹⴨սḷ߶ᐞ䲿⴨ᒢ㌫ᮠ઼デਓབྷሿⲴޣ㌫ (Bamler and Hartl, 1998) 
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ਟ⸕ⴻࠪˈᖃ⴨ᒢ㌫ᮠ໎࣐ᰦˈ⴨ս࠶ᐳᴤ࣐䳶ѝҾⵏᇎ ˈ⴨սⲴḷ߶ᐞ䎺ሿˈ0׋

ҏቡᱟ䈤⴨սಚ༠߿ሿˈ⴨սっᇊᙗ໎࣐Ǆ 

2.2.2 ৫⴨ᒢⓀ 

ᒢ⎹മⲴ⴨ᒢᙗԓ㺘Ҷ䴧䗮എ⌒ؑਧѻ䰤Ⲵᒢ⎹䍘䟿ˈն൘ؑਧⲴ᧕᭦оᮠᦞ༴⨶䗷

〻ѝᆈ൘⵰৫⴨ᒢⲴᖡ૽ഐ㍐ˈ֯ᗇᒢ⎹മⲴ⴨ᒢᙗ䱽վˈᒦᖡ૽ᴰ㓸Ⲵ儈〻઼ᖒਈⲴ৽

╄㋮ᓖǄѫ㾱Ⲵ৫⴨ᒢⲴᖡۿഐ㍐वᤜԕлޝ㊫ (Bamler and Hartl, 1998; Zebker and 

Villasenor, 1992)˖ 

(1) ᰦ䰤৫⴨ᒢ Ȗtemporal˗ 

(2) オ䰤ส㓯৫⴨ᒢ Ȗspatial˗ 

(3) ᯩսੁ᯻䖜/ཊᲞं䍘ᗳ৫⴨ᒢ Ȗrotation; 

(4) փᮓሴ৫⴨ᒢ Ȗvol˗ 

(5) ㌫㔏✝ಚ༠৫⴨ᒢ Ȗthermal˗ 

(6) ᮠᦞ༴⨶৫⴨ᒢ Ȗprocess˗ 

ഐ↔ˈᙫⲴ৫⴨ᒢਟ㺘⽪Ѫ˖ 

total temporal spatial rot vol processation thermalJ J J J J J J� � � � �    (2-13) 

ަѝˈᰦ䰤৫⴨ᒢਚᱟᡀۿ४ൠ⢙䲿⵰ᰦ䰤ਈ䗱ǃൠ㺘䘀ࣘㅹഐ㍐ਁ⭏ᮓሴ⢩ᙗਈॆӗ⭏Ⲵ˗オ

䰤ส㓯৫⴨ᒢᱟ⭡Ҿᒢ⎹ᖡۿн਼ޕሴ㿶䀂ᐞ൘䐍⿫ੁൠ⢙仁䉡ᣅᖡࡠᮠᦞ仁䉡ᰦӗ⭏Ⲵ仁䉡〫ٿᕅ

䎧Ⲵ˗ᯩսੁ᯻䖜৫⴨ᒢᱟ⭡ҾᯩսੁкⲴ㿶䀂ᐞሬ㠤Ⲵѫ䖵ᖡۿᒢ⎹ሩⲴཊᲞं䍘ᗳ仁⦷ᐞᕅ䎧˗

փᮓሴ৫⴨ᒢѫ㾱䪸ሩᴹаᇊࠐօ࠶ቲǃާᴹփ〟Ⲵᮓሴփˈᆳᱟ䴧䗮⌒㓿䗷ཊ⅑ᮓሴ䙐ᡀⲴ৫⴨ᒢˈ

ަሩᓄⲴިරൠ⢙Ѫާᴹ࠶ቲ㔃ᶴⲴ἞᷇˗㌫㔏✝ಚ༠৫⴨ᒢѫ㾱ਇࡠছᱏՐᝏಘ㌫㔏Ⲵᖡ૽˗ᮠᦞ

༴⨶৫⴨ᒢᱟᤷа࠷⭡ᮠᦞ᫽֌㘼ሬ㠤Ⲵ৫⴨ᒢˈྲѫ䖵ᖡۿⲴ䝽߶ǃ䖵ᖡۿ䟽䟷ṧǃᨂ٬ㅹ༴⨶Ǆ  
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ㅜ3ㄐ ᰦ䰤ᒿࡇInSARⲴᒢ⎹㓴ਸ㖁㔌Ոॆ 

൘ᰦ䰤ᒿࡇ䴧䗮ᒢ⎹⍻䟿ѝˈᒢ⎹ۿሩⲴ䘹ਆᱟᆼᡀ䝽߶ǃ䟽䟷ṧㅹ亴༴⨶ѻਾⲴㅜа↕˗⢩࡛

ᱟሿส㓯ᆀ䳶 (SBAS) 䴧䗮ᒢ⎹⍻䟿ˈަ䙊䗷䘹ਆާᴹ⸝オ䰤ส㓯઼ᰦ䰤ส㓯Ⲵ SAR ᖡۿ㓴ᡀᒢ⎹ۿ

ሩ䳶ਸˈ❦ਾṩᦞᴰሿҼ҈৏⨶ᇎ⧠ᒿࡇᖒਈؑ᚟Ⲵ䀓㇇ǄྭⲴᒢ⎹㓴ਸˈ㜭ཏ࠶ݵ᥆ᧈᒦ࡙⭘ SAR

ᖡۿѻ䰤Ⲵ⴨ᒢؑ᚟ˈ㓴ᔪ儈⴨ᒢᙗⲴᒢ⎹㖁㔌ˈ؍䇱ਾ㔝⴨ս䀓㕐Ⲵっᇊ઼ਟ䶐ˈфнՊᱮ㪇໎࣐

䇑㇇䍏ᣵǄᵜ᮷ṩᦞՐ㔏Ⲵሿส㓯ᆀ䳶ᯩ⌅ˈ൘ᑨ㿴Ⲵᰦ䰤ส㓯ǃオ䰤ส㓯Ⲵ඲ⴤ࠶䟿઼ཊᲞं䍘ᗳ

仁⦷ᐞйњ⴨ᒢᙗᖡ૽ഐᆀⲴส⹰кˈ໎࣐Ҷᰦ䰤ส㓯Ⲵᆓ㢲ᙗਈॆǃ䱽≤䟿єњᖡ૽ഐᆀˈ⭘Ҿ亴

ՠᒢ⎹ሩⲴ⴨ᒢᙗ˗❦ਾṩᦞ䇑㇇ᗇࡠⲴ⴨ᒢ⸙䱥ˈ䘹ਆާᴹ儈⴨ᒢᙗⲴۿሩ৲оਾ㔝Ⲵᰦ䰤ᒿࡇᖒ

ਈ৽╄Ǆᵜ᮷ᡰ⭘Ⲵ䘹ਆᯩ⌅㜭ཏᇎ⧠˖(1) ᴤ࣐߶⺞ൠ亴ՠᒢ⎹ሩⲴ⴨ᒢ㌫ᮠ˗ (2) 㘳㲁Ҷѕ䟽Ⲵབྷ

≄ᔦ䘏⴨սⲴᖡ؍ˈۿ䇱ਾ㔝䀓㇇Ⲵっᇊਟ䶐˗ (3) 䇑㇇ҶᡰᴹⲴᒢ⎹㓴ਸਟ㜭ˈ൘؍䇱⴨ᒢᙗⲴส

⹰кˈᴰབྷॆ࡙⭘Ҷᒢ⎹㓴ਸⲴ߇։ؑ᚟Ǆ 

3.1 ᕅ䀰 

Ѫ㧧ਆ䮯ᰦ䰤ᒿࡇⲴൠ㺘ᖒਈؑ᚟ˈᰦ䰤ᒿࡇ䴧䗮ᒢ⎹⍻䟿 (Time Series InSAR, TSInSAR)൘༴⨶

䗷〻ѝᖰᖰՊ֯⭘ॱࠐᑵ⭊㠣ࠐॱкⲮᑵ SAR ᖡۿǄᆳԜ൘㓿䗷䝽߶ǃ䟽䟷ṧㅹ亴༴⨶ѻਾˈ䙊䗷є

є㓴ਸᖒᡀᒢ⎹ሩ˗䘉а㌫ࡇⲴᒢ⎹ሩ㓴ᡀⲴᒢ⎹㓴ਸ㖁㔌઼ᥟᑵؑ᚟а䎧ˈ⭘Ҿ⴨ᒢⴞḷ⛩Ⲵ䇶࡛

઼ᨀਆ˗ᴰਾสҾ⴨ᒢⴞḷ⛩ˈ࡙⭘ᆳԜ൘ᒢ⎹㓴ਸ㖁㔌ѝⲴ⴨սؑ᚟䘋㹼ᰦオ⴨ս䀓㕐ˈᗇࡠൠ⨳

㺘䶒൘䘉Ӌ⛩кⲴᰦ䰤ᒿࡇᖒਈؑ᚟Ǆഐ↔ˈᒢ⎹ۿሩⲴ䘹ਆᱟᰦ䰤ᒿࡇ InSAR ༴⨶Ⲵㅜа↕ (亴༴

⨶䲔ཆ)ǄሩҾᐞ࠶ᒢ⎹ᖒਈ⍻䟿ᶕ䈤ˈオ䰤ส㓯඲ⴤ࠶䟿о DEM Ⲵ৲о䈟ᐞᡀ↓∄ˈഐ↔オ䰤ส㓯

䮯ᓖ䎺ሿ䎺ྭ˗ሩҾ⍻䟿ᗞሿⲴൠ㺘ᖒਈ (ྲൠ䶒⊹䱽)ᶕ䈤ˈ㧧ਆⲴᖡۿᗵ享㾶ⴆ䖳䮯Ⲵᰦ䰤㤳തˈ

㘼䮯ᰦ䰤䐘ᓖⲴᒢ⎹മ৸ᶱ᱃ሬ㠤ཡ⴨ᒢ˗↔ཆєᑵᖡۿѻ䰤ⲴཊᲞं䍘ᗳ仁⦷Ⲵᐞᔲҏⴤ᧕ᖡ૽ࡠ

ᒢ⎹മⲴ⴨ᒢᙗˈᖃ❦䘉⿽ᖡۿਟԕ޽ਾ㔝Ⲵᯩսੁ઼䐍⿫ੁ└⌒ѝҸԕ߿ᕡǄഐ↔൘ᰦ䰤ᒿࡇⲴ䴧

䗮ᒢ⎹⍻䟿ѝˈㆋ䘹ᨀ儈ᒢ⎹⍻䟿㔃᷌䍘䟿Ⲵᒢ⎹㓴ਸ㖁㔌ᱟ InSAR ᮠᦞ༴⨶䗷〻ѝⲴ䟽㾱↕僔ˈ㘼

䲿⵰ SAR ᖡۿᮠ䟿Ⲵ໎࣐ˈՈॆᒢ⎹㓴ਸ㖁㔌Ⲵ䰞仈ਈᗇᴤ࣐ケࠪǄ 

ṩᦞ㓴ਸѝѫᖡۿⲴњᮠˈਟԕሶᑨ㿱Ⲵᒢ⎹ۿሩⲴ㓴ਸㆆ⮕࠶Ѫє⿽˖অаѫᖡ઼ۿཊѫᖡۿǄ 
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3.1.1 অаѫᖡۿ 

অаѫᖡۿ㓴ਸㆆ⮕൘ᡰᴹ SAR ᖡۿѝ䘹ਆަѝањ֌ѪѫᖡۿˈަԆᡰᴹ SAR ᖡۿ֌Ѫ䖵ᖡ

ᡀᒢ⎹മǄSAR⭏ۿҾѫᖡ࡛࠶ۿ ᖡۿⲴᮠ䟿䇠Ѫ Nˈࡉ⭏ᡀⲴᒢ⎹മⲴᮠ䟿Ѫ M=N-1Ǆަѫ㾱ᓄ⭘

൘≨ѵᮓሴփ䴧䗮ᒢ⎹⍻䟿 (Permanent Scatterer Radar Interferometry, PSInSAR)ѝ(Ferretti et al., 2000; 

Ferretti et al., 2001)Ǆ⭡Ҿ䘉⿽㓴ਸ㔃ᶴᆼޘ⭡ަѫᖡߣۿᇊˈഐ↔অаѫᖡۿⲴᒢ⎹㓴ਸ⹄ウѫ㾱䳶

ѝҾᴰ֣ѫᖡۿⲴ䘹ਆǄՐ㔏Ⲵ PSInSAR ᢰᵟสҾᰦ䰤ส㓯ᴰ֣Ⲵ৏ࡉˈণ䘹ਆսҾᰦ䰤䐘ᓖѝ䰤Ⲵ

SAR ᖡۿ֌Ѫޡޜѫᖡۿ(Colesanti et al., 2002; Ferretti et al., 2001)ˈ㘼⋑ᴹ㘳㲁ަԆᱮ㪇ᖡ૽ᒢ⎹ۿሩ

⴨ޣᙗⲴオ䰤ส㓯઼ཊᲞं䍘ᗳ仁⦷˗䲿⵰ᢰᵟⲴਁኅˈZhang Hua ㅹӪᨀࠪҶа⿽สҾᰦ䰤઼オ䰤

ส㓯ⲴѫᖡۿՈॆ䘹ਆ㇇⌅(Hua et al., 2005)˗䱸ᕪㅹӪᨀࠪҶᒢ⎹ۿሩⲴ⴨ᒢᙗ⍻ᓖ࠭ᮠˈᒦޕ࣐Ҷ

ཊᲞं䍘ᗳ仁⦷ᐞᖡ૽ഐᆀˈ䙊䗷䇮㖞йњᖡ૽ഐᆀⲴ䰸٬઼䍑⥞〻ᓖˈ䇑㇇ᗇࡠᴰՈѫᖡۿ(䱸ᕪ et 

al., 2008)˗⦻⍂ㅹӪޕ࣐㌫㔏✝ಚ༠઼ᰦ䰤ส㓯Ⲵᆓ㢲ᙗਈॆⲴᖡ૽ˈ䘋а↕ՈॆҶᒢ⎹⴨ሩⲴ⴨ᒢ

ᙗ⍻ᓖ࠭ᮠ(⦻⍂ et al., 2013)ǄоѻࡽสҾ⴨ᒢᙗ⍻ᓖⲴᯩ⌅н਼ˈ䲦⿻俉ㅹӪ࡙ࡉ⭘йส㓯઼ᴰሿⲴ

ᯩ⌅ˈ䘹ਆޡޜѫᖡۿˈަᴰབྷⲴ⢩⛩ቡᱟㆰঅ᰾Ҷˈ䇑㇇䙏ᓖᘛ (䲦⿻俉 and ࡈഭ᷇, 2011)Ǆ 

ᙫⲴᶕ䈤ˈঅаѫᖡۿⲴ㓴ਸㆆ⮕⹄ウ∄䖳ㆰঅǃ䘿ᖫˈޕ࣐Ҷᆓ㢲ᙗਈॆⲴ⴨ᒢᙗ⍻ᓖ࠭ᮠ㜭

ཏᯩׯᘛ䙏ൠ䘹ਆᴰ֣ޡޜѫᖡۿ˗㘼䘉⿽ᒢ⎹മ㖁㔌㔃ᶴㆰঅˈ൘؍䇱ᰦ䰤ᒿࡇᖒਈਟ䀓Ⲵᛵߥл

֯ᗇ৲оⲴᒢ⎹മᴰቁˈ䇑㇇᭸⦷儈˗ᆳⲴ㕪⛩ࡉᱟᰐ⌅┑䏣ᡰᴹᒢ⎹ۿሩⲴ⸝ᰦ䰤઼オ䰤ส㓯Ⲵ䴰

≲ˈഐ↔ਟ㜭ሬ㠤䜘࠶ᒢ⎹മⲴ৫⴨ᒢ⧠䊑ѕ䟽˗⢩࡛ᱟ൘䶎෾ᐲ४ฏⲴ䮯ᰦ䰤䐘ᓖⲴᖒਈ৽╄ѝˈ

⭡ҾӪᐕൠ⢙ቁˈᮓሴ⢩ᙗ䲿ᰦ䰤ਈॆࢗ⛸ˈՊሬ㠤䜘࠶䮯ᰦ䰤ส㓯઼オ䰤ส㓯Ⲵᒢ⎹മᆼޘཡ⴨ᒢˈ

䘋㘼䱽վҶ PS ⍻䟿⛩Ⲵ䍘䟿Ⲵオ䰤࠶ᐳᇶᓖǄ 

 

മ 3-1 অаѫᖡۿᒢ⎹㓴ਸ (Perissin et al., 2012)  
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3.1.2 ཊѫᖡۿ 

ཊѫᖡۿ㓴ਸㆆ⮕оঅаѫᖡۿᴰ᰾ᱮⲴн਼ѻ༴ቡᱟ⇿њ SAR ᖡۿ൷ᴹᡀѪѫᖡۿⲴਟ㜭Ǆ䈕

ㆆ⮕ṩᦞḀ⿽㿴ࡉሶᡰᴹ SAR ᖡۿ䘋㹼єє䝽ሩˈᖒᡀᒢ⎹㓴ਸ㖁㔌˗н਼Ⲵ䝽ሩ㿴ࡉቡՊӗ⭏н਼

Ⲵᒢ⎹മ㓴ਸǄഐ↔൘ཊѫᖡۿ㓴ਸㆆ⮕ѝˈ㿴ࡉⲴࡦᇊቔѪ䟽㾱˗⴨䖳Ҿঅаѫᖡۿ㓴ਸㆆ⮕ᶕ䈤ˈ

ҏᴤѪ༽ᵲǄ 

Ѫ؍䇱ᖒਈਟ䀓 (Sansosti et al., 2010)ˈᒢ⎹മᮠ䟿 M Ⲵ䴰┑䏣ྲлᔿǄഐ↔ˈ൘ཊѫᖡۿⲴ㓴ਸ

ㆆ⮕ѝˈ䘹ਆ㿴ࡉⲴࡦᇊ 

 
� �1

1
2

N N
N M

�
� d d  (3-1) 

ަѝˈNѪ SAR ᖡۿⲴᮠ䟿Ǆ 

ཊѫᖡۿⲴ㓴ਸㆆ⮕䶎ᑨ⚥⍫ˈ䪸ሩн਼Ⲵᮠᦞᛵ઼ߥᓄ⭘䴰≲ˈഭ޵ཆᆖ㘵ቍ䈅Ҷн਼Ⲵᒢ⎹

㓴ਸ䘹ਆᯩ⌅ǄShi Xuguo ㅹӪሩ਼ањᮠᦞ䳶࡛࠶䇮䇑єњᒢ⎹ᆀ䳶˖ањ⭡⸝ᰦ䰤ส㓯઼ѝㅹ䮯ᓖ

Ⲵオ䰤ส㓯Ⲵᒢ⎹മ㓴ᡀˈ⭘Ҿᯠᔪ儈䙏ޜ䐟Ⲵ DEM ՠ䇑˗ањ⭡䮯ᰦ䰤ส㓯઼⸝オ䰤ส㓯Ⲵᒢ⎹

മ㓴ᡀˈ⭘Ҿൠ㺘ᖒਈؑ᚟Ⲵ৽╄ˈ䈕ᯩ⌅ᴹ᭸⎸䲔Ҷ⭡Ҿൠ㺘൏ൠ࡙⭘㊫රਁ⭏ਈॆᕅ䎧Ⲵ DEM

䈟ᐞሩᖒਈ⴨սⲴᖡ૽ (Shi et al., 2014)ǄFattahi ㅹӪѪҶ傼䇱 DEM ↻։䈟ᐞоオ䰤ส㓯Ⲵޣ㌫ˈ䇮

䇑Ҷ䴦オ䰤ส㓯ᒢ⎹㖁㔌ǃᰦ䰤亪ᒿᒢ⎹㖁㔌ǃDelaunay ᒢ⎹㖁㔌ǃሿส㓯ᒢ⎹㖁㔌઼ṁ⣦ᒢ⎹㖁㔌

䇱᰾Ҷ൘ᰦ䰤ᒿࡇ InSAR ѝˈDEM 䈟ᐞⲴᖡۿਆߣҾᒢ⎹㖁㔌Ⲵオ䰤ส㓯඲ⴤ࠶䟿Ⲵᙫ㤳ത㘼нᱟ

Ḁањᒢ⎹മⲴ඲ⴤオ䰤ส㓯 (Fattahi and Amelung, 2013)Ǆ⭡Ҿ䘉Ӌ㓴ਸᴹᇎ䱵ᛵߥⲴ⢩↺ᙗˈн䘲

ਸ䙊⭘઼᧘ᒯˈഐ↔൘䘉䟼н䘋㹼␡ޕⲴ䇘䇪Ǆ 

䙊⭘ᛵߥлⲴᒢ⎹㖁㔌䘹ਆᯩ⌅ᱟӾሿส㓯䳶ᢰᵟᔰ࿻ⲴǄሿส㓯䳶ᯩ⌅ሶᡰᴹ SAR ᮠᦞ㓴ਸᡀ

㤕ᒢњᆀ䳶ˈ֯ᗇᆀ䳶޵䜘Ⲵ SAR ᖡۿѻ䰤ส㓯䐍ሿˈ㘼н਼ᆀ䳶ѻ䰤Ⲵ SAR ᖡۿⲴส㓯䐍བྷ

(Berardino et al., 2002; Lanari et al., 2004)Ǆ䘉⿽ᯩ⌅࡙⭘ᖡ૽৫⴨ᒢⲴйњᖡ૽ഐᆀ˖オ䰤ส㓯඲ⴤ࠶

䟿ǃᰦ䰤ส㓯઼ཊᲞं䍘ᗳ仁⦷ᐞˈ࡛࠶䇮ᇊ䰸٬ˈ䘹ਆオ䰤ǃᰦ䰤ǃཊᲞंส㓯൷ሿҾаᇊᮠ٬Ⲵ

ᒢ⎹ۿሩ (ྲമ 3-2-d ᡰ⽪)Ǆ䈕ᯩ⌅ᘛ䙏ㆰঅˈ㜭ཏᴹ᭸䚯ݽ䘹ਆࡠഐѪオ䰤ส㓯䗷䮯㘼ӗ⭏ѕ䟽Ⲵオ

䰤৫⴨ᒢⲴᒢ⎹മˈབྷབྷ໎࣐Ҷ৲оਾ㔝৽╄Ⲵᒢ⎹മⲴᮠ䟿Ǆնᱟˈ䈕ᯩ⌅൘䖳བྷⲴ䰸٬ᛵߥлˈ

Պ⭏ᡀ䗷ཊⲴᒢ⎹ۿሩˈབྷབྷ໎࣐䇑㇇Ⲵᐕ֌䟿˗㘼൘䖳ሿⲴ䰸٬䇮ᇊлˈ৸ᇩ᱃ӗ⭏ཊњሿส㓯䳶

ѻ䰤⴨ӂ࠶⿫Ⲵᛵߥˈ䘋㘼൘ᰦ䰤ᒿࡇ৽╄ᰦӗ⭏〙ҿ㘼ᰐ⌅ᗇࡠᆼᮤᒿࡇⲴᖒਈؑ᚟ǄѪҶ䀓ߣ䘉

њ䰞仈ˈBerardino ㅹӪ⭘ཷᔲ࠶٬䀓 (Singular Value Decomposition, SVD)ᯩ⌅ሶཊњሿส㓯䳶㚄ਸ䎧

ᶕ䘋㹼≲䀓˗նӪᐕ䈳ᮤᒢ⎹ሩ֯ᗇޘተ䘎䙊Ⲵⴞࡽᴤᑨ㻛ӪԜ֯⭘Ǆ 
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മ 3-2 ཊѫᖡۿᒢ⎹㖁㔌(Fattahi and Amelung, 2013; Shi et al., 2014)  
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StaMPS/MST (Stanford Method for Persistent Scatterers / Multi-Temporal InSAR) ѝ䟷⭘⴨ᒢᙗ⍻ᓖ䰸

٬⌅ (Coherence Threshold, CT) 䘹ਆ儈⴨ᒢⲴᒢ⎹ۿˈ䈕ᯩ⌅ ԕ৫⴨ᒢⲴㆰ᱃⁑ර (Zebker and 

Villasenor, 1992)Ѫส⹰ˈ࡙⭘オ䰤ส㓯඲ⴤ࠶䟿ǃᰦ䰤ส㓯઼ཊᲞं䍘ᗳ仁⦷ᐞᔪ・ᒢ⎹⴨ሩⲴ⴨ᒢ

ᙗՠ䇑࠭ᮠˈᗇࡠᡰᴹਟ㜭ᒢ⎹㓴ਸⲴ⴨ᒢᙗ⍻ᓖˈ❦ਾ䙊䗷䇮ᇊⲴ⴨ᒢᙗ䰸٬ ȡminˈ䘹ਆㅖਸᶑԦ

ᒢ⎹ۿሩ(Hooper, 2008)ˈޜᔿྲл˖ 

1 1 1

total temporal spatial doppler

DC
c c c

DC

FBTf f f
T B F

U U U U

A

A

 

§ ·§ · § ·§ ·§ ·§ ·| � � �¨ ¸¨ ¸ ¨ ¸¨ ¸¨ ¸¨ ¸¨ ¸¨ ¸© ¹© ¹ © ¹ © ¹© ©

�

¹

�

¹

   (3-2) 

ަѝˈ 

� �
, for 1

1, for 1
x x

f x
x
d­

 ® !¯
     (3-3) 

ȡ 㺘⽪⴨ᒢᙗ˗кḷ c 㺘⽪਴৲ᮠѤ⭼٬ˈণḀ亩৲ᮠ䎵䗷↔ᮠ٬ᒢ⎹മቡՊᆼޘཡ⴨ᒢ˗ሩҾᒢᰡ

ൠ४Ⲵ ERS ᮠᦞˈܶ௖=5 years, ܤᄧ௖ =1100 m, ܨ஽஼௖ =1380 HzǄԕкޜᔿ⋑ᴹ㘳㲁䇴ԧഐᆀⲴㅖਧ䰞仈ˈ㘼

ഐᆀⲴ↓䍏ਧਚᱟ⭡Ҿᒢ⎹മѝѫ䖵ᖡۿ亪ᒿⲴਈॆˈᒦнᖡ૽ᴰ㓸Ⲵᒢ⎹㔃᷌˗ণሩҾ਼ањᒢ⎹

㓴ਸѝⲴḀањᒢ⎹മˈਟ㜭Պࠪ⧠(1െ 1)઼((ݔ)݂ + 䙊䗷㔉ˈߥє⿽ᛵ((ݔ)݂ f(x)␫࣐ਆ⁑ㅖਧਟԕ

䀓ߣ䰞仈 (█ᮼ, 2010)ˈ᭩䘋ਾⲴ f(x)Ѫ˖ 

� �
, for 1

1, for 1
x x

f x
x

­ d° ® !°̄
     (3-4) 

᭩䘋ਾⲴ⴨ᒢᙗ⍻ᓖᯩ⌅㜭ཏ䘹ਆ儈⴨ᒢᙗⲴᒢ⎹㓴ਸˈ֯ᗇ䇑㇇㔃᷌ᴤ࣐っڕǄնᱟ઼ሿส㓯䳶ᯩ

⌅аṧˈᆈ൘⵰ᆀ䳶ѻ䰤⴨ӂ⤜・Ⲵ㕪䲧Ǆ 

ѪҶ؍䇱ᒢ⎹മⲴޘተ䘎䙊ˈ൘ CT ᯩ⌅Ⲵᨀਆ㔃᷌Ⲵส⹰кˈሩ⇿ањ SAR ᖡۿ䘹ਆоަ⴨ᒢ

⍻ᓖ٬ᴰབྷⲴᖡۿоѻ㓴ᡀᒢ⎹ሩˈ㘼н䇪䈕ᴰབྷ٬ᱟ੖䗮ࡠѻࡽ䇮ᇊⲴ⴨ᒢᙗ⍻ᓖ䰸٬Ǆնᱟ䈕ᯩ

⌅ᰐ⌅؍䇱㻛䳄⿫Ⲵሿ䳶ਸ޵Ⲵ SAR ᖡۿᡰሩᓄⲴᴰབྷ⴨ᒢ⍻ᓖ SAR ᖡۿҏਟ㜭኎Ҿ䈕ሿ䳶ਸˈӾ

㘼֯ᗇᒢ⎹㖁㔌Ⲵӽ❦⋑ᴹޘተ䘎䙊Ǆ䇠ᡰᴹ SAR ᖡۿ㓴ᡀⲴࠐօѪ Sˈsi Ѫަѝԫ᜿аᲟᖡࡉˈۿ

௜ݏ א ܵ, ݅ = 1,2, …ܰ˗㤕൘⴨ᒢᙗ⍻ᓖ䰸٬⌅ѝˈᡰᴹⲴᒢ⎹ۿሩ㓴ਸ㻛࠶ᡀⲴӂн䘎䙊Ⲵࠐњᆀ䳶ˈ

䇠ަѝањѪ Pˈަवਜ਼Ⲵ SAR ᖡۿ䇠Ѫ sjˈܲ ׫ ܲ஼ = ܵˈn Ѫ P ѝⲴ SAR ᖡۿᮠ䟿Ǆਟ㜭ᆈ൘ྲл

ᛵݏ׊˖ߥ௝ א ܵ, ݅ = 1,2, …݊, оަ⴨ᒢᙗ⍻ᓖᴰབྷ٬ሩᓄⲴ SAR ᖡۿѪݏ௝௖௢௥௥ = max ௦೔݃ݎܽ ቀߩ௦ೕ, ௦೔ቁˈᴹ

௝௖௢௥௥ݏ א ܵǄ↔ᰦᒢ⎹ᆀ䳶 P ӽ❦оަԆᆀ䳶⴨ӂ⤜・ǃӂн䘎᧕Ǆ 
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മ 3-3 ⴨ᒢᙗ⍻ᓖ䰸٬⌅ᒢ⎹㖁㔌 (Hooper, 2008) 

ሿส㓯ᯩ⌅઼⴨ᒢᙗՠ䇑࠭ᮠⲴᯩ⌅䜭ᱟ䙊䗷 SAR ᖡۿѻ䰤Ⲵᡀࠐۿօ৲ᮠᶕՠ㇇ᒢ⎹ሩⲴ⴨ᒢ

ᙗˈ㘼ᴰሿ⭏ᡀṁ (Minimum Spanning Tree, MST) ᯩ⌅ⴤ᧕䙊䗷а㓴㔉ᇊ⛩䳶Ⲵ⴨ᒢ㌫ᮠᒣ൷٬ᶕ㺘

⽪ᒢ⎹ሩⲴ⴨ᒢᙗˈᗇܰࡠ(ܰ െ 1)/2њᒢ⎹㓴ਸⲴ⴨ᒢᙗ⸙䱥ˈ❦ਾ䙊䗷 MST ᩌ㍒ᗇࡠ N-1 њ䘎᧕

ተⲴᒢ⎹മ㖁㔌(Perissin et al., 2007; Perissin and Wang, 2012; Wang et al., 2011)Ǆ䈕ᯩ⌅࡙⭘ᴰቁᮠ䟿ޘ

Ⲵᒢ⎹ۿሩˈ؍䇱Ҷᡰᴹ SAR ᖡۿѻ䰤Ⲵ㚄䙊ˈ֯ᗇ൘ᰦ䰤ᒿࡇᖒਈਟ䀓Ⲵࡽᨀлˈ䗮ࡠ儈⴨ᒢᙗ઼

վ䇑㇇䟿ⲴᣈѝǄо PSInSAR ѝⲴঅаѫᖡۿ㓴ਸᯩ⌅⴨∄ˈMST ᯩ⌅ᡰ⭘Ⲵᒢ⎹മᮠ䟿⴨਼ˈն

ᱟᡰᖒᡀⲴᒢ⎹㖁㔌⴨ᒢᙗᴤ儈ˈᖒਈⲴ䀓㇇ᴤ࣐っڕǄਖཆˈMST Ⲵᯩ⌅ҏਟ䙊䗷䘲ᖃ؞᭩ᶕ໎࣐

ᒢ⎹ሩⲴᮠ䟿(Perissin et al., 2007)Ǆަ㕪⛩ᱟᒢ⎹മⲴ⴨ᒢᙗ⭘а㓴㔉ᇊⲴ⛩䳶Ⲵ⴨ᒢ㌫ᮠᶕԓᴯˈӪ

Ѫഐ㍐䖳ᕪˈф⴨䖳ҾަԆᯩ⌅ᶕ䈤ˈ䇑㇇䟿䖳བྷǄ 

 

മ 3-4 MST ᒢ⎹㖁㔌 (Perissin, 2012) 



 

23 

 

ԕкй⿽ᯩ⌅൷ṩᦞ⴨ᒢᙗᡆ⴨ᒢᙗⲴ⍻ᓖᶕ䘹ਆᒢ⎹ሩ㖁㔌ˈ█ᮼㅹӪࡉᨀࠪа⿽㚊㊫᷀࠶Ⲵ

ᯩ⌅⭘Ҿᒢ⎹ۿሩⲴ䘹ਆǄ䈕ᯩ⌅䙊䗷䘹ᤙਸ䘲Ⲵ৫⴨ᒢഐ㍐ᶴᔪ⢩ᖱオ䰤ˈሶᡰᴹⲴᒢ⎹㓴ਸⲴ⢩

ᖱᣅሴࡠ䈕⢩ᖱオ䰤ˈӾ㘼ሶᒢ⎹ۿሩⲴ䘹ਆ䰞仈䖜ᦒѪҶ⢩ᖱオ䰤кⲴ㚊㊫䰞仈ˈ❦ਾ䇮䇑⴨ᓄⲴ

㚊㊫㇇⌅ᇎ⧠ᒢ⎹ۿሩⲴ䘹ਆ(█ᮼ and 㡂ᆱ, 2010)Ǆ 

 

മ 3-5 ⢩ᖱオ䰤㚊㊫ (█ᮼ, 2010) 
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3.2 ᭩䘋Ⲵᒢ⎹㖁㔌㓴ਸᯩ⌅ 

൘䮯ᰦ䰤ᒿࡇⲴ䴧䗮ᒢ⎹ᮠᦞ༴⨶ѝˈѪҶᴰ㓸ᖒਈؑ᚟Ⲵᡀ࣏৽╄ˈᒢ⎹㓴ਸⲴ䘹ਆ䴰؍䇱ԕ

лࠐ⛩˖ 

 ˗Ⲵᖒਈؑ᚟ਟ䀓޵ተᰦ䰤㤳തޘ (1

2) ൘нᱮ㪇ᖡ૽䇑㇇᭸⦷Ⲵᛵߥлˈቭਟ㜭ཊൠ䘹ਆ儈⴨ᒢᙗⲴᒢ⎹മ৲оᖒਈ৽╄˗ 

3) ቭਟ㜭߶⺞ൠՠ䇑ᒢ⎹മⲴ⴨ᒢᙗǄ 

ަѝˈㅜ 3 ⛩ᱟㅜ 2 ⛩Ⲵส⹰Ǆ 

สҾԕкйњ৏ࡉˈ㔃ਸⴞࡽ਴⿽ᒢ⎹㖁㔌㓴ਸᯩ⌅ⲴՈ⛩ˈᵜ᮷ᨀࠪа⿽ᯠⲴཊѫᖡۿⲴᒢ⎹

㖁㔌䘹ਆᯩ⌅ǄѪҶᴤ࣐߶⺞ൠՠ䇑⴨ᒢᙗˈӾ৫⴨ᒢ⁑රࠪਁˈᗇࡠ䴧䗮ؑਧѻ䰤Ⲵ⴨ᒢᙗоオ䰤

ส㓯඲ⴤ࠶䟿ǃᰦ䰤ส㓯઼ཊᲞं䍘ᗳ仁⦷йњᖡ૽ഐᆀⲴޣ㌫˗൘ᒢ⎹മⲴ䘎䙊ᯩ⌅кˈ㔬ਸ࡙⭘

MST ઼⴨ᒢᙗ⍻ᓖ䰸٬ (CT) є⿽ᯩ⌅Ⲵ䘹ਆㆆ⮕ˈ┑䏣Ҷޘተᰦ䰤ᒿࡇᖒਈਟ䀓઼儈⴨ᒢᙗᒢ⎹മ

Ⲵ㾱≲Ǆ 

3.2.1 ⴨ᒢᙗ⍻ᓖ⁑ර 

䴧䗮എ⌒ؑਧѻ䰤Ⲵ⴨ᒢᙗнӵਆߣҾ㿲⍻ൠ⢙ᵜ䓛Ⲵ኎ᙗˈҏՊਇࡠՐᝏಘ൘є⅑㿲⍻ᰦࠐօ

 ˖௧௢௧௔௟ਟ㺘⽪Ѫ(Zebker and Villasenor, 1992)ߩ㌫઼Ր㔏ᵜ䓛Ⲵ㌫㔏✝ಚ༠Ⲵᖡ૽ˈަᙫⲴ⴨ᒢᙗޣ

 
total temporal geometric thermal

temporal spatial rotation thermal

U U U U

U U U U

� �

� � �

 
 (3-5) 

ަѝˈȡ 㺘⽪⴨ᒢᙗ˗ᡀࠐۿօ৫⴨ᒢߩ௚௘௢௠௘௧௥௜௖ वᤜ䐍⿫ᯩੁк⭡Ҿᒢ⎹ᖡۿѻ䰤䴧䗮⌒ᶏⲴн਼ޕ

ሴ䀂ӗ⭏Ⲵオ䰤ส㓯৫⴨ᒢߩ௦௣௔௧௜௔௟઼ᯩսੁк⭡Ҿൠ⢙⴨ሩ䴧䗮➗ሴᯩੁ᯻䖜㘼ӗ⭏Ⲵ᯻䖜৫⴨ᒢ

 ௗ௢௣௣௟௘௥ (Hooper, 2006)Ǆߩ௥௢௧௔௧௜௢௡ˈҏ㻛ᡀѪཊᲞं䍘ᗳ৫⴨ᒢߩ

A. ㌫㔏✝ಚ༠৫⴨ᒢ 

㌫㔏✝ಚ༠ѫ㾱ਇՐᝏಘ⢩ᖱˈྲཙ㓯໎⳺ㅹⲴᖡ૽ˈަ৫⴨ᒢᖡ૽ਟ⭡ؑಚ∄ (Signal-to-Noise 

Ratio, SNR)ᶕ㺘⽪(Zebker and Villasenor, 1992)˖ 

1

1
1thermal SNR

U � 
�

     (3-6) 
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ሩҾപᇊ⁑ᔿⲴছᱏՐᝏಘˈSNR ਟԕ㿶Ѫањᑨᮠˈ∄ྲ ERS-1/2 Ⲵ SNR ٬Ѫ 11.7 (Zebker et 

al., 1994)ˈEnvisat-ASAR ൘ Stripmap I2 ⁑ᔿлⲴ SNR Ѫ 19.5 (Guarnieri, 2013)Ǆ 

B. オ䰤ส㓯৫⴨ᒢ 

ᒢ⎹ۿሩ൘䐍⿫ੁ઼ㄆⴤᯩੁ㓴ᡀⲴᒣ䶒кⲴࠐօޣ㌫ྲമ 3-6 ᡰ⽪ˈަѝ A1ǃA2 єњཙ㓯ሩ

ൠ䶒к਼а⛩࡛࠶ԕޕሴ䀂 ș1 ઼ ș2 䘋㹼㿲⍻˗䇠ᯩսੁкⲴ䐍⿫Ѫ xˈൠ䐍ੁкⲴ䐍⿫䇠Ѫ y˗Րᝏ

ಘࡠൠ䶒ݳۿѝᗳⲴ䐍⿫Ѫ rǄ⭡Ҿє⅑㿲⍻Ⲵޕሴ䀂н਼ˈ䴧䗮ؑਧ൘䐍⿫ੁൠ⢙仁䉡ᣅᖡࡠᮠᦞ

仁䉡ᰦՊӗ⭏〫ٿˈӗ⭏৫⴨ᒢˈަޣ㌫ਟ㺘䗮Ѫ (Zebker and Villasenor, 1992)˖ 

2
1

2
1

y
spatial

y

cos R

cos B R
r

T GT
U

O
T
O

A

 �

 �

     (3-7) 

ᔿѝˈܴ௬㺘⽪ՐᝏಘⲴ䐍⿫ੁオ䰤࠶䗘⦷ˈȜ Ѫ䴧䗮⌒䮯ˈୄܤ㺘⽪オ䰤ส㓯඲ⴤ࠶䟿Ǆᖃୄܤ䗮ࡠᴰབྷ

Ѥ⭼ୄܤ٬௖ᰦˈߩ௦௣௔௧௜௔௟ਆᴰሿ٬䴦ˈণєᑵᖡۿᆼޘཡ⴨ᒢˈ↔ᰦᴹ (Zebker and Villasenor, 1992)˖ 

2
yc

y

rB tanrB
cos R c

O TO
TA       (3-8) 

ᔿѝˈc 㺘⽪ݹ䙏ǄሩҾ ERS-1/2 ᶕ䈤ˈୄܤ௖=1100 m˗ሩҾ Envisat-ASAR Stripmap I2 ᮠᦞᶕ䈤ˈ

 ௖=1066 mǄୄܤ

 

മ 3-6 ᒢ⎹ۿሩⲴࠐօᡀޣۿ㌫ (Zebker & Villasenor, 1992) 

 ˖ᔿ(3-7)ਟ㺘⽪Ѫޜࡉˈᔿ(3-4)઼(3-8)ޜ⭘࡙

Yunjun Zhang
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1spatial c

Bf
B

U A

A

§ ·
 � ¨ ¸

© ¹
     (3-9) 

C. ᯩսੁ᯻䖜৫⴨ᒢ 

ᯩսੁ᯻䖜৫⴨ᒢˈҏਛཊᲞं䍘ᗳ৫⴨ᒢˈᆳᱟ⭡Ҿ䴧䗮൘є⅑㿲⍻ᯩսੁкᯌ㿶䀂 (Squint 

Angle)Ⲵᐞᔲˈ֯ᗇൠ⢙⴨ሩҾ䴧䗮⌒ᶏ➗ሴᯩ⌅ਁ⭏᯻䖜ˈ㘼ӗ⭏Ⲵ˗⽪᜿മྲл˖ 

 

മ 3-7 ൠ⢙⴨ሩҾ䴧䗮➗ሴᯩੁ᯻䖜 ᗇᮓሴѝᗳӾ֯ˈࢥ x Ҷࡠ〫ࣘ o (Zebker and Villasenor, 1992) 

䘉⿽ᯌ㿶䀂Ⲵਈॆ൘ SAR ᖡۿⲴᯩսੁкӗ⭏ཊᲞं䍘ᗳ仁⦷Ⲵ〫ٿˈ֯ᗇєᲟᖡۿⲴཊᲞं仁

⦷нᆼޘ䟽ਐˈᖃᯌ㿶䀂Ⲵᐞᔲ䗮ࡠѤ⭼٬ˈ֯ᗇཊᲞं䍘ᗳ仁⦷ᐞᔲܨ஽஼䎵䗷ᖡᯩۿսੁкⲴᮠᦞᑖ

ᇭܤ௔௭ᰦˈᒢ⎹ۿሩቡՊᆼޘཡ⴨ᒢˈަޣ㌫ਟ⭘лᔿ㺘⽪ (Butterworth, 2008; Elachi and Van Zyl, 2006; 

Zebker and Villasenor, 1992; █ᮼ, 2010)˖ 

2
1

1

x
rotation

DC

az

sin d R

Ff
B

T I
U

O
 �

§ ·
 � ¨ ¸

© ¹

    (3-10) 

ᔿѝˈܴ௫㺘⽪ՐᝏಘⲴᯩսੁオ䰤࠶䗘⦷ˈࢥ 㺘⽪ᯌ㿶䀂Ǆ䲿⵰Րᝏಘࡦ䙐ᐕ㢪ⲴਁኅˈⴞࡽⲴѫ⍱

SAR Րᝏಘ൘਼а⁑ᔿлⲴܨ஽஼䖳ሿˈഐ↔⭡ަ㓴ᡀⲴᒢ⎹ۿሩਇᯩսੁ᯻䖜৫⴨ᒢᖡ૽䖳ሿǄሩҾ

Envisat-ASAR Stripmap I2 ᮠᦞˈBaz=1316 HzǄ 

D. ᰦ䰤৫⴨ᒢ 

ᡀۿ४ൠ⢙䲿⵰ᰦ䰤Ⲵਈॆǃൠ㺘Ⲵ䘀ࣘˈަᮓሴ⢩ᙗՊਁ⭏ਈॆ˗є⅑㿲⍻ᰦˈ⭡Ҿབྷ≄㘼ӗ

⭏Ⲵ䴧䗮ؑਧᔦ䘏⴨սҏн਼а㠤˗䘉Ӌᮓሴⴞḷ൘䟽༽䖘䚃є⅑㿲⍻ᵏ䰤Ⲵਈॆˈ䜭Պӗ⭏ᰦ䰤৫

⴨ᒢǄሩҾ≤փ㘼䀰ˈ⭡Ҿ㺘䶒ᰦ࡫ਈॆˈަ⴨ᒢᰦ䰤ਚᴹࠐॱᗞ。ˈਚᴹᵪ䖭Ⲵᒢ⎹ᡀۿ䴧䗮᡽㜭
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ᗇࡠ儈⴨ᒢⲴᒢ⎹ᖡۿ˗ሩҾߌ֌⢙ᔰූ४ᡆ㘵Ἵ㻛㾶ⴆ४ฏˈ⭡ҾἽ㻛㠚䓛⭏䮯ᛵߥⲴᐞᔲˈަ⴨

ᒢᰦ䰤ਟѪᮠሿᰦࡠᮠཙˈф⴨ᒢᙗਇ⧟ຳഐᆀ (䴘䴚ǃ⑙ᓖㅹ)઼Ӫ㊫⍫ࣘ (൏ൠ㘫ූ)Ⲵᖡ૽ᖸབྷ˗

㘼ሩҾ㼨䵢ዙ⸣ᡆ㘵Ӫᐕᔪㆁ⢙㘼䀰ˈަ㠚䓛ᮓሴ⢩ᙗ䶎ᑨっᇊњˈ൘䮯䗮ᮠᒤⲴᰦ䰤䐘ᓖ޵ҏ㜭؍

ᤱ儈⴨ᒢᙗ(䱸ᇼ嗉 et al., 2013)ǄሩҾൠ⢙Ⲵᮓሴ⢩ᙗਈॆˈਟԕ䪸ሩᓄ⭘Ⲵ䴰≲ᔪ・亴⍻ᙗⲴ⁑රᶕ

㺘䗮ᰦ䰤৫⴨ᒢ䲿ᰦ䰤Ⲵਈॆˈն䘉䜘޵࠶ᇩሶ⮉൘ਾᵏⲴᐕ֌䘋㹼ǄสҾ䙊⭘ᙗⲴ䴰≲ˈਟ䇔Ѫ਼

а⿽㊫රⲴൠ⢙䲿⵰ᰦ䰤䐘ᓖⲴ໎࣐ˈ൘䮯ᰦ䰤㤳ത޵ˈަ⴨ᒢᙗՊ੸⧠䱽վⲴ䎻࣯Ǆഐ↔ˈਟԕሶ

ᰦ䰤৫⴨ᒢ⭘㓿傼ޜᔿ㺘䗮Ѫ˖ 

1temporal c

T
T

fU § · � ¨ ¸
© ¹

    (3-11) 

ᔿѝˈTcѪᰦ䰤ส㓯ⲴѤ⭼٬ǄሩҾᒢᰡൠ४Ⲵ C ⌒⇥ SAR ᖡۿˈTc=5 years (Hooper, 2006)Ǆ 

ᙫ㔃ԕк᷀࠶ˈSAR മۿѻ䰤Ⲵ⴨ᒢᙗਟԕ㺘⽪Ѫ˖ 

1

1 1 1 1
1

total temporal spatial rotation thermal

DC
c

az
c

FBf f f
SNR B B

T
T

U U U U U

A
�

A

 

§ ·§ · § ·§ · § ·§ ·� � � � � �¨ ¸¨ ¸ ¨ ¸¨ ¸ ¨ ¸¨ ¸¨ ¸ ¨ ¸� © ¹© ¹© ¹ ©

� �
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  (3-12) 

3.2.2 ᒢ⎹㖁㔌Ⲵ䘹ਆ 

⴨ᒢᙗ⍻ᓖ⁑ර䀓ߣҶᒢ⎹㖁㔌䘹ਆⲴㅜ 3 ⛩㾱≲˗ㅜ 1ǃ2 ⛩㾱≲ࡉ䙊䗷ਾ㔝Ⲵᒢ⎹ۿሩⲴ䘹ਆ

㿴ࡉᶕ䗮ࡠǄṩᦞ⴨ᒢᙗ⍻ᓖ⁑රˈਟԕ䇑㇇ᗇࡠԫ᜿єᑵ SAR ᖡۿѻ䰤Ⲵ⴨ᒢᙗ⍻ᓖ˗ሶᡰᴹਟ㜭

㓴ਸⲴᒢ⎹ۿሩⲴ⴨ᒢᙗ⍻ᓖ㓴ਸˈਟԕᗇࡠањܰ ή ܰབྷሿⲴ⴨ᒢᙗ⍻ᓖ⸙䱥 P (ਾ䶒ㆰ〠Ѫ⴨ᒢ⸙

䱥)ˈྲлᡰ⽪˖ 

11 12 1

21 22 2

1 2

N

N

N N NN

P

U U U
U U U

U U U

ª º
« »
« » 
« »
« »
¬ ¼

"
"

# # % #
"

    (3-13) 

ᔿѝˈߩ௜௝ণ㺘⽪ㅜ i, j ᑵᖡۿ㓴ᡀⲴᒢ⎹മⲴ⴨ᒢᙗ⍻ᓖ˗䈕⸙䱥ሩ䀂㓯кⲴᡰᴹݳ㍐ߩ௜,௜  (݅ =
1,2, … ,ܰ)Ⲵ٬൷Ѫ 1ˈഐѪമۿоަᵜ䓛ѻ䰤⋑ᴹ৫⴨ᒢ⧠䊑˗㘼䲔ሩ䀂㓯ཆⲴަԆݳ㍐Ⲵ٬൷Ѫ[0, 

1]ѻ䰤Ⲵᇎᮠ˗⭡Ҿㅜ i, j ᑵᖡۿѻ䰤Ⲵ⴨ᒢᙗоㅜ j, i ᑵᖡۿⲴ⴨਼ˈᡰԕ䈕⴨ᒢ⸙䱥Ѫሩ〠⸙䱥Ǆ

ᆳवਜ਼Ҷᡰᴹਟ㜭Ⲵ SAR ᖡۿ㓴ਸˈྲമ 3-8 ᡰ⽪Ǆ 
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മ 3-8 ᡰᴹਟ㜭Ⲵᒢ⎹മ㓴ਸ (Perissin et al., 2007) 

࡙⭘⴨ᒢ⸙䱥 PˈཊѫᖡۿⲴᒢ⎹㖁㔌䘹ਆ䰞仈ਟԕ䖜ᦒᡀѪᑖᵳⲴᰐੁ㖁㔌മѝⲴ䐟ᖴᩌ㍒䰞

仈˖ԕањ㢲⛩㺘⽪ SAR ᖡۿˈєᑵᖡۿѻ䰤Ⲵ䘎㓯㺘⽪ᒢ⎹༴⨶ˈᶴᡀമкⲴаᶑ䗩ˈަ⴨ᒢᙗ⍻

ᓖণѪ䗩Ⲵᵳ䟽˗⭡Ҿᒢ⎹༴⨶оᯩੁᰐޣˈᡰԕᖒᡀҶањᰐੁമǄ㘼ᒢ⎹㖁㔌䘹ਆⲴㅜ 1ǃ2 ⛩৏

 ˖ਟ䟽ᯠ䀓䟺Ѫࡉ

1) ᰐੁമⲴޘተ䘎䙊ᙗ˗ 

2) ൘䘎᧕䗩ᮠ䟿㔉ᇊᛵߥлˈ֯ᗇ䘎᧕䗩Ⲵᵳ䟽ᴰབྷॆǄ 

ሩҾާᴹ N њ㢲⛩Ⲵ䘎䙊മˈᴰቁާᴹ N-1 ᶑ䗩ˈਟ࡙⭘ᴰሿ⭏ᡀṁ (Minimum Spanning Tree, 

MST)㇇⌅䘹ᤙᵳ䟽ᴰབྷⲴ䘎᧕䐟ᖴˈާփᇎ⧠ᰦˈሶ⴨ᒢᙗ⍻ᓖਆقᮠˈࡉ⭘ MST ᩌ㍒ᗇࡠⲴᴰሿ

䘎䙊മᡰਜ਼Ⲵ䗩ণѪ⭘ N-1 ᶑ䗩֯ᗇޘተ䘎䙊лᡰ㜭वਜ਼Ⲵᴰབྷ⴨ᒢᙗᙫ઼Ǆᵜ᮷֯⭘ MST Ⲵ Prim

㇇⌅ᶕᩌ㍒⭡⴨ᒢ⸙䱥Ⲵݳ㍐٬ⲴقᮠᶴᡀⲴᴰሿᵳ䟽⭏ᡀṁˈަ䘹ਆⲴ䘎᧕䗩ᡰሩᓄⲴᒢ⎹㓴ਸণ

Ѫ MST ᯩ⌅ᡰ䘹Ⲵᒢ⎹ۿሩ㓴ਸǄ 

ѪҶ䘋а↕໎࣐儈⴨ᒢᙗⲴᒢ⎹മⲴᮠ䟿ˈਟ䙊䗷䰸٬⌅ᶕ䘹ᤙᡰᴹ┑䏣Ḁа䰸٬ᶑԦⲴᒢ⎹ۿ

ሩ㓴ਸ˗ѪҶ㇇⌅ᇎ⧠Ⲵㆰঅॆˈሶ㔉ᇊᒢ⎹മᮠ䟿Ⲵ㓖ᶏᶑԦ䖜ᦒѪ㔉ᇊ⴨ᒢᙗ䰸٬ˈㅜ 2 ⛩㾱≲

ণѪṩᦞ⴨ᒢ⸙䱥ˈ䙊䗷䰸٬⌅䘹ਆᡰᴹ⴨ᒢᙗ⍻ᓖབྷҾᡆㅹҾḀа䰸٬Ⲵᒢ⎹ۿሩˈ㓴ᡀᒢ⎹㖁㔌

Ⲵḷ䇠⸙䱥 IFGˈণ˖ 

11 12 1

21 22 2

1 2

N

N

N N NN

ifg ifg ifg
ifg ifg ifg

ifg
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i ifg
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ª º
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« »
« »
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"
"
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"

    (3-14) 
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1,
0,

c
ij

ij c
ij

ifg
U U
U U

­ d° ® !°̄
     (3-15) 

ᔿѝˈȡcণѪ䇮ᇊⲴ⴨ᒢᙗ⍻ᓖ䰸٬Ǆ 

ѪҶ䘋а↕໎࣐ᰦオ㖁㔌䀓㕐Ⲵっڕᙗˈ䙊䗷 Delaunay й䀂㖁ˈሩޘተⲴᒢ⎹㓴ਸ൷र࣐ᇶǄ⭡

Ҿ Delaunay й䀂㖁Պ䘹ਆൠ⴨ᒢᙗᒢ⎹മˈഐ↔䴰㾱䇮ᇊањ䰸٬ˈ䚯ݽվ⴨ᒢᒢ⎹മᕅޕಚ༠Ǆ൘

ѻࡽⲴสҾ⴨ᒢᙗ⍻ᓖⲴ䰸٬⌅ѝˈᐢ㓿䘹ਆҶᡰᴹ┑䏣⴨ᒢᙗ䰸٬Ⲵᒢ⎹㓴ਸˈф䈕٬а㡜䖳儈 

(>0.7)ˈഐ↔൘ Delaunay й䀂㖁ᯩ⌅ѝˈሶ⴨ᒢᙗ䰸٬䱽վаᇊ䟿٬ˈྲ 0.3Ǆ 

ᴰਾˈሶԕкй⿽ᯩ⌅䘹ਆⲴᒢ⎹ۿሩ㓴ਸ৫ᒦ䳶ˈণᗇࡠᵜ᮷ᴰ㓸䘹ᇊⲴᒢ⎹㖁㔌Ǆ 

3.3 㔃᷌о䇘䇪 

3.3.1 ᇎ傼४ӻ㓽оᮠᦞ 

ᵜ᮷䘹ਆҶᶝᐎൠ४ 2006-2010 ᒤⲴ 31 Ჟ Envisat ASAR Image Mode Stripmap I2 ⁑ᔿⲴॷ䖘ᮠᦞˈᶕ

傼䇱ᒢ⎹㖁㔌䘹ਆᯩ⌅Ⲵᴹ᭸ᙗǄᇎ傼४Ⲵ㤳തѪ˖82 km × 60 km (͵ͲιͲ͵Ԣ͵Ͳ̶�̚͵ͲιʹͷԢͲͲ̶�,  
ͳʹͲιͲͶԢͲͲ̶�~ͳʹͲιͶ͹Ԣ͵Ͳ̶ �)ˈྲമ 3-9 ᡰ⽪Ǆ䈕४ൠ༴䮯⊏й䀂⍢ই⋯઼䫡ຈ⊏⍱ฏл⑨ˈьѤᶝᐎ

⒮ˈ䫡ຈ⊏Ӿ㾯ইੁьेᯩੁ⍱㓿ᮤњᇎ傼४㤳തǄᶝᐎᐲ኎ӊ✝ᑖᆓ仾≄ߜˈى༿ᆓ仾Ӕᴯ᰾ᱮˈ

ഋᆓ࠶᰾ˈ䱽≤઼ᰕ➗ݵ䏣Ǆ༿ᆓ⚾✝⒯⏖ˈߜᆓࡉ䱤ߧ▞⒯˗ᒤᒣ൷≄⑙ 15~17ćˈޘᒤаᴸԭᴰ

ᒣ൷≄⑙ˈߧ 3~5ć˗гᴸԭᴰ✝ˈᒣ൷≄⑙ 27~30ćǄ䈕ൠ४䱽≤ݵ䏣ˈޘᒤᒣ൷䱽≤䟿ࡠ

1100~1600mmˈѫ㾱䳶ѝ൘ 3 ᴸ㠣 9 ᴸˈᒤᒣ൷䱽䴘ᰕᮠ䗮 151.9 ཙ (Wikipedia, 2013)Ǆԕ 2009 ᒤ 1
ᴸ 29 ᰕ㧧ਆⲴ SAR ᖡۿѪส߶ˈࡉᡰᴹᖡۿⲴสᵜ৲ᮠྲ㺘 3-1 ᡰ⽪Ǆ 

 

മ 3-9 ᇎ傼४⽪᜿മ  



 

30 

 

㺘 3-1 ᶝᐎൠ४ Envisat ASAR Stripmap I2 ⁑ᔿᮠᦞ৲ᮠ 

ᒿࡇਧ ᡀۿᰕᵏ 䖘䚃 Bĵ/m T/d FDC/Hz SNR 
1 2006-01-05 20133 1175.1 -1120 11.32 19.5 
2 2006-02-09 20634 630.9 -1085 5.51 19.5 
3 2006-03-16 21135 871.1 -1050 1.15 19.5 
4 2006-04-20 21636 -336.7 -1015 3.08 19.5 
5 2006-05-25 22137 439.5 -980 -0.43 19.5 
6 2006-12-21 25143 585.9 -770 -20.36 19.5 
7 2007-03-01 26145 120.5 -700 1.21 19.5 
8 2007-05-10 27147 153.3 -630 7.64 19.5 
9 2007-08-23 28650 432 -525 10.62 19.5 

10 2007-11-01 29652 260.4 -455 4.59 19.5 
11 2007-12-06 30153 -126.2 -420 -9.09 19.5 
12 2008-02-14 31155 -15.5 -350 1.84 19.5 
13 2008-03-20 31656 355.3 -315 6.85 19.5 
14 2008-04-24 32157 300.6 -280 5.13 19.5 
15 2008-05-29 32658 319.5 -245 6.53 19.5 
16 2008-07-03 33159 -37.8 -210 -2 19.5 
17 2008-08-07 33660 350.8 -175 3.3 19.5 
18 2008-09-11 34161 -47.6 -140 8.56 19.5 
19 2008-10-16 34662 165.4 -105 7.04 19.5 
20 2008-11-20 35163 -179.4 -70 3.05 19.5 
21 2008-12-25 35664 151.3 -35 6.73 19.5 
22 2009-01-29 36165 0 0 0 19.5 
23 2009-03-05 36666 209.8 35 5.7 19.5 
24 2009-04-09 37167 -140.9 70 6.59 19.5 
25 2009-05-14 37668 118.4 105 8.59 19.5 
26 2009-06-18 38169 -104.4 140 7.89 19.5 
27 2009-07-23 38670 285.5 175 -1.73 19.5 
28 2009-08-27 39171 390.6 210 15.09 19.5 
29 2009-10-01 39672 -218.2 245 6.58 19.5 
30 2009-12-10 40674 3.8 315 -2.11 19.5 
31 2010-01-14 41175 138.8 350 5.57 19.5 
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3.3.2 ᇎ傼㔃᷌о䇘䇪 

ṩᦞ Envisat ASAR Րᝏಘ৲ᮠˈ㇇ᗇᵜ⅑ᡰ⭘ᮠᦞ䳶Ⲵ SNR=19.5ˈオ䰤ส㓯඲ⴤ࠶䟿Ѥ⭼٬

௖=1066 mˈᯩսੁ仁䉡ᑖᇭୄܤ Baz=1316 Hz˗ᒦ䇮ᇊ䈕ᇎ傼४Ⲵᰦ䰤ส㓯Ѥ⭼٬ Tc=1500 daysǄ❦ਾṩ

ᦞޜᔿ(3-12)ᗇࡠ 31*31 བྷሿⲴ⴨ᒢ⸙䱥ˈྲമ 3-10 (a)ᡰ⽪˖ѫሩ䀂㓯кݳ㍐㺘⽪Ⲵᱟ SAR ᖡۿоަ

㠚䓛䘋㹼ᒢ⎹༴⨶ˈᡰԕ⴨ᒢᙗ䶎ᑨ儈Ǆ㘼ᡰᴹਟ㜭Ⲵᒢ⎹㓴ਸ㿱മ 3-10 (b)ˈṩᦞޜᔿ(3-1)䇑㇇ਟ⸕ˈ

ᴹޡ 930 њᒢ⎹㓴ਸ˗ѪҶᴤྭൠ∄䖳਴⿽ᯩ⌅ѻ䰤Ⲵ᭸᷌ˈṩᦞ㔏аⲴḷ߶䇑㇇⇿њᒢ⎹ۿሩⲴ⴨

ᒢᙗ⍻ᓖˈᒦሶަ⭘㓯ᶑⲴ仌㢢ኅ⽪ࠪᶕǄྲ᷌ቡ֯⭘䘉Ӌᒢ⎹മ⭘Ҿਾ㔝Ⲵᖒਈ৽╄䇑㇇ˈнӵ䇑

㇇ᐕ֌䟿䶎ᑨᐘབྷˈབྷ䟿Ⲵվ⴨ᒢⲴᒢ⎹മҏՊᑖᶕབྷ䟿Ⲵಚ༠ˈѕ䟽ᖡۿᴰ㓸Ⲵ৽╄㋮ᓖˈ䘉ҏ޽

⅑䈤᰾Ҷ൘ᰦ䰤ᒿࡇ InSAR ༴⨶ѝᴹ᭸䘹ਆ儈⴨ᒢⲴᒢ⎹㖁㔌Ⲵ䟽㾱ᙗǄ 

  

മ 3-10  (a) ⴨ᒢ⸙䱥     (b) ᡰᴹਟ㜭ᒢ⎹㓴ਸ (930 ሩᒢ⎹ሩ) 

 

অаѫᖡۿ㓴ਸㆆ⮕ާᴹᱏ⣦Ⲵިරཆᖒˈަᒢ⎹㖁㔌䘹ਆ㔃᷌ྲമ 3-11 (a)ᡰ⽪ˈޡ䘹ਆҶ 30

ሩᒢ⎹ۿሩǄ⭡മਟ⸕˖䈕ᯩ⌅൘⸝ᰦ䰤㤳ത޵ˈ㜭ཏ䘹ਆ䖳儈⴨ᒢᙗⲴᒢ⎹ۿሩˈնᱟᖃᰦ䰤ส㓯

䗷䮯 (䎵䗷ᰦ䰤ส㓯Ѥ⭼٬)ᰦˈᰦ䰤৫⴨ᒢⲴᖡ૽ቡՊ䶎ᑨѕ䟽 (൘↔䇘䇪Ⲵ⴨ᒢᙗᱟӾޘተオ䰤㤳ത

 ᐳ䶎ᑨᴹ䲀ǃնᮓሴ⢩ᙗᕪ㘼っᇊ≨ѵᮓሴփ)Ǆ࠶㘳㲁Ⲵˈᒦнᱟӵӵተ䲀Ҿᮠ䟿޵

൘ᴰབྷᰦ䰤ส㓯Ѫ 900 ཙˈᴰབྷオ䰤ส㓯Ѫ 200 m Ⲵ㓖ᶏᛵߥлˈሿส㓯䳶ᯩ⌅䘹ਆᗇࡠⲴᒢ⎹

㖁㔌㓴ਸ㔃᷌ྲമ 3-11 (b)ᡰ⽪ˈޡ䘹ਆҶ 318 ᶑᒢ⎹ۿሩǄ⴨∄䖳Ҿঅаѫᖡۿㆆ⮕ˈ䈕ᯩ⌅䘹ਆⲴ

ᒢ⎹മⲴ⴨ᒢᙗᴹ᰾ᱮᨀ儈ˈᒢ⎹മⲴᮠ䟿ҏབྷབྷ໎࣐ˈн䗷䇑㇇ᐕ֌䟿ӽ❦ᖸབྷ˗䜘࠶ SAR ᖡۿⲴ

⭡ҾоަԆᖡۿⲴオ䰤ส㓯䐍⿫䗷བྷˈ㘼㻛࠶⿫ᔰᶕˈњ࡛ SAR ᖡۿ⭊㠣⋑ᴹ઼ԫօަԆᖡۿ㓴ᡀᒢ

⎹ሩ˗䘉䘍㛼Ҷᒢ⎹㓴ਸⲴㅜ 1 ⛩৏ࡉǄ 
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മ 3-11 (a) Ѫঅаѫᖡۿᒢ⎹㖁㔌 (PSInSAR)ˈޡ䘹ਆҶ 30 ሩᒢ⎹ሩǄ(b)Ѫ ሿส㓯䳶ᒢ⎹㖁㔌 (SBAS)ˈᰦ䰤ส㓯䰸

٬Ѫ 900 ཙˈオ䰤ส㓯䰸٬Ѫ 200 ㊣ˈᴰ㓸䘹ਆҶ 318 ሩᒢ⎹ۿሩ 

  
മ 3-12 (a) StaMPS/MTI, ȡmin=0.6ˈ144 ሩᒢ⎹ሩ       (b) StaMPS/MTI, ȡmin=0.7, 72 ሩᒢ⎹ሩ 

  

    മ 3-13 (a) MSTˈ30 ሩᒢ⎹ሩ   (b) MST+CT+DT, ȡmin=0.75ˈ80 ሩᒢ⎹ሩ 
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StaMPS/MTI ᯩ⌅Ⲵ䘹ਆ㔃᷌ྲ മ 3-12 ᡰ⽪ˈަѝˈമ(a)Ѫᴰሿ⴨ᒢᙗ䰸٬䇮Ѫ 0.6 ᰦⲴ䘹ਆ㔃

䘹ਆҶޡˈ᷌ 144 ሩᒢ⎹ۿሩ˗മ(b)Ѫ䰸٬ 0.7 ᰦⲴ䘀㹼㔃᷌ˈޡ䘹ਆҶ 72 ᶑᒢ⎹ۿሩǄሩ∄മ 3-12

઼മ 3-11 ਟ⸕ˈStaMPS/MTI ᯩ⌅䘹ਆⲴᒢ⎹മ⴨ᒢᙗᴤ儈ˈ䙊䗷䇮㖞н਼Ⲵ⴨ᒢᙗ䰸٬ˈᒢ⎹മⲴ

ᮠ䟿ҏ㜭᧗ࡦ൘ањਟԕ᧕ਇⲴ㤳ത޵Ǆնᱟྲ 3.1.2 ѝⲴ䇪䘠ᡰ䀰ˈ䈕ᯩ⌅ᰐ⌅؍䇱ᒢ⎹㖁㔌Ⲵޘተ

䘎䙊ᙗˈ⢩࡛ᱟ⴨ᒢᙗ䰸٬䇮㖞Ⲵ䖳儈ˈ∄ྲ 0.7 ԕкᰦˈഐѪᴤቁᮠ䟿Ⲵᒢ⎹മ֯ᗇᒢ⎹㓴ਸᶴᡀ

Ⲵ䳶ਸѻ䰤⴨ӂ⤜・ˈ֯ᗇਾ㔝Ⲵޘተᰦ䰤ᒿࡇᖒਈ䀓㇇ᰐ⌅ᆼᡀǄ 

MST ᯩ⌅ᴹ᭸ൠ䀓ߣҶޘተ䘎䙊ᙗⲴ䰞仈ˈᒦ؍䇱Ҷ൘ᴰቁᒢ⎹മࡽᨀлˈᒢ⎹㖁㔌Ⲵ⴨ᒢ⍻ᓖ

Ⲵᙫ઼ᴰབྷˈަ䘀㹼㔃᷌ྲമ 3-13 (a) ᡰ⽪Ǆ⭡മ 3-13 (a)઼മ 3-11 (a)ሩ∄ਟ⸕˖অаѫᖡᯩۿ⌅઼

MST ᯩ⌅൷֯⭘ᴰቁ䟿Ⲵᒢ⎹ۿሩ䘎᧕ҶᡰᴹⲴ SAR ᖡۿ˗նᱟ MST ᯩ⌅䘹ਆⲴᒢ⎹㖁㔌⴨ᒢᙗᴤ

儈Ǆ⭡മ 3-13 (a)઼മ 3-12 ∄䖳ਟ⸕˖StaMPS/MTI ᯩ⌅ਟ㜭वਜ਼Ҷ MST Ⲵ䘹ਆ㔃᷌ˈնҏਟ㜭нՊ

वਜ਼Ǆ 

ᵜ᮷ᨀࠪⲴሶ MSTǃ⴨ᒢᙗ䰸٬ (CT)઼ Delaunay й䀂㖁䰸٬⌅ (DT) ሶ㔃ਸⲴᯩ⌅ˈ൘֯⭘઼

StaMPS/MTI ᯩ⌅⴨਼Ⲵ⴨ᒢᙗ䰸٬ⲴᶑԦлˈ䘹ਆ㔃᷌ྲമ 3-13 (b) ᡰ⽪ˈ䈕ᯩ⌅ᙫޡ䘹ਆҶ 80 ሩ

ᒢ⎹ۿሩǄ⭡മ 3-12 (b)઼മ 3-13 (b)ሩ∄ਟ⸕˖⴨∄Ҿ StaMPS/MTI ᯩ⌅ˈ䈕ᯩ⌅؍䇱ҶޘተⲴ䘎䙊

ᙗˈᒦᒢ⎹മⲴᇶᓖ൷रˈ໎࣐Ҷᰦオ⴨ս䀓㕐ⲴっڕᙗǄ 

3.4 㔃䇪 

ᵜㄐ൘ᙫ㔃Ҷⴞࡽ൘ᰦ䰤ᒿࡇ InSAR Ⲵঅаѫᖡ઼ۿཊѫᖡۿ㓴ਸㆆ⮕ѝᑨ⭘Ⲵᒢ⎹ۿሩⲴ䘹ਆ

ᯩ⌅Ⲵส⹰кˈᨀࠪҶа⿽᭩䘋Ⲵǃᴤ࣐っڕⲴᒢ⎹㖁㔌䘹ਆᯩ⌅Ǆ䈕ᯩ⌅ṩᦞ䴧䗮ؑਧⲴ৫⴨ᒢ⁑

රˈᔪ・Ҷԕ SNRǃ඲ⴤオ䰤ส㓯ǃཊᲞं䍘ᗳ仁⦷ᐞ઼ᰦ䰤ส㓯Ѫ৲ᮠⲴᒢ⎹ۿሩⲴ⴨ᒢᙗ⍻ᓖ࠭

ᮠ⁑රˈᒦ㔃ਸ MST ઼ CT єњ䘎᧕ㆆ⮕ˈᗇޘࡠተ䘎䙊ǃᮠ䟿䘲ѝф⴨ᒢᙗ儈Ⲵᒢ⎹ۿሩ㓴ਸ㖁㔌Ǆ

ṩᦞᇎ䱵 SAR ᮠᦞⲴ⍻䈅㔃᷌ˈ傼䇱Ҷ䈕ᯩ⌅∄অаѫᖡ઼ۿ MST ᯩ⌅ᤕᴹᴤཊⲴ儈⴨ᒢᙗᒢ⎹ሩˈ

∄ሿส㓯䳶ᯩ⌅䇑㇇᭸⦷ᴤ儈ˈ∄ StaMPS/MTI ᯩ⌅Ⲵޘተ䘎䙊ᙗᴤ儈ˈഐ↔ᴤ䘲ਸҾ䙊⭘ᛵߥлⲴ

ᰦ䰤ᒿࡇ InSAR ᮠᦞ༴⨶ѝⲴᒢ⎹ۿሩ㖁㔌Ⲵ䘹ਆǄ 

Ӿ⴨ᒢᙗ⍻ᓖ࠭ᮠⲴ᧘ሬਟ⸕ˈཊѫᖡۿѝᰦ䰤৫⴨ᒢ࠭ᮠᒦ⋑ᴹ㻛ᖸྭൠՠ䇑ˈᵚᶕᐕ֌ሶ䟽

⛩᭮൘ާᴹ᰾ᱮᆓ㢲ᙗਈॆ㿴ᖻⲴᰦ䰤৫⴨ᒢⲴ࠭ᮠᔪ⁑ѝǄ 
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ㅜ4ㄐ สҾ࠶ᐳᔿⴞḷⲴ㠚䘲ᓄオ䰤└⌒ 

൘䶎෾ᐲൠ४ˈ⭡Ҿᕪಚ༠Ⲵᖡ૽ˈ䴧䗮എ⌒ؑਧⲴᰦ䰤઼オ䰤৫⴨ᒢ᭸ᓄ᰾ᱮˈḷ߶Ⲵ

PSInSAR (Permanent Scatterers InSAR)䳮ԕᗇࡠ䏣ཏᮠ䟿Ⲵ⴨ᒢⴞḷ⛩ˈԕ┑䏣っᇊⲴ⴨ս䀓㕐Ⲵ䴰㾱Ǆ

ሿส㓯ᆀ䳶ᯩ⌅ (Small BAseline Subset Algorithm, SBAS)࡙⭘⸝ᰦ䰤ส㓯઼オ䰤ส㓯Ⲵᒢ⎹മ㓴ਸⲴᯩ

⌅㜭ཏ൘аᇊ〻ᓖк߿ᕡᰦ䰤ǃオ䰤৫⴨ᒢⲴᖡ૽Ǆնᱟˈ൘ SBAS ༴⨶ѝˈ⭡Ҿᒢ⎹മ䙊䗷ཊ㿶༴

⨶ᶕ䱽վಚ༠ˈሬ㠤Ҷオ䰤࠶䗘⦷Ⲵᦏཡ઼ཊњⴞḷѻ䰤ⲴؑਧⲴ䟽ਐǄᵜ᮷ᨀࠪа⿽᭩䘋㠚䘲ᓄオ

䰤└⌒㇇⌅ˈ൘н䱽վオ䰤࠶䗘⦷Ⲵᛵߥлˈ㜭ཏᴤ࣐߶⺞ൠՠ䇑ᒢ⎹മⲴᒢ⎹⴨ս઼⴨ᒢᙗǄ䘉⿽

ᯩ⌅䙊䗷㔏䇑ᆖкⲴᤏਸՈᓖ(Goodness-Of-Fit, GOF) Ự傼ˈ䇶࡛ާᴹ⴨਼࠶ᐳⲴ਼䍘ݳۿ (Statistically 

Homogenous Pixels, SHP)ˈ࡙⭘สҾઘᵏമⲴᴰབྷլ❦ᯩ⌅ˈՠ䇑 SHP Ⲵ↻։ൠᖒඑᓖˈ❦ਾሩᒢ⎹

മ䘋㹼㠚䘲ᓄⲴオ䰤└⌒Ǆᵜ᮷䘹ਆҶй⿽ᑨ㿱Ⲵ GOF Ự傼ᯩ⌅ˈ൘᷀࠶ᙫ㔃਴㠚ⲴՈ㕪⛩ѻਾˈ࡙

⭘哴⋣й䀂⍢ൠ४Ⲵ ALOS PALSAR ᮠᦞ䘋㹼ሩ∄⍻䈅ˈᇎ傼㔃᷌䇱᰾Ҷ䈕㇇⌅൘䶎෾ᐲൠ४Ⲵᴹ᭸

ᙗǄ 

4.1 ᕅ䀰 

ਸᡀᆄᖴ䴧䗮ᒢ⎹⍻䟿 (Interferometric Synthetic Aperture Radar, InSAR)ᢰᵟᱟа⿽࡙⭘ছᱏᖡۿ

⍻䟿བྷ䶒〟ൠ㺘儈〻ਈॆⲴᗞ⌒䚕ᝏᢰᵟˈᆳާᴹ∛㊣㓗Ⲵ⍻䟿㋮ᓖ(Rosen et al., 2000)Ǆ䲿⵰ᱏ䖭ǃ

ᵪ䖭 SAR ㌫㔏Ⲵਁኅ઼ሩ਼аൠ४Ⲵ䘎㔝㿲⍻ˈ࡙⭘ཊᰦ⴨ InSAR ᢰᵟᨀਆ䮯ᰦ䰤ᒿࡇൠ㺘ᖒਈᡀ

Ѫਟ㜭˗ަѝԕ PSI(Ferretti et al., 2000; 2001)઼ SBAS(Berardino et al., 2002; Mora et al., 2002)ᴰާԓ㺘Ǆ

PSI ᯩ⌅ԕаᑵ SAR ᖡۿѪѫᖡۿˈަԆᡰᴹᖡۿѪ䖵ᖡۿˈ⭏ᡀᒢ⎹മˈᒦ䘹ਆ൘䮯ᰦ䰤㤳ത؍޵

ᤱ⴨սっᇊⲴ⴨ᒢⴞḷǄ䘉Ӌ⴨սっᇊⲴ⛩ˈਇᰦ䰤ǃオ䰤৫⴨ᒢⲴᖡ૽ሿˈ㻛〠Ѫ≨ѵᮓሴփ 

(Persistent Scatterers, PSs)ǄᆳԜ൘മۿкᑨᑨሩᓄҾ࠶䗘অ޵ݳⲴѫᮓሴփˈѫ㾱ᱟ⭡Ҽ䶒䀂৽ሴ઼

অ⅑ᕪᮓሴᖒᡀⲴᕪᮓሴⴞḷǄ൘෾ᐲൠ४ˈӪᐕᔪㆁᇶ䳶ˈᨀ׋Ҷ㢟ྭⲴ PS ⛩ˈഐ↔ PSI ᯩ⌅ᗇࡠ

Ҷᴹ᭸ᓄ⭘(Perissin and Ferretti, 2007)Ǆնᱟ൘ߌ⭠ǃ⚛ኡǃⸯ४ǃ㫴≤४ㅹ䶎෾ᐲൠ४ˈൠ㺘ѫ㾱⭡

Ἵ㻛઼վᮓሴ⦷Ⲵ൷䍘⢙փ㾶ⴆˈ࡙⭘ PSI ᯩ⌅ᰐ⌅ᨀਆࡠ䏣ཏᮠ䟿Ⲵ PS ⛩ (< 10 PS/km2)ˈᡀѪ PSI

ᢰᵟ൘䈕ൠ४ᓄ⭘Ⲵ⬦亸(Ferretti et al., 2011)Ǆഐ↔สҾ࠶ᐳᔿⴞḷ (Distributed Scatterers, DSs, or 

Gaussian Scatterers)Ⲵᖒਈؑ᚟ᨀਆᗇࡠҶ䎺ᶕ䎺ཊⲴޣ⌘ǄDS ሩᓄҾᰦ䰤ᒿࡇᒢ⎹ۿሩѝⲴѝㅹ⴨

ᒢ४ฏˈަሩᓄⲴ࠶䗘অ޵ݳवਜ਼䏣ཏᮠ䟿ⲴሿᮓሴփˈᒦᴽӾ༽ᮠᶑԦлⲴശ儈ᯟ࠶ᐳ(Bamler and 

Hartl, 1998)Ǆⴞࡽᐢᨀࠪ SBAS ઼ SqueeSAR(Ferretti et al., 2011)є⿽ᯩ⌅⭘Ҿ DS Ⲵ༴⨶Ǆ 
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SBAS ᯩ⌅䙊䗷䘹ਆާᴹ⸝ᰦ䰤ส㓯઼オ䰤ส㓯Ⲵᒢ⎹㓴ਸˈ߿䖫৫⴨ᒢⲴᖡ૽ˈᒦሩᡰᴹⲴᒢ

⎹മ䘋㹼ཊ㿶༴⨶(Lanari et al., 2007)Ǆ䘉⿽⸙ᖒデਓⲴཊ㿶༴⨶㜭ཏ໎࣐മۿⲴؑಚ∄ˈ਼ᰦҏᑖᶕ

Ҷ㤕ᒢ䰞仈Ǆ(1)࠶䗘⦷Ⲵ䱽վ˗(2)н਼⢙փⲴ␧ਐሬ㠤Ҷᶕ㠚н਼኎ᙗⲴ䴧䗮എ⌒ؑਧⲴ␧ਸ˗(3)䎧

ԿнᒣⲴൠᖒ઼ケ❦Ⲵᖒਈਈॆ㻛ᒣ━ˈ䘋㘼ӗ⭏オ䰤৫⴨ᒢǄԕкй⛩൷Պ֯ᗇ儈ᯟ࠶ᐳⲴ䶉ᘱԫ

᜿ᙗࡽᨀᶑԦнᡀ・㘼ሬ㠤ᒢ⎹മ઼⴨ᒢᙗⲴՠ䇑ٿᐞ(Bamler and Hartl, 1998; Jiang et al., 2013)Ǆሩ↔ˈ

ᯠⲴ䘹ᤙっᇊؑਧⲴᯩ⌅㻛ᨀҶࠪᶕˈᒦ⭘Ҿൠᖒ⴨սⲴ㺕گ(Goel and Adam, 2012)Ǆ 

㘼 SqueeSAR ࡙⭘ᰦ䰤ᒿࡇ SAR ᖡۿⲴᑵᓖ⢩ᖱᶕᨀਆ DSs (㠚䘲ᓄⲴオ䰤└⌒)ˈᒦṩᦞ⴨սй

䀂⍻䟿Ⲵᒣᐞᯩ⌅ˈ࡙⭘ᡰᴹਟ㜭Ⲵᒢ⎹മⲴ㕐㔅⴨սሩঅаѫᖡۿㆆ⮕лⲴᒢ⎹മⲴ⴨ս䘋㹼ᴰՈ

ՠ䇑 (ᰦ䰤ฏ└⌒)Ǆ❦ਾሶ DSs 㶽ޕՐ㔏Ⲵ PSI ༴⨶ᯩ⌅ѝˈ઼ PSs а䎧䘋㹼ᰦ䰤ᒿࡇⲴᖒਈؑ᚟䀓

㇇Ǆ❦㘼ˈ൘ SqueeSAR ѝ֯⭘Ⲵ Kolmogorov-Smirnov Ự傼䗷Ҿㆰঅˈᒦн䘲ਸҾާᴹ䮯ቮ࠶ᐳ⢩⛩

Ⲵ䴧䗮ؑਧ˗ަ㓯ᙗᖒਈ⁑රⲴٷ䇮ҏᒦнᙫᱟᡀ・ˈҏн䘲ਸҾާᴹ儈ᓖ䶎㓯ᙗᖒਈⲴൠ४Ǆਖཆˈ

SqueeSAR ѝ֯⭘Ⲵ⴨սй䀂⍻䟿ᯩ⌅ᡰ䴰Ⲵ䇑㇇䟿ᖸབྷ(Ferretti et al., 2011)ˈ䘉൘ᇎ䱵֯⭘ѝҏᱟ䴰

㾱㘳㲁Ⲵ䟽㾱ഐ㍐ѻаǄ 

ᵜㄐⲴѫ㾱ⴞⲴᱟ᢮ࠪ䘲ਸ䇶࡛ DSs Ⲵᯩ⌅ˈᒦሩަ䘋㹼ᴹ᭸࡙⭘Ǆ൘ާᴹ⴨լⲴൠ⨳⢙⨶ᙗ䍘

Ⲵൠ⢙ާᴹ⴨լⲴ䴧䗮എ⌒ؑਧⲴࡽᨀٷ䇮ᶑԦлˈDSs ൘䴧䗮മۿк㺘⧠Ѫާᴹ㔏䇑൷䍘࠶ᐳⲴۿ

ণˈݳ SHP (Statistically Homogenous Pixels)ǄᵜㄐⲴѫ㾱ᆹᧂྲл˖ㅜҼ㢲䱀䘠 SHP 䇶࡛Ⲵ㔏䇑⨶䇪ˈ

ሩ∄н਼ⲴỰ⍻ᯩ⌅ˈสҾ↔㔉ࠪ⴨սⲴ㠚䘲ᓄオ䰤└⌒㇇⌅༴⨶⍱〻˗ㅜй㢲ኅ⽪൘哴⋣й䀂⍢Ⲵ

ᇎ䱵ᮠᦞⲴᇎ傼㔃᷌ˈᒦሩн਼Ự⍻ᯩ⌅Ⲵ㔃᷌䘋㹼ሩ∄᷀࠶˗ᴰਾˈሩᡁԜⲴਁ⧠䘋㹼ᙫ㔃ˈᒦሩ

ᵚᶕⲴ⹄ウ䇑㇇䘋㹼ㆰ㾱䈤᰾Ǆ 

4.2 ᯩ⌅ 

䇮ᡁԜ㓿䗷䝽߶ྭҶⲴٷ SAR ᖡۿ N ᑵˈ䝽߶㋮ᓖ䗮ࡠӊݳۿ㓗ˈ઼অ㿶༽ᮠᒢ⎹മ M ᑵǄ䛓

Ѹ㠚䘲ᓄオ䰤└⌒Ⲵ↕僔वᤜྲлє↕˖ 

4.2.1 SHPⲴ䇶࡛ 

ሩҾ⇿ањۿ㍐ˈᡁԜᐼᵋ䇶࡛ࠪަઘതާᴹ⴨լ㔏䇑⢩ᖱⲴݳۿǄٷ䇮ањ൘ᰦ䰤кっᇊф䘎

㔝Ⲵ䗷〻ˈ䙊䗷䟷ṧˈᡁԜ㧧ਆҶ N њ㿲⍻ṧᵜǄṩᦞѝᗳᶱ䲀ᇊ⨶ˈ࠶ᐳᔿⴞḷⲴ䴧䗮എ⌒ؑਧᴽ

Ӿᵚ⸕৲ᮠⲴ༽ᮠശ儈ᯟ࠶ᐳ˗ഐ↔ਟԕ࡙⭘㔏䇑ᆖкǃสҾᵚ⸕৲ᮠⲴᤏਸՈᓖỰ傼 (Goodness-of-

Fit, GOF test)ˈ䙊䗷Ự⍻єњԫ᜿Ⲵ䗷〻ᱟ੖ᴽӾ਼ањ㔏䇑࠶ᐳᶕ䇶࡛ SHPǄ䛓Ѹ䘉њ䰞仈ਟԕᇊ
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ѹѪањ䴦ٷ䇮(Parizzi and Brcic, 2011)˖ 

0 : p qH F F ˈণ FpǃFqєњ࠶ᐳᱟ਼а࠶ᐳ˗ 

1 : p qH F Fz ˈণ FpǃFqєњ࠶ᐳнᱟ਼а࠶ᐳ˗ 

㘳㲁ࡠ䴧䗮എ⌒ؑਧ࠶ᐳⲴн⺞ᇊᙗˈᡁԜ䘹ᤙҶй⿽สҾ SAR ᖡۿᑵᓖ٬Ⲵ㔏䇑Ự傼ᯩ⌅˖

Kolmogorov-Smirnov (KS)Ự傼ǃCramer-von Mises (CVM)Ự傼઼ Anderson-Darling (AD)Ự傼ǄᆳԜ൷

኎Ҿᰐ৲ᮠⲴ㔏䇑ᤏਸՈᓖỰ傼ˈণ㻛Ự傼Ⲵṧᵜн⭘ٷ䇮ᴽӾḀа⿽⢩ᇊⲴᾲ⦷࠶ᐳǄ 

A. Kolmogorov-Smirnov Test 

Kolmogorov-Smirnov Ự傼ㅜањสҾ䙊⭘࠶ᐳⲴᤏਸՈᓖỰ傼ᯩ⌅(Kvam and Vidakovic, 2007; 

Stephens, 1970)ǄሩҾާᴹ⴨਼ᮠ䟿བྷሿⲴєњṧᵜˈަ㔏䇑Ự傼䟿 DN ᇊѹѪєṧᵜ㍟䇑ᾲ⦷࠶ᐳ࠭

ᮠ(cumulative distribution functions, cdfs)Ⲵᴰབྷ඲ⴤ䐍⿫: 

max ( )- ( )N p qx
D F x F x 

� �      (4-1) 

ަѝˈ ( )pF x
�

઼ ( )qF x
�

ݳۿᱟ࡛࠶ p ઼ q ⲴᥟᑵⲴ㓿傼㍟〟ᾲ⦷࠶ᐳ࠭ᮠ˗ 

䴦ٷ䇮 H0 ሶՊ൘㖞ؑ≤ᒣD к㻛᧘㘫ˈྲ᷌㔏䇑Ự傼䟿 DN 䎵䗷KD
ˈަѝKD

Ѫєṧᵜᛵߥлє

ㄟ࠶ᐳⲴ KS Ự傼൘ 1-D  Ǆ(Conover, 1980)ս⛩Ⲵ٬࠶

B. Cramer-von Mises Test 

Cramer-von Mises Ự傼ᱟਖа⿽䶎৲ᮠ GOF Ự傼(Conover, 1980; Kvam and Vidakovic, 2007)Ǆᆳ࡙

⭘ᒣᯩᐞ࠭ᮠˈ⍻䟿єњ㓿傼㍟〟࠶ᐳᾲ⦷࠭ᮠѻ䰤ⲴᑖᵳⲴ䐍⿫ǄሩҾާᴹ⴨਼ᮠ䟿བྷሿⲴєњṧ

ᵜˈަ㔏䇑Ự傼䟿Ѫ˖ 

^ `2 2 2
2

1

1 [ ( ) 2 ] [ ( ) 2 ]
4

N

N p q
i

R i i R i i
N

Z
 

 � � �¦     (4-2) 

ަѝˈ ( )pR i ઼ ( )qR i ݳۿᱟ࡛࠶ p ઼ q ൘᤹བྷሿᧂᒿⲴਸᒦṧᵜѝˈㅜ i ሿⲴݳ㍐Ⲵ〙Ǆ 

ᖃ 2
NZ བྷҾ 1-D ս⛩Ⲵ٬࠶ 1w D� ᰦˈ䴦ٷ䇮 H0൘D 㖞ؑ≤ᒣлнᡀ・Ǆަѝˈ࠶ս⛩٬ 1w D� Ⲵ⑀

䘋࠶ᐳ⭡ Anderson ઼ Darling 㔉ࠪ(Anderson and Darling, 1952)ˈަ൘ṧᵜᮠ䟿ሿҾㅹҾ 8 ᰦⲴ߶⺞ᮠ

٬⭡ Burr 㔉ࠪ(Burr, 1963)Ǆ 
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C. Anderson-Darling Test 

Anderson-Darling Ự傼ᱟ CVM Ự傼Ⲵ⢩ֻˈԔ CVm Ự傼Ⲵᵳ䟽࠭ᮠ 1 1( ) (1 )x x x\ � � � ণᗇǄо

KS Ự傼⴨∄ˈAD Ự傼൘࠶ᐳⲴቮ䜘໎࣐Ҷᵳ䟽ˈᴤ䘲ਸҾާᴹ䮯ቮ࠶ᐳ⢩⛩Ⲵ䴧䗮എ⌒ؑਧˈ֯ᗇ

൘ٷ䇮Ự傼ᰦˈㅜҼ㊫䭉䈟Ⲵᾲ⦷ᴤվ(Kvam and Vidakovic, 2007)Ǆަ㔏䇑Ự傼䟿Ѫ˖ 

, ,

2
2

,
{ , }

( ( ) ( ))
2 ( )(1 ( ))

p i q i

p q
N N

x x x pq pq

F x F xNA
F x F x�

�
 

�¦
� �
� �     (4-3) 

ަѝˈ ( )pqF x
�

ᱟєṧᵜⲴ␧ਸ࠶ᐳⲴ㓿傼㍟〟ᾲ⦷࠶ᐳ࠭ᮠǄо CVM ⴨լˈᖃ㔏䇑Ự傼䟿 2
,N NA བྷ

ҾսҾ 1-D Ⲵ࠶ս⛩٬
,

2
N N

AD
ᰦˈ䴦ٷ䇮ሶ൘D 㖞ؑ≤ᒣл㻛᧘㘫Ǆ䈕࠶ս⛩٬൘ N 䎻䘁ҾᰐェབྷᰦⲴ

⑀䘋࠶ᐳ⭡ Anderson 㔉ࠪ(Anderson and Darling, 1954)ˈ㘼ሩҾᴹ䲀ᮠ䟿ṧᵜˈަ࠶ս⛩٬Ⲵ䘁լՠ䇑

⭡ Pettitt 㔉ࠪ(Pettitt, 1976)Ǆ 

สҾԕк䱀䘠Ҷй⿽ GOF Ự傼ˈާᴹ⴨਼㔏䇑࠶ᐳⲴݳۿ㻛䇶࡛ࠪᶕˈᡀѪ SHPˈ⭘Ҿ߿ᕡᰦ䰤

৫⴨ᒢⲴᖡ૽Ǆ❦㘼ˈ࠶ᐳᔿⴞḷⲴ䴧䗮എ⌒ؑਧӽ❦ਇࡠབྷ≄ᔦ䘏⴨ս(Atmospheric Phase Screen, 

APS)Ⲵᖡ૽ˈ㘼 APS ൘オ䰤кᒣ━ˈфᴹ 1~3 䮯ᓖ(Hanssen, 2001)Ǆഐ↔ˈᴹᗵ㾱ṩᦞޣ䟼Ⲵ⴨ޜ

SAR ᖡۿⲴオ䰤࠶䗘⦷ˈሩ䇶࡛ࠪᶕⲴ SHP Ⲵオ䰤㤳ത䇮㖞аᇊⲴ㓖ᶏ䲀ࡦǄ 

ᴰਾ SHP Ⲵ䇶࡛⍱〻ਟԕᙫ㔃Ѫ˖ 

1) ሩҾ⇿ањݳۿ PˈᇊѹањѝᗳսҾ P ⛩Ⲵՠ䇑デਓ˗ 

2) ሩҾՠ䇑デਓ޵䲔 P ⛩ѻཆⲴ⇿ањݳۿˈ࡙⭘єṧᵜⲴ GOFỰ傼ˈࡔᯝᆳԜоݳۿ P ൘а

ᇊ㖞ؑ≤ᒣлᱟ੖኎Ҿ਼а࠶ᐳˈሶᡰᴹо P ኎Ҿ਼а࠶ᐳⲴݳۿ㓴ᡀѪ SHP˗ 

3) ᨀࠪᡰᴹ SHP ѝ⋑ᴹо P ⛩ⴤ᧕⴨䘎ᡆ䙊䗷ަԆ SHP о P ⴨䘎䙊Ⲵݳۿ˗ 

4) ሶ䇶࡛Ⲵ SHP оݳۿ P 㔁ᇊˈᒦԕ SHP Ѫ༴⨶অݳˈ৲оਾ㔝Ⲵᒢ⎹⴨սⲴ└⌒઼⴨ᒢᙗⲴ

ՠ䇑Ǆ 
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4.2.2 ᭩䘋Ⲵᒢ⎹മ઼⴨ᒢᙗՠ䇑 

ṩᦞ 2.1 㢲ѝ SHP Ⲵ䇶࡛㔃᷌ˈᡁԜሩ M ᑵᒢ⎹മⲴᒢ⎹⴨ս઼⴨ᒢᙗ䘋㹼䟽ᯠՠ䇑Ǆ䘉а↕ѫ

㾱䙊䗷สҾ SHP Ⲵ䙀ۿ㍐Ⲵ㠚䘲ᓄオ䰤└⌒ᶕᇎ⧠Ǆ⭡ᒢ⎹മⲴ䇑㇇ޜᔿਟ⸕˖⭡ㅜ j ᑵ SARᖡۿ Sj

઼ㅜ k ᑵ SAR ᖡۿ Sk㓴ਸ⭏ᡀⲴᒢ⎹മ൘ݳۿ P Ⲵ٬ , ( )j kI P Ѫ(Goel and Adam, 2012)˖ 

,
1( ) ( ) ( ) refi

j k j k
p

I P S p S p e M�


�:

 � �
: ¦      (4-4) 

ަѝˈ* 㺘⽪༽ᮠޡ䖝˗:ᱟ SHP ѝᡰᴹݳۿ㓴ᡀⲴ䳶ਸˈ refM ᱟ৲㘳⴨սˈवᤜൠᖒ⴨սǃ䖘䚃

⴨սㅹǄ 

ݳۿ P ⛩ሩᓄⲴ⴨ᒢ㌫ᮠ ,j kr Ѫ˖ 

, 2 2

( ) ( )
( )

( ) ( )

refi
j k

p
j k

j k
p p

S p S p e
r P

S p S p

M�


�:

�: �:

� �
 

�

¦

¦ ¦
     (4-5) 

ᡁԜ䘋а↕ՠ䇑ݳۿ P ᡰሩᓄⲴ SHP Ⲵॿᯩᐞ⸙䱥 C(P)ˈޜᔿྲл(Ferretti et al., 2011)˖ 

1( ) ( ) ( )H

p
C P d p d p

�:

 �
: ¦     (4-6) 

1 2( ) [ ( ), ( ),..., ( )]T
Nd P d P d P d P     (4-7) 

ަѝˈH 㺘⽪঴ቄ㊣⢩ޡ䖝˗T 㺘⽪⸙䱥䖜㖞˗ ( )d P ᱟ N њᰦ⴨Ⲵ SAR ᖡۿ൘ P ⛩Ⲵ༽ᮠੁ䟿Ǆ 

ሩॿᯩᐞ⸙䱥ݳ㍐ѝⲴᥟᑵ䘋㹼൷аॆ༴⨶ˈᗇࡠ⴨ᒢ⸙䱥*Ǆࡉ*ѝⲴ䶎ሩ䀂㓯кⲴݳ㍐ণѪ

ᡰᴹਟ㜭Ⲵᒢ⎹㓴ਸⲴᒢ⎹മᡰሩᓄⲴ⴨ᒢᙗՠ䇑ˈ㘼ަᡰሩᓄⲴ⴨սণѪ㠚䘲ᓄ└⌒ਾᒢ⎹മⲴᒢ

⎹⴨ս(Ferretti et al., 2011)˖ 

^ `,
,

j ki
j kr e M*  �      (4-8) 
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4.3 ᇎ傼४ᾲߥоᮠᦞ 

ѪҶ䇴ԧᯠ㇇⌅Ⲵ᭩䘋ѻ༴ˈᡁԜ䘹ਆսҾѝഭኡьⴱьे䜘Ⲵ哴⋣й䀂⍢֌Ѫᇎ傼४Ǆ哴⋣й

䀂ᐎ⒯ൠᱟц⭼ቁᴹⲴ⋣ਓ⒯ൠ⭏ᘱ㌫㔏ˈսҾኡьⴱьे䜘Ⲵ⑔⎧ѻ┘ˈൠ⨶඀ḷѪь㓿 ������ƍ̚

119°2�ƍˈे㓜 �����ƍ̚�����ƍѻ䰤ˈवᤜ哴⋣ޕ⎧ਓ઼ 1976 ᒤԕࡽᕅ⍚Ⲵ哴⋣᭵䚃ˈᙫ䶒〟 15.3 зޜ

产 (ྲമ 4-5a ᡰ⽪)Ǆ哴⋣й䀂⍢к⋣⍱㓥⁚Ӕ䭉ˈᖒᡀ᰾ᱮⲴ㖁⣦㔃ᶴˈ਴⿽⒯ൠᲟ㿲ᡀᯁඇ⣦࠶ᐳˈ

ྲമ 4-1 ᡰ⽪Ǆ൘⒯ൠᆈ൘ᖒᘱкˈ哴⋣й䀂⍢⒯ൠԕᑨᒤ〟≤⒯ൠѪѫˈঐᙫ䶒〟Ⲵ 63%˗ᆓ㢲ᙗ

〟≤⒯ൠঐ⒯ൠᙫ䶒〟Ⲵ 37%Ǆ㠚❦؍ᣔ४Ⲵ൏ൠ䍴Ⓚᱟ哴⋣䘁Ⲯᒤᶕᩪᑖབྷ䟿⌕⋉ປݵ⑔⎧ࠩ䲧ᡀ

䱶Ⲵ⎧⴨⊹〟ᒣ৏ˈൠ࣯ᒣඖᇭᒯˈ⎧ᤄ儈〻Ѫ 0~5mˈᒣ൷儈〻එᓖѪ 1/8000~1/12000Ǆ≄ىѪ᳆⑙

ᑖᆓ仾රབྷ䱶ᙗ≄ىˈ൘⹄ウ४ 5 ᴸ-10 ᴸѪἽ㻛䮯ਦᆓ㢲ˈ11 ᴸ-4 ᴸᱟ㩭ਦᆓ㢲(Xie et al., 2013)Ǆ 

ᡁԜ㧧ਆҶ䈕ൠ४ 2007 ᒤ 6 ᴸ㠣 2009 ᒤ 10 ᴸⲴ ALOS PALSAR Ⲵ L ⌒⇥ SARᮠᦞޡ 13Ჟˈޕ

ሴ䀂Ѫ 38.73eˈHH ᶱॆǄަ L ⌒⇥⌒䮯Ѫ 23.6 cmˈ∄ X ⌒⇥઼ C ⌒⇥Ⲵ⌒䮯䜭䮯ˈഐ↔ަク䘿␡

ᓖᴤབྷˈ൘䶎෾ᐲൠ४ާᴹ᰾ᱮⲴՈ࣯Ǆ䈕ᖡۿⲴ䐍⿫ੁ࠶䗘⦷Ѫ 9.39 mˈᯩսੁ࠶䗘⦷Ѫ 3.14 mǄ 

 

മ 4-1 哴⋣й䀂⍢ൠ⢙࠶ᐳᛵߥ(Xie et al., 2013) 
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4.4 ᇎ傼㔃᷌о䇘䇪 

䈕ᮠᦞ䳶Ⲵ亴༴⨶࡙⭘ Gamma 䖟Ԧᆼᡀˈ㘼ᵜ᮷ᡰᨀࠪⲴ㇇⌅൷൘ Matlab ⧟ຳл㕆߉Ǆമ 4-2

ኅ⽪Ҷ SHP Ⲵ䇶࡛㔃᷌Ǆަѝ㔯㢢ശ⛩Ѫ৏࿻ݳۿˈ㓒㢢ശ⛩㺘⽪ަሩᓄⲴ SHP˗㘼(b-d)࡛࠶㺘⽪ṩ

ᦞޜᔿ(4-1)ǃ(4-2)ǃ(4-3)Ⲵ䇶࡛㔃᷌ǄሩҾањ 23×23 བྷሿⲴᩌ㍒デਓˈKS Ự傼઼ CVM Ự傼൷䘹

ਆҶ 106 㘼ˈݳۿ AD Ự傼䘹ਆҶ 105 њǄ⭡മਟ⸕˖ᡰᴹⲴ䇶࡛ࠪᶕⲴ SHP ൷㾶ⴆ൘਼а⡷≤に⭠

ѝˈфн਼Ⲵ㔏䇑Ự傼ᯩ⌅ѻ䰤ˈ䇶࡛㔃᷌⋑ᴹ᰾ᱮᐞᔲǄ 

สҾє⿽н਼㊫රⲴൠ⢙Ⲵ SHP Ⲵ⴨ᒢ⸙䱥㔃᷌ྲമ 4-3 ᡰ⽪ˈަ䇑㇇ޜᔿྲ(4-6)ǃ (4-7)ǃ(4-8)Ǆ

ᆳ㺘䗮Ҷᡰᴹਟ㜭Ⲵ SAR ᖡۿ㓴ਸǄо≤に⭠⴨∄ˈ൏䍘⭠ෲ᰾ᱮާᴹᴤ儈Ⲵ⴨ᒢᙗˈф⴨ᒢᙗ䲿ᰦ

䰤ਈॆˈնᒦнᱟѕṬⲴ⚾ᙗਈॆޣ㌫ˈ㘼੸⧠ࠪ⭡Ҿ㙅⿽઼♼≤㘼ᕅ䎧Ⲵᆓ㢲ᙗਈॆ㿴ᖻǄ䘉њ⸙

䱥ሩҾᒢ⎹㖁㔌Ⲵ㓴ਸՈॆ䘹ਆާᴹᖸྭⲴُ䢤᜿ѹǄ 

 

മ 4-2 SHP Ⲵ䇶࡛㔃᷌ 

((a)ᱟ㓿䗷 1×3 ཊ㿶༴⨶ਾⲴ৏࿻ᒢ⎹മˈަѝ唁㢢ᯩṶ㺘⽪ᩌ㍒ṶⲴ㤳തˈ㔯㢢ശ⛩㺘⽪ѝᗳۿ㍐˗(b-d)࡛࠶Ѫ KSǃ

CVM ઼ AD Ự傼Ⲵ䇶࡛㔃᷌ˈަѝᓅമѪ SAR ᖡۿᥟᑵˈ㓒㢢ശ⛩㺘⽪䇶࡛ࠪᶕⲴ SHPˈ㔯㢢ശ⛩㺘⽪ѝᗳۿ㍐) 

 

മ 4-3 н਼ൠ⢙Ⲵ SHP Ⲵ⴨ᒢ⸙䱥ሩ∄ 

(⁚䖤઼㓥䖤൷㺘⽪ SAR ᖡۿⲴᒿࡇਧˈ(a)Ѫ≤に⭠ˈ(b)Ѫ≤に⭠ѻ䰤Ⲵ䚃䐟ᡆ⭠ෲǄ⴨䖳Ҿ≤に⭠ˈ⭠ෲ᰾ᱮާᴹ

ᴤ儈Ⲵ⴨ᒢᙗˈфަ⴨ᒢᙗᒦнᱟ䲿⵰ᰦ䰤ᴹ㓯ᙗਈॆ㿴ᖻˈ㘼੸⧠ࠪаᇊⲴᆓ㢲ᙗਈॆ) 
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ѪҶỰ傼㇇⌅Ⲵᴹ᭸ᙗˈањवਜ਼≤に⭠઼ӪᐕᔪㆁⲴተ䜘४ฏ㻛᥁䘹ࠪᶕǄṩᦞ(4-4)ǃ(4-5)ˈ

ሩ䈕४ฏ䘋㹼㠚䘲ᓄⲴオ䰤└⌒ˈᒦоՐ㔏Ⲵ boxcar └⌒ᯩ⌅ᗇࡠⲴ㔃᷌䘋㹼∄䖳ˈྲമ 4-4 ᡰ⽪Ǆ

ަѝˈമ(a)࡛࠶Ѫ䈕४ฏⲴ Landsat TM ᖡ઼ۿ㓿䗷 1×3 ཊ㿶༴⨶ਾⲴ⭡ 2013 ᒤ 8 ᴸ 13 ᰕ઼ 2013 ᒤ

9 ᴸ 28 ᰕᖡۿ⭏ᡀⲴᒢ⎹മǄ⭡Ҿ൘є⅑㿲⍻ᵏ䰤ˈᴹа⅑Ӿ哴⋣ᣭਆᶕ⍷♼≤に⭠Ⲵ♼≤ˈሬ㠤≤

に⭠ѝইेєㄟⲴ≤սᴹ儈ᐞˈᒦ൘മѝ㺘⧠Ѫঅњ≤に⭠޵⋯ᯩսੁкⲴᒢ⎹ᶑ㓩Ǆ(b)മᱟ⭘Ր㔏

Ⲵ boxcar ᯩ⌅└⌒ਾᗇࡠⲴ⴨ᒢമ઼ᒢ⎹⴨ս˗(c)മᱟ࡙⭘ᵜ᮷ѝสҾ AD Ự傼Ⲵ㠚䘲ᓄ└⌒ᯩ⌅ᗇ

Ⲵ⴨ᒢമ઼ᒢ⎹⴨սǄ⭡മਟ⸕˖⴨䖳Ҿࡠ boxcar ᯩ⌅ˈᵜ᮷Ⲵ㠚䘲ᓄ└⌒ᯩ⌅㜭ཏᴹ᭸४࠶≤に⭠

઼に⭠ѻ䰤Ⲵ⭠ෲˈᔪㆁ⢙ԕ৺оަ⴨䘎Ⲵ䚃䐟Ⲵཆᖒ䖞ᔃҏ㻛␵Რൠ؍⮉Ҷлᶕˈ䈤᰾䈕ᯩ⌅㜭ཏ

ᴹ᭸؍ᤱⴞḷ࠶䗘⦷Ǆ 

 

മ 4-4 └⌒㔃᷌ሩ∄ 

((a)࡛࠶Ѫ Landsat TM ᖡ઼ۿ㓿䗷 1×3 ཊ㿶༴⨶ਾⲴ৏࿻ᒢ⎹⴨ս˗(b)࡛࠶Ѫ㓿䗷 boxcar └⌒ਾⲴ⴨ᒢമ઼ᒢ⎹⴨ս˗

(c)Ѫ㓿䗷สҾ AD Ự傼Ⲵ㠚䘲ᓄ└⌒ਾⲴ⴨ᒢമ઼ᒢ⎹⴨սǄަѝˈ≤に⭠޵䜘Ⲵᒢ⎹ᶑ㓩ᱟ⭡Ӫᐕ♼≤ᕅ䎧ⲴǄ) 

ᮤᑵᖡۿⲴ༴⨶㔃᷌ྲമ 4-5ǃമ 4-6 ᡰ⽪Ǆ3,114,121 њۿ㍐㜭ཏ䇶࡛ࠪᴹ᭸Ⲵ SHPˈঐᮤᑵᖡ

㍐ᮠⲴۿᡰਜ਼ۿ 92.68%Ǆമ 4-5a ᱟᮤњᇎ傼४ሩᓄⲴ Landsat TM ᖡۿ˗b Ѫ࡙⭘ᵜ᮷ᯩ⌅༴⨶ਾ䟽

ᯠՠ䇑Ⲵ⴨ᒢ㌫ᮠ࠶ᐳമˈᮤᲟᖡۿⲴᒣ൷⴨ᒢ㌫ᮠѪ 0.2805ˈ儈Ҿ㓿䗷 boxcar └⌒ਾᗇࡠⲴ⴨ᒢമ

⴨ᒢ㌫ᮠᑵᓖ٬Ⲵᒣ൷٬ 0.2676Ǆമ 4-6a Ѫ৏࿻Ⲵᒢ⎹മˈަᐢ৫䲔Ҷൠᖒ⴨սⲴᖡ૽˗b മণѪԕ

a മѪส⹰ˈ㓿䗷㠚䘲ᓄ└⌒ਾⲴᒢ⎹⴨սǄ⭡Ҿ䈕㇇⌅ᱟ䙀ۿ㍐Ⲵ└⌒᫽֌ˈަ䇑㇇᭸⦷䲿⵰ᩌ㍒

デਓⲴ໎࣐Պᴹᱮ㪇Ⲵ໎࣐˗фՊഐѪ└⌒Ⲵᖡ૽㘼䱽վаᇊⲴオ䰤࠶䗘⦷ˈնᱟⴞḷ࠶䗘⦷ᒦ⋑ᴹ

ᦏཡǄ 
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മ 4-5 (a)Landsat TM ᖡۿˈ(b)㓿䗷สҾ AD Ự傼Ⲵ㠚䘲ᓄ└⌒ਾⲴ⴨ᒢമ 

 

മ 4-6 (a)৏࿻ᒢ⎹⴨սˈ(b)㓿䗷สҾ AD Ự傼Ⲵ㠚䘲ᓄ└⌒ਾⲴᒢ⎹⴨ս 
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4.5 㔃䇪 

ᵜㄐ൘᷀࠶Ҷ䶎෾ᐲൠ४Ⲵ InSAR ᓄ⭘ተ䲀ᙗⲴส⹰кˈṩᦞ㔏䇑ᆖ᜿ѹкⲴᤏਸՈᓖỰ傼ˈᨀ

ࠪҶањ䶒ੁ࠶ᐳᔿⴞḷⲴ㠚䘲ᓄオ䰤└⌒㇇⌅Ǆᒦ࡙⭘ⵏᇎ SAR ᮠᦞˈሩ∄᷀࠶Ҷй⿽н਼Ⲵٷ䇮

Ự傼Ⲵ䇶࡛㔃᷌Ǆ䙊䗷оՐ㔏Ⲵ boxcar └⌒㔃᷌Ⲵሩ∄ˈ䇱᰾Ҷᯠᯩ⌅㜭ཏᴹ᭸ᨀ儈ᒢ⎹⴨ս઼⴨ᒢ

ᙗⲴՠ䇑߶⺞ᙗˈᒦᴹ᭸؍⮉ൠ⢙Ⲵ㓶㢲ؑ᚟ˈ໎࣐ᇎ傼४Ⲵ⴨ᒢᙗǄ 
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ㅜ5ㄐ สҾᰦ䰤ᒿࡇInSARⲴᶝᐎ⎧ຈᖒਈ᷀࠶ 

ᵜㄐ࡙⭘ᶝᐎൠ४ 2006~2010 ᒤ㧧ਆⲴ 31 Ჟ Envisat-ASAR ᖡۿˈṩᦞ MTInSAR (Multi-Temporal 

InSAR)ᯩ⌅ˈ㔬ਸᨀਆ PS (Persistent Scatterer)઼ DS (Distributted Scatterer)⛩ˈᗇࡠᇶ䳶Ⲵ䫡ຈ⊏⎧ຈ

ᖒਈⲴ InSAR ⍻䟿㔃᷌Ǆо 28 њ⛩Ⲵ≤߶ᮠᦞሩ∄㺘᰾ˈє㘵Ⲵᒣ൷䈟ᐞѪ 0.436 mmˈᴰབྷ䈟ᐞѪ

5.016 mmˈ傼䇱Ҷ InSAR ᢰᵟ∛㊣㓗Ⲵ⍻䟿㋮ᓖ઼߶⺞ᙗǄ䙊䗷䘉є⿽ᮠᦞⲴᰦ䰤ᒿਁ᷀࠶ࡇ⧠ˈ⎧

ຈⲴ⊹䱽൘オ䰤кާᴹ䘎㔝ᙗˈަオ䰤࠶ᐳ੸⧠Ѫঅጠл⊹ᴢ㓯˗൘ᰦ䰤кˈާࡉᴹ᰾ᱮⲴ㓯ᙗਈॆ

㿴ᖻˈᒦդ䲿ᴹ⸝ᰦ䰤㤳തⲴሿᑵᓖ⌒ࣘǄ 

5.1 ᇎ傼४㛼Ჟ 

5.1.1 ᶝᐎൠ४ᾲߥ 

ᶝᐎսҾѝഭьই⋯⎧ǃ⎉⊏ⴱ㛼䜘ˈൠ༴䮯⊏й䀂⍢ই㘬ˈ䫡ຈ⊏л⑨ˈᶝᐎ⒮㾯䜘ˈᱟӜᶝ

བྷ䘀⋣ⲴⲴইㄟǄަᐲ४䶒〟Ѫ 3068 ᒣᯩޜ䟼ˈ2012 ᒤᑨտӪਓ䗮 880.2 з(ᶝᐎ㔏䇑ؑ᚟㖁, 2013)Ǆ

൘ൠ䍘ᶴ䙐ṬተкˈᶝᐎսҾᢜᆀᶯඇⲴь㕈ˈ⊏ኡ-㓽ޤᯝ㻲ᑖⲴ㾯חˈ։ᶝ-హޤਠ䲧Ⲵ㾯ই⇥ˈ

ަઘ䗩վኡш䲥䜘࠶䐘ޕҶ䫡ຈਠ㽦ᑖьेㄟˈ䈕४ݸਾ㓿শҶ⾎࣏ᵏǃᱻᆱᵏǃ࣐䟼ьᵏǃঠ᭟ᵏǃ

⠅ኡᵏ઼ௌ傜᣹䳵ᵏⲴᶴ䙐䘀ࣘ(б՟䱣 et al., 2003)Ǆᐲ४ൠ䊼㊫රཊṧˈൠ࣯⭡㾯ইੁьेٮᯌǄަ

㾯े䜘઼㾯䜘Ѫཙⴞኡ㌫։㜹ˈই䜘Ѫ嗉䰘ኡ㌫։㜹˗ᐲ४ѫփ䳦኎⎉⊏ᒣ৏४Ǆ 

㠚 1964 ᒤԕᶕˈ⭡Ҿൠл≤Ⲵ䗷ᓖᔰ䟷ˈԕహޤᐲѪѝᗳⲴᶝహ⒆ᒣ৏䎵䗷 70%䶒〟Ⲵൠ४ਁ⭏

Ҷൠ䶒⊹䱽ˈѝᗳ㍟䇑ᴰབྷ⊹䱽䟿䗮 1.1 ㊣˗䈕⊹䱽ᑖок⎧⊹䱽ᑖǃ㣿ᐎ-ᰐ䭑-ᑨᐎ⊹䱽ᑖ䘎൘а䎧ˈ

ᖒᡀҶѝഭ䶒〟ᴰབྷⲴൠ䶒⊹䱽ൠ४ѻа˗㘼ᶝᐎսҾᮤњ䮯й䀂བྷ⊹䱽ᑖⲴ㾯ইㄟǄ 

5.1.2 䫡ຈ⊏⎧ຈᾲߥ 

䫡ຈ⊏ਁⓀҾᆹᗭⴱՁᆱ৯ຳ޵ˈ൘ᶝᐎ⒮⒮ਓᯝ䶒⌘ޕь⎧ˈޘ䮯 668 〟䟼ˈ⍱ฏ䶒ޜ 5.56 з

ᒣᯩޜ䟼Ǆ䫡ຈ⊏⋣ਓ࠶Ѫй⇥˖Ӿᇼ᱕⊏⭥ㄉ㠣ᶝᐎᐲь⊏౤о⎖䱣⊏≷ਸ༴ˈ⋣䮯 75 䟼ˈѪ䘁ޜ

ਓ⇥ˈԕ⋣ᐍᖴ⍱֌⭘Ѫѫ˗ь⊏౤ԕл㠣⎧ⴀ▹⎖о։ည㾯й䰨䘎㓯ᯝ䶒ˈ⋣䮯 122 䟼ˈѪ⋣ਓޜ

⇥ˈѪᖴ⍱о▞⍱⎸䮯ਈॆǃ਼ޡ֌⭘˗▹⎖ԕлѪᶝᐎ⒮▞⍱⇥ˈ㠣⒮ਓᯝ䶒⌘ޕь⎧ˈ⒮䮯 85 ޜ

䟼ˈԕ▞⍱֌⭘Ѫѫ(䫡㇑ተई䇮䲒, 2012)Ǆ䫡ຈ⊏⎧ຈսҾ⋣ਓ⇥઼ᶝᐎ⒮▞⍱⸝Ǆ 
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മ 5-1 ᶝᐎ४ฏᶴ䙐ս㖞മ (䛃䎧ь and ᕐษ䴷, 2002) 

 

മ 5-2 䫡ຈ⊏⋣ਓየ㓯ਈ䗱⽪᜿മ (䲦ᆈ❅ and ᡤ⌭㺑, 1997) 

ᶝᐎ⎧ຈশਢᛐѵˈ䫡ຈ⊏ইेєየ࠶ᐳⲴ⎧ຈˈӾь≹ᰦᵏᔰ࿻ˈশ㓿ୀԓǃӄԓ䫡∿᥽⎧ຈǃ

ेᆻ⎧ຈǃইᆻ⎧ຈǃ᰾ԓ⎧ຈǃ␵ԓ⎧ຈ㠣ӺǄⴞࡽᆈ⮉лᶕⲴ⎧ຈѫ㾱Ѫ᰾␵єԓ઼䘁ᖃԓ؞ᔪǄ

ަѝˈ␵ԓⲴ劬匎བྷ⸣ຈԕ㿴⁑ᆿབྷˈ㔃ᶴ㋮㢟䰫਽Ҿцˈⴤ㠣кц㓚 80 ᒤԓ׍❦ਁᥕ⵰䱢ᗑ⍚▞֌

⭘(䲦ᆈ❅ and ᡤ⌭㺑, 1997)Ǆ䘁ԓԕᶕˈ䲔ᣇᰕᡈҹᰦᵏˈᶝᐎ⎧ຈⲴ؞ㆁаⴤ൘䘋㹼Ǆкц⭼ 60 ᒤ

ԓ㠣 80 ᒤԓˈ⋯⊏਴৯㔃ਸ⋫⊏ത⎲ˈޤᔪҶത๔ˈ֯ᗇ䜘࠶㘱⎧ຈ䘰ትҼǃй㓯ˈⴞࡽӽѤ⊏Ⲵ㘱
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⎧ຈ๔䮯 79 䟼ˈѫ㾱սҾ㩗ኡ४Ѥ⎖䭷⋯⊏๔⇥ (䱸ᐼ⎧ and ઘ㍐㣣, 1999)Ǆ1996ޜ ᒤ㠣 2004 ᒤᓅˈ

ᶝᐎᐲสᵜᆼᡀҶ䫡ຈ⊏ḷ߶๔ຈᐕ〻Ⲵᔪ䇮ˈᔪᡀḷ߶๔ຈ 172.4 䟼ˈަѝेየޜ 65.6 䟼ˈইየޜ

106.8 ߶䟼ˈѫ㾱वᤜ㾯⒆४ইेབྷຈǃѫ෾४⎧ຈǃй๑㠣л⋉⎧ຈǃ┘ᐎ४ḷ߶๔ຈǃ㩗ኡ४ḷޜ

๔ຈǃⴱ㇑⎧ຈㅹǄ 

ᵜ⅑䈅傼㤳തѪь㾯ੁⲴ⸙ᖒ४ฏˈь㾯䮯 82 kmˈইे䮯 60 km (30°03'30"N̚30°25'00"N, 

120°04'00"E~120°47'30" E)ˈ㾶ⴆⲴ⎧ຈᙫ䮯ᓖ㓖Ѫ 268 kmǄ⹄ウሩ䊑Ѫа㓯Ѥ⊏⎧ຈˈ᰾␵ᰦᵏⲴ

Ҽǃй㓯ਔ⎧ຈн൘ᵜㄐ䇘䇪㤳തѻ޵Ǆᵜㄐ࡙⭘ PS ઼ SBAS ਴㠚ⲴᢰᵟՈ࣯ˈ࡛࠶䘹ਆ൘䮯ᰦ䰤㤳

ത޵⴨ս؍ᤱっᇊⲴ⴨ᒢⴞḷ⛩ˈ❦ਾሶє⿽ᯩ⌅Ⲵᨀਆ㔃᷌䘋㹼㶽ਸˈ⭘Ҿਾ㔝Ⲵ⴨ս䀓㕐ˈDEM

↻ᐞǃ䖘䚃䈟ᐞ઼བྷ≄⴨սՠ䇑ˈᗇࡠ䈕ൠ४Ⲵᖒਈ㔃᷌Ǆሶ InSAR ⍻䟿㔃᷌ሬޕ Google Earthˈ䘋

㹼オ䰤ࡔ᷀࠶ᯝˈᒦоᇎൠⲴ≤߶⍻䟿㔃᷌䘋㹼ሩ∄傼䇱ˈ᷀࠶⎧ຈᖒਈⲴᰦ䰤ਈॆ㿴ᖻǄ 

5.2 ᮠᦞ 

5.2.1 SARᮠᦞ 

ᇎ傼४ᮠᦞ࠶ᐳᛵྲߥമ 5-3 ᡰ⽪ˈޡ㧧ਆ⅗オተᨀ׋Ⲵᶝᐎൠ४ Envisat ASAR Stripmap I2 ᡀۿ

⁑ᔿ SAR ᖡۿ 31 Ჟ (䟽䇯ઘᵏ 35 dˈC ⌒⇥ˈ⌒䮯Ѫ 5.6 cmˈമ 5-3 ⲭ㢢ᯩṶ㺘⽪㾶ⴆ㤳ത)ˈᰦ䰤䐘

ᓖѪ 2006 ᒤ 1 ᴸࡠ 2010 ᒤ 1 ᴸˈᴰሿᰦ䰤࠶䗘⦷Ѫ 35 ཙˈオ䰤࠶䗘⦷Ѫ 30 mˈޕሴ䀂ਈॆ㤳തѪ

22.8°ˈкॷ䖘䚃ˈᶱॆᯩᔿѪ VV (඲ⴤᶱॆ)Ǆ31 Ჟ SAR ᮠᦞ㓴ᡀⲴᖡۿ・ᯩփྲമ 5-11 ᡰ⽪˗ަ

Ԇ৲ᮠ㿱㺘 5-1Ǆ 

 
മ 5-3 ᇎ傼४Ⲵൠ⨶ս㖞઼ SAR ᖡۿⲴᥟᑵ൷٬മ 

(ᐖ䗩ᓅമѪᗞ䖟ᗵᓄⲴ㡚᣽ۿ⡷ˈⲭ㢢⸙ᖒ㺘⽪ 31Ჟ ASAR ᖡۿⲴ㾶ⴆ㤳തˈ哴㢢⸙ᖒ㺘⽪ᇎ傼४㤳തˈ㓒㢢㓯ᶑѪ≤߶㓯Ⲵ

ս㖞࠶ᐳ˗ਣ䗩Ѫ 31Ჟ SAR ᖡۿⲴᥟᑵ൷٬മǄ)  
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 㺘 5-1 ᶝᐎൠ४ Envisat ASAR ৲ᮠࡇ㺘 

ᒿࡇਧ ᡀۿᰕᵏ 䖘䚃 Bĵ/m T/d FDC/Hz SNR 
1 2006-01-05 20133 1175.1 -1120 11.32 19.5 
2 2006-02-09 20634 630.9 -1085 5.51 19.5 
3 2006-03-16 21135 871.1 -1050 1.15 19.5 
4 2006-04-20 21636 -336.7 -1015 3.08 19.5 
5 2006-05-25 22137 439.5 -980 -0.43 19.5 
6 2006-12-21 25143 585.9 -770 -20.36 19.5 
7 2007-03-01 26145 120.5 -700 1.21 19.5 
8 2007-05-10 27147 153.3 -630 7.64 19.5 
9 2007-08-23 28650 432 -525 10.62 19.5 

10 2007-11-01 29652 260.4 -455 4.59 19.5 
11 2007-12-06 30153 -126.2 -420 -9.09 19.5 
12 2008-02-14 31155 -15.5 -350 1.84 19.5 
13 2008-03-20 31656 355.3 -315 6.85 19.5 
14 2008-04-24 32157 300.6 -280 5.13 19.5 
15 2008-05-29 32658 319.5 -245 6.53 19.5 
16 2008-07-03 33159 -37.8 -210 -2 19.5 
17 2008-08-07 33660 350.8 -175 3.3 19.5 
18 2008-09-11 34161 -47.6 -140 8.56 19.5 
19 2008-10-16 34662 165.4 -105 7.04 19.5 
20 2008-11-20 35163 -179.4 -70 3.05 19.5 
21 2008-12-25 35664 151.3 -35 6.73 19.5 
22 2009-01-29 36165 0 0 0 19.5 
23 2009-03-05 36666 209.8 35 5.7 19.5 
24 2009-04-09 37167 -140.9 70 6.59 19.5 
25 2009-05-14 37668 118.4 105 8.59 19.5 
26 2009-06-18 38169 -104.4 140 7.89 19.5 
27 2009-07-23 38670 285.5 175 -1.73 19.5 
28 2009-08-27 39171 390.6 210 15.09 19.5 
29 2009-10-01 39672 -218.2 245 6.58 19.5 
30 2009-12-10 40674 3.8 315 -2.11 19.5 
31 2010-01-14 41175 138.8 350 5.57 19.5 

 

  



 

48 

 

5.2.2  DEM 

㧧ਆҶѝഭ、ᆖ䲒䇑㇇ᵪ㖁㔌ؑ᚟ѝᗳ ൠ⨶オ䰤ᮠᦞӁ (http://www.gscloud.cn)ᨀ׋Ⲵ SRTM3 

DEM ᮠᦞˈオ䰤࠶䗘⦷ 90 ㊣ˈDEM ᡀۿᰦ䰤Ѫ 2000 ᒤǄ 

 

മ 5-4 ⭡ DEM ⭏ᡀⲴᑵᓖ⁑ᤏമ 

5.2.3 ≄䊑ᮠᦞ 

㧧ਆҶ⭡ѝഭ≄䊑、ᆖᮠᦞޡӛᴽ࣑㖁 (http://cdc.cma.gov.cn)ᨀ׋ᶝᐎਠㄉӾ 2003 ᒤ 1 ᴸ 1 ᰕ㠣

2011 ᒤ 1 ᴸ 1 ᰕⲴ 6 ሿᰦ࠶䗘⦷Ⲵশਢ≄䊑ᮠᦞˈवᤜ䱽≤䟿ǃᒣ൷⑙ᓖǃ⴨ሩ⒯ᓖㅹǄ 

 

മ 5-5 ᶝᐎਠㄉ 2003-2010 ᒤ䱽≤䟿 
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മ 5-6 31 Ჟ SAR ᖡۿᡀۿᰦ䰤Ⲵ 6 ሿᰦ䱽≤䟿 

5.2.4 ≤߶⍻䟿ᮠᦞ 

᭦䳶Ҷ⭡⎉⊏ⴱ≤࡙⋣ਓ⹄ウ䲒ᨀ׋Ⲵ䫡ຈ⊏⋣ਓⲴഋㅹ≤߶ᮠᦞєᶑˈޡ 136 њ⍻䟿⛩˗ᰦ䰤

㤳തѪ 2009 ᒤ 8 ᴸ㠣 2012 ᒤ 11 ᴸˈޡ 12 ᵏǄ䈕≤߶㓯࠶ᐳҾ䫡ຈ⊏ᶝᐎ⇥ইेєየˈަेየ⍻䟿

㓯ޡа⇥ˈইየ⍻䟿㓯࠶Ѫ 3 ⇥ˈൠ⨶ս㖞ྲമ 5-7 ѝ㓒㓯ᡰ⽪ˈ਴⇥Ⲵ䎧→⛩ྲл˖ 

ইየк⑨⇥˖Ѥ⎖㤵ኡ䰨 ė 䰫๠嗉ኡॆᐕল⋯㓯⎧ຈ 

ইየѝ⑨⇥˖䫡⊏ഋẕ ė ሴ▞ᒯ൪ 

ইየл⑨⇥˖㾯ޤ⸱ཤ ė г⭢к⑨ & ҍк亪ඍ ė Ѽ嗏ኡ⋯㓯⎧ຈ 

ेየ⇥˖⧺⪊⋣䰨 ė гṬ⋯㓯⎧ຈ 

 

മ 5-7 ≤߶㓯ս㖞⽪᜿മ 
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മ 5-8 ≤߶⛩儈〻ࢆ䶒മ 

 

മ 5-9 ≤߶⛩儈〻ਈॆമ 

(ԕ 2009 ᒤ 8 ᴸ䟷䳶Ⲵㅜ 1 ᵏ≤߶ᮠᦞˈമѝ㬍㢢ᑖѪ৲㘳ǄӾ㬍㢢䗷⑑ࡠ㓒㢢׍⅑㺘⽪ᰦ䰤Ⲵᴤᴯ) 

ԕ 2009 ᒤ 8 ᴸ䟷䳶Ⲵㅜ 1 ᵏ≤߶ᮠᦞѪส߶ˈሶަԆᡰᴹᰦᵏᮠᦞ⍻ᗇⲴ≤߶⛩Ⲵᖒਈኅ⽪ྲമ 

5-9 ᡰ⽪Ǆਾ㔝⍻䟿ѝˈ⭡Ҿ䜘࠶≤߶⛩㻛⹤ൿˈഐ↔ᰐ⌅⍻ᓖᰦ䰤ᒿࡇⲴᖒਈ㔃᷌˗ሶ䘉Ӌ⛩ࢄ䲔ˈ

ᗇࡠ 118 њ≤߶⛩Ⲵ儈〻䲿ᰦ䰤ਈॆǄਟԕⴻࠪˈ䜘࠶≤߶⛩ᴹ䖳བྷᖒਈˈަѝ⊹䱽ᴰབྷⲴ SC41 ਧ

⛩ˈ൘ 4 ᒤ䰤 (2009 ᒤ 8 ᴸ-2012 ᒤ 11 ᴸ)Ⲵ㍟䇑⊹䱽䟿䗮 14.3 cmǄ 
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5.3 InSARᮠᦞ༴⨶ 

ᵜ᮷䟷⭘Ⲵ InSAR ༴⨶⍱〻ྲമ 5-10 ᡰ⽪ 

SARᖧ܅䞃߼ & 䠃䟽ṭ

PSᒨ⎿ഴ

PS ⴮ᒨⴤḽ⛯ᨆ਌

SBASᒨ⎿ഴ

SBAS ⴮ᒨⴤḽ⛯ᨆ਌

⴮ᒨⴤḽ⛯Ⲻ㷃ਾ

⴮փ䀙㕖

DEM⇁ᐤȽѱ䖻AOEզ䇗

ᒩൽᖘ਎䙕⦽Ƚᰬ䰪ᓅࡍᖘ਎

ᱥ

ੜ⴮փᒩ┇
どᇐ?

 

മ 5-10 ᰦᒿ InSAR ༴⨶⍱〻മ 

5.3.1 SAR ᖡۿ䝽߶ 

ԕ 2009 ᒤ 1 ᴸ 29 ᰕ㧧ਆⲴ SAR ᖡۿѪѫᖡۿˈަԆᡰᴹᖡۿѪ䖵ᖡۿˈሩަ䘋㹼สҾ DEM Ⲵ

ཊᰦ⴨ᮠᦞ䝽߶Ǆަѝˈ㘳㲁ࡠн਼ส㓯лˈᡀࠐۿօⲴᐞᔲ઼৫⴨ᒢⲴᖡۿˈ䇮ᇊ 300 m Ⲵオ䰤ส

㓯䰸٬ˈоѫᖡۿオ䰤ส㓯ሿҾ 300 m Ⲵ䖵ᖡۿⴤ᧕оѫᖡۿ䘋㹼สҾ䗷䟷ṧᯩ⌅Ⲵ䝽߶˗։лⲴ

SAR ᖡࡉˈۿ䘹ਆоަオ䰤ส㓯ᴰሿⲴ 3 ᑵ SAR ᖡۿ䘋㹼ۿሩ䝽߶Ǆᴰਾ䙊䗷㖁㔌䀓㇇ˈᗇࡠᡰᴹ䖵

ᖡۿ⴨ሩҾѫᖡۿⲴ䟽䟷ṧ৲ᮠ(Hooper, 2006)Ǆ䈕䗷〻䙊䗷 StaMPS (Stanford Method for Persistent 

Scatterers)䖟Ԧ䈳⭘ Doris (Delft object-oriented radar interferometric software)ᶕᆼᡀǄ䝽߶ǃ䟽䟷ṧਾⲴ

31 Ჟ SAR ᮠᦞ㓴ᡀⲴᖡۿ・ᯩփྲമ 5-11 ᡰ⽪Ǆ 
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മ 5-11 31 Ჟ SAR ᥟᑵᖡۿ・ᯩփ (亦ቲѪ 2009 ᒤ 1 ᴸ 29 ᰕᖡۿ) 
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മ 5-12 ᒢ⎹㖁㔌㓴ਸ 

(ശ⛩㺘⽪ SAR ᖡۿˈᇎ㓯㺘⽪ PSInSAR ᒢ⎹മˈ㲊㓯㺘⽪ SBAS ᒢ⎹മǄ㓒㢢⛩ḷ䇠Ⲵ 2009 ᒤ 1ᴸ 29 ᰕᖡۿѪ䝽߶Ⲵ৲㘳ᖡۿˈ

ҏᱟ PSInSAR ѝⲴѫᖡۿǄ₉㢢⛩ḷ䇠Ⲵ 2008 ᒤ 5ᴸ 29ᰕ઼ 2009 ᒤ 8 ᴸ 27ᰕᖡۿ൘ SBAS ༴⨶ѝഐѕ䟽Ⲵབྷ≄⴨ս㻛ࢄ䲔Ǆ) 
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5.3.2 ᒢ⎹മ⭏ᡀ 

ṩᦞㅜ 3 ㄐᡰ䘠ᯩ⌅ˈ⭏ᡀ SBAS Ⲵᒢ⎹മˈަѝ⴨ᒢᙗ䰸٬䇮Ѫ 0.75ˈ඲ⴤオ䰤ส㓯䰸٬Ѫ

1106 mˈᰦ䰤ส㓯䰸٬Ѫ 1500 ཙǄਖཆˈ2008 ᒤ 5 ᴸ 29 ᰕ઼ 2009 ᒤ 8 ᴸ 27 ᰕ㧧ਆⲴᖡۿ⭡Ҿᕪ䱽

䴘Ⲵᖡ૽ˈ㠤֯ަሩᓄⲴᒢ⎹മѝࠪ⧠ѕ䟽Ⲵн㿴ࡉབྷ≄⴨սˈҸԕࢄ䲔 (മ 5-12 ѝ₉㢢㨡ᖒ⛩)Ǆᴰ

㓸 SBAS ᯩ⌅⭏ᡀᒢ⎹മ 63 ᑵˈ㓴ਸᛵྲߥമ 3 ѝ㲊㓯ᡰ⽪ǄਖཆˈPSInSAR ᯩ⌅⭏ᡀᒢ⎹മ 30 ᑵˈ

є⿽ᯩ⌅䘹ਆ㔃᷌䟽ਐ 14 ᑵˈᴰ㓸ᗇࡠᙫⲴᒢ⎹മ 79 ᑵǄṩᦞк䘠Ⲵ㓴ਸˈሶєᲟ SAR ᖡޡۿ䖝⴨

҈ᗇࡠᒢ⎹മˈṩᦞছᱏ䖘䚃৲ᮠˈ䇑㇇ᗇࡠᒣൠ⴨սᒦҸԕ৫䲔ˈ㔃᷌ྲлമ(a)ᡰ⽪Ǆṩᦞ㧧ਆⲴ

DEMˈ䇑㇇ᗇࡠൠᖒ⴨սˈᒦҸԕ৫䲔ˈᗇࡠᐞ࠶ᒢ⎹മˈ㔃᷌ྲлമ(b)ᡰ⽪Ǆ 

  

 (a) മ 5-13 ᒢ⎹മ(2009 ᒤ 1 ᴸ 29 ᰕ – 2009 ᒤ 3 ᴸ 5 ᰕ)  (b) 

 

മ 5-14 SBAS ᒢ⎹മ (वᤜഐ≤⊭ᖡ૽ࢄ䲔Ⲵ 7 ᑵᒢ⎹മ) 
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5.3.3 ⴨ᒢⴞḷ⛩Ⲵᨀਆ 

䈕䗷〻ྲമ 5-10 ѝ༴⨶⍱〻ᡰ⽪ˈ࡛࠶⭘ PSInSAR ᯩ⌅઼ SBAS ᯩ⌅ሩє㘵⭏ᡀⲴᒢ⎹മ䘋㹼

⴨ᒢⴞḷ⛩Ⲵى䘹⛩䇶࡛ǃಚ༠䇴ԧˈ⴨ᒢⴞḷ⛩Ⲵ䇶࡛ǃᨀ㓟ㅹ(Hooper et al., 2004)˗ᴰਾṩᦞൠ⨶

ս㖞ˈሶє⿽ᯩ⌅Ⲵᨀਆ㔃᷌䘋㹼㶽ਸ(Hooper, 2008)Ǆ 

5.3.4 ⴨ս䀓㕐 

ṩᦞ Hooper ᨀࠪⲴй㔤⴨ս䀓㇇㇇⌅઼ SNAPHU 䖟Ԧ(Chen, 2001; Hooper and Zebker, 2007)ˈሩ

ᡰᴹ⴨ᒢⴞḷ⛩Ⲵᒢ⎹⴨ս䘋㹼䀓㕐ˈ㔃᷌ྲлമǄ 

 

മ 5-15 ሿส㓯䳶ᒢ⎹മ䀓㕐ਾ⴨ս 
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5.3.5 AOEǃDEM↻ᐞՠ䇑 

ѫ㾱वᤜൠ㺘ᖒਈ⴨սɔௗ௘௙ˈ⭡Ҿཆˈ࣐⴨սⲴਐ࠶ᔿ(2-13)ਟ⸕˖䀓㕐ਾ⴨սȟɔᱟ㤕ᒢᡀޜ⭡

䜘 DEM ᮠᦞⲴн߶⺞ሬ㠤Ⲵ DEM ↻ᐞ⴨սɔ௧௢௣௢_௘ˈ൘৫ᒣൠ⴨ս䗷〻ѝ⭡Ҿн㋮⺞Ⲵছᱏ䖘䚃৲ᮠ

ᕅޕⲴ䖘䚃⴨ս䈟ᐞ⴨սɔ௢௥௕ˈѫ䖵ᖡۿⲴབྷ≄ᔦ䘏⴨սɔ௔௧௠௢௦ˈԕ৺ಚ༠⴨սɔ௡௢௜௦௘ˈަޣ㌫㺘⽪

ྲл˖ 

_def topo e orb atmos noiseM M M M M M'  � � � �    (5-1) 

ಚ༠⴨սɔ௡௢௜௦௘ᱟ䲿ᵪؑਧˈਟ䙊䗷ཊ㿶༴⨶৫䲔Ǆ 

བྷ≄⴨սɔ௔௧௠௢௦൘ᰦ䰤ᒿࡇкᱟ䲿ᵪⲴˈѪ儈仁ؑਧ˗൘オ䰤࠶ᐳкᱟᒣ━ⲴˈѪվ仁ؑਧ (ѕ䟽

н㿴ࡉབྷ≄⴨ս൘オ䰤кਟ㜭нᒣ━ˈ䘉ᐢ䙊䗷ཆ䜘≄䊑ᮠᦞㆋ䘹ࢄ䲔ˈ㿱 5.3.2 㢲)˗㘼䶎㓯ᙗᖒਈ

⴨ս൘ᰦ䰤ᒿࡇкᱟվ仁ؑਧǄഐ↔ਟԕ䙊䗷オ䰤ฏⲴ儈䙊└⌒઼ᰦ䰤ฏⲴվ䙊└⌒ˈ߿ᕡབྷ≄⴨ս

Ⲵᖡ૽˗㔃᷌ྲമ 5-17 (a)Ǆ 

ছᱏ䖘䚃䈟ᐞ⴨սɔ௢௥௕Պ൘ᒢ⎹മѝӗ⭏ޘተ࠶ᐳⲴ㓯ᙗ⴨սˈਟ䙊䗷䘹ਆᐢ⸕Ⲵ⋑ᴹᖒਈⲴൠ

४Ⲵ⴨սᶕՠ䇑˗ҏਟԕ൘䶎ޘተᖒਈⲴٷ䇮ᶑԦлˈṩᦞޘተⲴ⴨սਈॆ䘋㹼ՠ䇑˗㔃᷌ྲമ 5-16Ǆ 

DEM ↻ᐞ⴨սɔ௧௢௣௢_௘䇑㇇ޜᔿྲл˖ 

_
4

sintopo e
B

R
SM H

O T
A �      (5-2) 

ަѝˈİ Ѫ↻։ൠᖒ⴨ս儈〻ˈᱟപᇊ٬˗⭡↔ਟ⸕˖ɔ௧௢௣௢_௘о඲ⴤオ䰤ส㓯Bୄᡀ↓∄ˈ൘㓯ᙗᖒਈ

Ⲵࡽᨀՠ䇑лˈє㘵䙊䗷ᴰՈॆᯩ⌅а䎧䘝ԓՠ䇑˗ɔ௧௢௣௢_௘Ⲵՠ䇑㔃᷌ྲമ 5-17(b)ᡰ⽪Ǆ 
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മ 5-16 䖘䚃䈟ᐞՠ䇑⴨ս (⴨ሩҾѫᖡۿ) 

  

(a) മ 5-17 (a)ѫᖡۿⲴབྷ≄䈟ᐞ⴨ս઼䖘䚃䈟ᐞ⴨ս, (b)DEM ↻ᐞ⴨ս  (b) 
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5.3 㔃᷌о䇘䇪 

5.3.1 InSAR㔃᷌ 

ṩᦞк䶒ᡰ䘠Ⲵ༴⨶ᯩ⌅ˈ⭡ 79 ᑵᒢ⎹മ䇑㇇ᗇࡠᶝᐎൠ४ 2006 ᒤ 1 ᴸ㠣 2010 ᒤ 1 ᴸ䰤Ⲵൠ㺘

ᖒਈⲴ InSAR ⍻䟿㔃᷌Ǆ൘ 4970 ᒣᯩޜ䟼Ⲵᇎ傼४޵ˈᙫޡᨀਆࡠҶ⴨ᒢⴞḷ⛩ 564,467 њˈ⍻䟿⛩

Ⲵオ䰤ᒣ൷࠶ᐳᇶᓖѪ 113.6 њ⇿ᒣᯩޜ䟼˗ӵӵ֯⭘ PS ᯩ⌅ᨀਆⲴ⴨ᒢ⛩ᮠ䟿Ѫ 337,884ˈᆳԜᴤ

䳶ѝ࠶ᐳҾ儈ᾬ᷇・Ⲵ䰩ᐲ४ˈ൘䛺४઼⎧ຈઘ䗩࠶ᐳ䖳ቁǄ⴨∄ѻлˈᵜ᮷ᯩ⌅൘⎧ຈǃߌ֌⢙ㅹ

ൠ⢙࠶ᐳⲴ䶎ިර෾४ᴹ᭸໎࣐Ҷ⍻䟿⛩ᮠ䟿ˈᨀॷҶ⍻䟿⛩オ䰤ᇶᓖǄᇎ傼४ LOS (Line Of Sight)ᯩ

ੁкⲴᒣ൷ᖒਈ䙏⦷࠶ᐳྲമ 5-18 ᡰ⽪ˈਈॆ㤳തѪ-27.7~11.4 mm/yrˈ৽╄㋮ᓖѝ䈟ᐞ൘ 0.9~11.4 

mm/yr ѻ䰤˗ަѝˈवᤜᶝᐎᐲᐲ४൘޵Ⲵབྷ䜘࠶ൠ४Ⲵ৽╄ѝ䈟ᐞ൷൘ 1.5 mm/yr ᐖਣˈ䈤᰾৽╄㔃

᷌っᇊǄ 

 

മ 5-18 ᶝᐎൠ४ 2006 ᒤ 1 ᴸ-2010 ᒤ 1 ᴸⲴ⴨ᒢⴞḷ⛩Ⲵ LOS ᯩੁᖒਈ䙏⦷࠶ᐳ 

(ᓅമѪᥟᑵ൷٬മǄ㬍㢢Ѫ↓٬ˈ㺘⽪ൠ䶒ᣜॷ˗㓒㢢Ѫ䍏٬ˈ㺘⽪ൠ䶒⊹䱽Ǆ㓒㢢ᯩṶѪᖒਈⲴ৲㘳४ฏǄ哴㢢㇝ཤḷ䇠Ⲵᱟ

ᶝᐎ⒮⎧ຈⲴ⊹䱽๔⇥˗㬍㢢㇝ཤḷ䇠Ⲵᱟ䫡ຈ⊏⋣ਓ⎧ຈⲴ⊹䱽๔⇥Ǆ) 

ሶ PSInSAR ઼ MTInSAR ᯩ⌅൘㩗ኡ४തූཆӄ㠣ཆҍᐕ⇥⎧ຈⲴ㔃᷌ሩ∄ྲമ 5-19Ǆਟԕ᰾ᱮ

ⴻࠪ MTInSAR ᯩ⌅㜭ཏᨀਆࡠᴤ࣐ᇶ䳶Ⲵ⴨ᒢⴞḷ⛩Ǆ䘋а↕㔏䇑ᗇࡠ˖൘䮯㓖 9 km Ⲵ⎧ຈкˈ

PSInSAR ᯩ⌅ᨀਆࡠ PS ⛩ 36 њˈᒣ൷⛩ᇶᓖѪ 4/kmˈо⎧ຈк≤߶⍻䟿⇿ 300~500 m ањ⍻䟿⛩Ⲵ

ᇶᓖ⴨ᖃ˗㘼 MTInSAR ᯩ⌅ᨀਆ⴨ᒢⴞḷ⛩ 99 њˈᒣ൷⛩ᇶᓖ䗮 11/kmˈ䘌䘌䎵䗷ࡽє㘵Ⲵ⍻䟿⛩

ᇶᓖǄ 
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മ 5-19 㩗ኡ४തූཆӄ㠣ཆҍᐕ⇥⎧ຈⲴ⴨ᒢⴞḷ⛩࠶ᐳǄ(a)Ѫ PSInSAR Ⲵ㔃᷌(b)Ѫ MTInSAR Ⲵ㔃᷌Ǆ 

ᶝᐎൠ४ൠ㺘⊹䱽ᛵߥਟ⭡മ 5-18 ⴤ㿲ⴻࠪ˖⊹䱽ᴰѕ䟽ᱟẀґᐲነ⭨䭷ˈަ LOS ᯩੁᒤᒣ൷

⊹䱽䙏⦷䗮ࡠ 27 mmǄ⊹䱽㤳തᴰབྷⲴঅ⡷४ฏսҾᶝᐎᐲ㩗ኡ४઼┘⊏४ˈަѝ৸ԕ㩗ኡ४䫡␵䭷

ᴰѪѕ䟽ˈ⊹䱽ᒤᒣ൷䙏⦷䗮ࡠ 20 mmǄ↔ཆˈ㩗ኡ४Ⲵᡰࡽ䭷ǃѤ⎖䭷ˈ։ᶝ४ⲴຈṆ䭷ˈ㓽ޤᐲ

ḟẕ४Ⲵ༿ን䭷઼⎧ᆱᐲⲴбẕ䭷ҏᴹሿᑵᓖⲴ⊹䱽ਈᖒǄ㘼ᶝᐎᐲᐲ४Ⲵަ։ൠ४ྲ㾯⒆४ǃк෾

४ǃл෾४ǃ⊏ᒢ४ǃ։ᶝ४։䜘઼㩗ኡ४Ⲵই䜘൷ᰐ᰾ᱮ⊹䱽ˈ㺘᰾ൠ㺘䖳ѪっᇊǄᮤњൠ४Ⲵൠ

㺘൘ LOS ᯩੁкⲴᖒਈⲴᰦ䰤ᒿࡇਈॆྲമ 5-20 ᡰ⽪Ǆ 

䫡ຈ⊏⎧ຈ⊹䱽ᛵߥѪ˖⭡ᮤњᇎ傼४Ⲵ㔏䇑㔃᷌ਟ⸕˖䫡ຈ⊏ইेєየ⎧ຈ൘ 4 ᒤ䰤 (2006 ᒤ 1

ᴸ㠣 2010 ᒤ 1 ᴸ)ާᴹ᰾ᱮ⊹䱽Ⲵ๔⇥ᴹ 10 ༴˖7 ༴սҾ䫡ຈ⊏⋣ਓ (മ 5-18 㬍㢢㇝ཤḷ䇠)ˈ3 ༴ս

Ҿᶝᐎ⒮ (മ 5-18 哴㢢㇝ཤḷ䇠)˗фᶝᐎ⒮⎧ຈⲴ⊹䱽ᑵᓖབྷҾ䫡ຈ⊏⋣ਓ⎧ຈǄަѝˈԕᶝᐎ⒮ই

የⲴཆॱޛᐕ⇥㠣ᴩၕ⊏བྷ䰨⎧ຈǃेየⲴ哴⒮䭷઼бẕ䭷⎧ຈˈԕ৺䫡ຈ⊏ইየⲴཆޝ㠣ཆޛᐕ⇥

⎧ຈ൘⊹䱽ᑵᓖ઼㤳തкᴰѪᱮ㪇ˈަ LOS ᯩੁᒤ൷⊹䱽䙏⦷൷䎵䗷 20 mm/yrǄ 
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മ 5-20 ᶝᐎൠ㺘൘ LOS ᯩੁⲴᰦ䰤ᒿࡇਈॆമ (2006 ᒤ 1 ᴸ~2010 ᒤ 1 ᴸ) 

5.3.2 ৽╄㋮ᓖ傼䇱 

ṩᦞ䫡ຈ⊏⋣ਓইेєየ⎧ຈ 2009~2012 ᒤᵏ䰤 12 ᵏ 136 њ⛩Ⲵഋㅹ≤߶⍻䟿ᮠᦞˈሩ InSAR

㔃᷌䘋㹼㋮ᓖ傼䇱ǄѪቭਟ㜭߿ሿ⭡Ҿ≤߶ᮠᦞо InSAR ᮠᦞ൘オ䰤ս㖞઼ᰦ䰤кⲴᐞᔲᑖᶕⲴ䈟ᐞˈ

傼䇱ᮠᦞⲴ䘹ᤙสҾԕлйњ৏ࡉ˖ 

(1) ӵ䘹ਆ≤߶⛩ઘതаᇊ䐍⿫㤳ത޵Ⲵ⴨ᒢⴞḷ⛩ˈ㘳㲁ࡠ ASAR ᖡۿ 30 m Ⲵオ䰤࠶䗘⦷ˈ

䐍⿫䰸٬䇮Ѫ 100 m˗ 

(2) ⭡Ҿ⎧ຈ㔃ᶴ༽ᵲˈн਼䜘࠶ˈྲึ⸣ǃᣔඑǃ䱢⎚઼້䚃䐟ˈѻ䰤Ⲵᖒਈ⁑ᔿᒦн⴨਼ˈ

ഐ↔ӵ䘹ਆսҾ䱢⎚້৺ަח޵ (≤߶⛩Ⲵ࠶ᐳս㖞)Ⲵ⴨ᒢⴞḷ⛩˗ 

(3) ⭡Ҿє⿽ᮠᦞⲴᰦ䰤㤳തᒦнᆼޘ䟽ਐ (SAR˖2006 ᒤ 1 ᴸ 5 ᰕ㠣 2010 ᒤ 1 ᴸ 14 ᰕ˗≤

߶˖2009 ᒤ 8 ᴸ 15 ᰕ㠣 2012 ᒤ 12 ᴸ 18 ᰕ)ˈഐ↔ӵ䘹ਆ䟽ਐᰦᵏⲴ⍻䟿ᮠᦞǄ 

ᴰਾˈሶᡰᴹㅖਸ㾱≲Ⲵ⴨ᒢⴞḷ⛩Ⲵᖒਈ⍻䟿٬(Ӿ LOS ᯩੁ䖜ᦒࡠҶㄆⴤᯩੁ)Ⲵ㇇ᵟᒣ൷٬

оަ⴨ᓄⲴ≤߶⍻䟿٬䘋㹼ሩ∄Ǆ 

ṩᦞк䘠ᶑԦˈ䘹ࠪㅖਸ㾱≲Ⲵ≤߶⛩ 28 њˈަѝ≤߶ᮠᦞⲴᰦ䰤㤳തѪ 2009 ᒤ 8 ᴸ 15 ᰕ㠣

2009 ᒤ 11 ᴸ 27 ᰕˈInSAR ᮠᦞⲴᰦ䰤㤳തѪ 2009 ᒤ 7 ᴸ 23 ᰕ㠣 2009 ᒤ 12 ᴸ 10 ᰕˈሩ∄㔃᷌ྲമ

6 ᡰ⽪Ǆਟԕⴻࠪ˖є⿽ᯩ⌅⍻䟿Ⲵ⎧ຈᖒਈ䎻࣯བྷփ⴨䘁Ǆሩ∄ᮠᦞ㔏䇑ᱮ⽪˖є㘵⍻䟿㔃᷌Ⲵᒣ

൷䈟ᐞѪ 0.436 mmˈѝ䈟ᐞѪ 1.582Ǆ䈤᰾ InSAR Ⲵ⍻䟿㔃᷌оᇎൠ≤߶⍻䟿㔃᷌੫ਸ䖳ྭˈ㜭ཏ┑

䏣⎧ຈ⊹䱽Ⲵⴁ⍻䴰≲Ǆަѝˈє㘵㔃᷌Ⲵᴰབྷᐞ٬Ѫ 5.016 mmˈսҾ SC68 ਧ⛩ˈ䈕≤߶⛩ሩᓄⲴ

⴨ᒢⴞḷ⛩սҾ⎧ຈ䱢⎚້ח޵䚃䐟ⲴӅⴆкˈഐ↔ަᖒਈ⁑ᔿᱮ❦ᔲҾ䱢⎚້ᡆަח޵Ⲵ䘎᧕䚃䐟Ǆ 
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മ 5-21 ≤߶⍻䟿о InSAR ⍻䟿Ⲵᖒਈ䟿Ⲵ㔃᷌ሩ∄ 

(≤߶ᮠᦞⲴᰦ䰤˖2009 ᒤ 8ᴸ 15ᰕ~2009ᒤ 11ᴸ 27ᰕ˗InSAR ᮠᦞⲴᰦ䰤˖2009 ᒤ 7 ᴸ 23ᰕ~2009 ᒤ 12ᴸ 10ᰕ) 

5.3.3 ⎧ຈᖒਈ㿴ᖻ᷀࠶ 

5.3.3.1 オ䰤࠶ᐳ 

䘹ਆ㩗ኡ४തූཆޝ㠣ཆޛᐕ⇥⎧ຈѪ⹄ウሩ䊑 (㿱മ 5-19)ˈሩަ⊹䱽Ⲵオ䰤࠶ᐳ䘋㹼᷀࠶Ǆ䈕

⇥⎧ຈ኎㩗ኡതූे㓯ˈᱟ൘ 1978 ᒤത๔Ⲵส⹰кˈҾ 2002 ᒤሩࠩ޵⇥䘋㹼㻱ᕟਆⴤਾᔪᡀˈԕ 50

ᒤа䙷䱢⍚ḷ߶䇮䇑˗նަᣔ㝊нཏ␡ˈ᱃ਇߢᦿオˈᖃѫ‭᩶ࣘѤ๔ᡆ⎼▞亦ߢᰦˈᣋ⸣ᣔඑⲴ⸣

Ǆഐ↔Ҿ(ᵪ≤࡙ተ, 2009ߌ)ཡѕ䟽ߢᯩ 2009 ᒤ 12 ᴸ㠣 2010 ᒤ 11 ᴸᵏ䰤ˈ䙊䗷ᶝᐎᐲᕪຈᐕ〻ˈᆼ

ᡀҶḷ߶ຈаᵏᐕ〻ᯭᐕˈ᤹Ⲯᒤа䙷䱢⍚ḷ߶䘋㹼Ҷ࣐പ(ᗀছẕ, 2010)Ǆ 

ཆӄ㠣ཆҍᐕ⇥⎧ຈⲴᰦ䰤ᒿࡇᖒਈⲴオ䰤࠶ᐳྲമ 5-22 ཆӄ㠣ཆҍᐕ⇥⎧ຈᖒਈⲴᰦ䰤ᒿࡇオ

䰤࠶ᐳᡰ⽪ˈަѝᡰᴹ⛩Ⲵ䐍⿫൷᤹➗മ 5-19 (b)ѝⲴй⇥ⴤ㓯 L1-3 䘋㹼Ҷ䖜ᦒǄਟԕⴻࠪ൘ 2006 ᒤ

1 ᴸ㠣 2010 ᒤ 1 ᴸᵏ䰤ˈ䈕⇥⎧ຈⲴ⊹䱽൘オ䰤к䘎㔝ˈਈॆ䎻࣯┑䏣ѝ䰤བྷє䗩ሿⲴঅጠл⊹ᴢ㓯Ǆ

ަѝ˖ཆޝ㠣ཆޛᐕ⇥⊹䱽᰾ᱮˈоަь㾯єㄟ䘎᧕Ⲵཆӄ઼ཆҍᐕ⇥ࡉ⴨ሩっᇊǄṩᦞᰦ䰤ਟ⸕˖

InSAR ⍻䟿Ⲵ⊹䱽䎻࣯оᇎ䱵ᛵߥ੫ਸǄ 
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മ 5-22 ཆӄ㠣ཆҍᐕ⇥⎧ຈᖒਈⲴᰦ䰤ᒿࡇオ䰤࠶ᐳ 

(ཆӄ㠣ཆҍᐕ⇥⎧ຈᖒ⣦кޡ⭡ L1ǃL2ǃL3 й⇥㓴ᡀˈྲമ 5-19 (b)ᡰ⽪ǄᡰᴹⲴᖒਈ٬൷ԕ 2006 ᒤ 1 ᴸ 5 ᰕѪ৲㘳˗ᡰᴹ⛩

Ⲵ䐍⿫ᦒ㇇ࡠйᶑᣈ㓯кᒦԕᐖ䗩ㅜањ⛩Ѫ䎧㇇⛩Ǆՠ䇑Ⲵᖒਈ䎻࣯൘മѝ⭘㓒㢢㓯ᶑḷࠪǄ) 
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5.3.3.2 ᰦ䰤ਈॆ㿴ᖻ 

࡙⭘ SAR ᮠᦞ઼≤߶ᮠᦞ䟽ਐᰦ䰤⸝ǃ㔬ਸ㾶ⴆᰦ䰤䮯Ⲵ⢩⛩ˈሩ䘹ਆⲴ 28 њ傼䇱⛩൘䮯䗮䘁

7 ᒤ (2006 ᒤ 1 ᴸ㠣 2012 ᒤ 12 ᴸ)Ⲵᖒਈ䲿ᰦ䰤Ⲵਈॆ㿴ᖻ䘋㹼᷀࠶Ǆ俆ݸˈṩᦞ≤߶⍻䟿Ⲵᙫᖒਈ

䟿ˈሩ 28 њ⛩䘋㹼࠶㊫ˈ㔃᷌ྲമ 5-23Ǆ⭡മਟ⸕˖ᆳԜ᰾ᱮ࠶ᡀ 4 ⿽㊫රǄӾ⇿⿽㊫රѝˈ࡛࠶䘹

ਆањԓ㺘ᙗⲴ⛩ (മ 5-23 ѝ㓒㢢ḷ䇠)ˈ䘋㹼ᰦ䰤ᒿ᷀࠶ࡇǄഋ⛩Ⲵս㖞൘മ 5-18 ѝ⭡㓒㢢ശ⛩ḷࠪˈ

ⲴחѪ˖սҾк෾४䫡ຈ⊏བྷẕьे࡛࠶ NC09ˈսҾ㩗ኡ४䰫๠䭷ই䜘Ⲵ SC31 ઼े䜘Ⲵ SC38ˈԕ

৺սҾ㩗ኡ४л⋉བྷẕьইחⲴ SC66Ǆ 

㔃ਸ InSAR ઼≤߶⍻䟿ᮠᦞˈሶഋњ⛩Ⲵ⊹䱽䟿䲿ᰦ䰤ਈॆޣ㌫ኅ⽪ྲമ 5-24˗⇿њᆀമѝˈᐖ

ॺ䜘࠶Ⲵശ⛩ᇎ㓯㺘⽪ InSAR ⍻䟿㔃᷌ˈਣॺ䜘࠶Ⲵᯩ⛩㲊㓯㺘⽪≤߶⍻䟿㔃᷌ˈᖒਈⲴᰦ䰤䐘ᓖѪ

2006 ᒤ 1 ᴸ~2012 ᒤ 11 ᴸǄ⭡മਟ⸕˖4 њ⛩Ⲵ⊹䱽䟿൘⸝ᰦ䰤㤳ത޵൷ᴹаᇊⲴ⌒ࣘˈն൘䮯ᰦ䰤

㤳തࡉ޵੸⧠ࠪ᰾ᱮⲴ㓯ᙗਈॆ㿴ᖻ˗ަ⊹䱽䙏⦷᤹➗ NC09ǃSC31ǃSC66ǃSC38 Ⲵ亪ᒿ׍⅑໎བྷǄ 

ṩᦞ 4 њ⛩Ⲵ㓯ᙗᖒਈ䎻࣯ˈሩަ⊹䱽Ⲵᰦᒿਈॆ䘋㹼㓯ᙗഎᖂ᷀࠶ˈᤏਸࠪ⊹䱽䟿䲿ᰦ䰤Ⲵ㓯

ᙗਈॆޣ㌫ˈ㔃᷌ྲമ 5-24 ѝ㓒㢢ᇎ㓯ᡰ⽪Ǆਟԕⴻࠪ˖㓯ᙗᤏਸ㔃᷌о InSAR ઼≤߶⍻䟿㔃᷌੫ਸ

ᖸྭˈ䈤᰾є⿽ᯩ⌅⤜・⍻䟿ᡰᗇⲴᰦ䰤ᒿࡇ⊹䱽䎻࣯а㠤ˈ䘋а↕傼䇱Ҷ InSAR ⍻䟿㔃᷌Ⲵ߶⺞ᙗǄ

ṩᦞᤏਸ৲ᮠˈᗇࡠ 4 њ⛩Ⲵᒣ൷⊹䱽䙏⦷Ⲵՠ䇑٬ˈྲ㺘 5-2 ᡰ⽪Ǆ⊹䱽䟿ᴰབྷⲴ SC38ᒣ൷⊹䱽䙏

⦷Ѫ 12.6 mm/yrˈަ 7 ᒤ䰤Ⲵ㍟䇑⊹䱽䟿䗮 8.7 cm˗㘼⊹䱽䟿ᴰሿⲴ NC09 Ⲵᒣ൷⊹䱽䙏⦷Ѫ 0.05 

mm/yrǄ⭡മ 5-23 ਟ⸕ˈ൘ 28 њ⛩ѝˈ⊹䱽ᴰབྷⲴ Group1 ㊫ӵᴹ 2 њ⛩˗㘼࢙лⲴ 26 њ⛩⊹䱽䙏⦷

൷ሿҾ 10 mm/yrˈঐҶ㔍བྷཊᮠˈ䈤᰾䫡ຈ⊏⋣ਓєየ⎧ຈᮤփк䖳ѪっᇊǄ 
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(ᐖॺ䜘࠶ശ⛩ᇎ㓯㺘⽪ InSAR ⍻䟿㔃᷌ˈਣॺ䜘ᯩ࠶⛩㲊㓯㺘⽪≤߶⍻䟿㔃᷌ˈ㓒㢢ᇎ㓯㺘⽪⊹䱽㔃᷌Ⲵ㓯ᙗഎᖂՠ䇑Ǆ) 

㺘 5-2 2006~2012 ᒤ 4 њ⛩⊹䱽䙏⦷Ⲵ㓯ᙗഎᖂՠ䇑٬ 

≤߶⛩ਧ SC38 SC66 SC31 NC09 

ᖒਈ䙏⦷ (mm/yr) -12.6 -9.1 -4.8 -0.05 

5.4 㔃䇪оኅᵋ 

ᵜㄐ࡙⭘ MTInSAR ᯩ⌅ˈ㔬ਸᨀਆ PS ⛩઼ DS ⛩ˈᗇࡠᶝᐎൠ४ 2006 ᒤ 1 ᴸ㠣 2010 ᒤ 1 ᴸ䰤

Ⲵൠ㺘ᖒਈᒣ൷䙏⦷࠶ᐳ઼⊹䱽䟿Ⲵᰦ䰤ᒿ࠶ࡇᐳǄоᇎൠ≤߶⍻䟿ᮠᦞⲴሩ∄ˈ傼䇱Ҷ InSAR ⍻䟿

㔃᷌Ⲵਟ䶐ᙗ઼߶⺞ᙗˈ䈤᰾䈕ᢰᵟ㜭ཏ┑䏣⎧ຈ⊹䱽ⴁ⍻Ⲵ㋮ᓖ㾱≲Ǆо PSInSAR ᯩ⌅ሩ∄䈤᰾Ҷ

䈕ᯩ⌅㜭ཏᨀ儈Ҷ InSAR ᨀਆⲴ⴨ᒢⴞḷ⛩ᮠ䟿ˈ֯ަ൘⎧ຈкⲴ⍻䟿ᇶᓖк䘌䘌䎵䗷≤߶⍻䟿ᯩ⌅Ǆ

Ҷ⧠ਁޡ 10 ༴⊹䱽⎧ຈ๔⇥˗фᶝᐎ⒮⎧ຈ⊹䱽⇥൘⊹䱽㤳ത઼ᑵᓖк൷བྷҾ䫡ຈ⊏⋣ਓ⎧ຈǄ䙊䗷

ሩ䜘ި࠶රⲴ⊹䱽⛩઼๔⇥Ⲵᰦ䰤ᒿਁ᷀࠶ࡇ⧠ˈ䫡ຈ⊏⎧ຈⲴ⊹䱽൘オ䰤кާᴹ䘎㔝ᙗˈަオ䰤࠶

ᐳ੸⧠Ѫঅጠл⊹ᴢ㓯˗൘ᰦ䰤кާᴹ᰾ᱮⲴ㓯ᙗਈॆ㿴ᖻˈᒦդ䲿⸝ᰦ䰤㤳ത޵Ⲵሿᑵᓖ⌒ࣘ˗н

਼Ⲵ๔⇥ˈަ⊹䱽䙏⦷ᴹᡰн਼ˈфབྷ䜘࠶Ѫ䖫ᓖ⊹䱽Ǆ  

ᵚᶕሶ䇮䇑ᯠⲴ༴⨶㇇⌅ԕ䘋а↕ᨀ儈⎧ຈк⴨ᒢ⛩Ⲵ࠶ᐳᇶᓖˈᒦ␡ᓖ᥆ᧈ⎧ຈ⊹䱽Ⲵ㿴ᖻ৺

ަоᡰ༴ൠ䍘઼⧟ຳⲴޣ㌫Ǆ 

  



 

64 

 

ㅜ6ㄐ ᙫ㔃оኅᵋ 

6.1 ⹄ウ㔃䇪 

ṩᦞ InSAR ⍻䟿㔃᷌о≤߶ᮠᦞⲴሩ∄ˈ傼䇱Ҷ InSAR ᢰᵟ∛㊣㓗Ⲵ⍻䟿㋮ᓖ઼߶⺞ᙗˈ䇱᰾Ҷ

InSAR ᢰᵟ㜭ཏ┑䏣⎧ຈ⊹䱽Ⲵ㋮ᓖ㾱≲Ǆ 

䙊䗷 2006 ᒤ㠣 2010 ᒤᶝᐎൠ४Ⲵ InSAR ⍻䟿㔃᷌ˈਁ⧠Ҷ 10 ༴䫡ຈ⊏⎧ຈ⊹䱽๔⇥˖3 ༴սҾ

ᶝᐎ⒮єየˈ7 ༴սҾ䫡ຈ⊏⋣ਓєየ˗фᶝᐎ⒮⎧ຈ൘⊹䱽Ⲵ㤳ത઼ᑵᓖк൷བྷҾ䫡ຈ⊏⋣ਓ⎧ຈǄ 

䙊䗷 InSAR ઼≤߶ᮠᦞⲴ㔃ਸ᷀࠶ˈਁ⧠⎧ຈⲴ⊹䱽൘オ䰤кާᴹ䘎㔝ᙗˈф੸⧠অጠл⊹ᴢ㓯

䎻࣯˗൘ᰦ䰤к੸⧠䖳᰾ᱮⲴ㓯ᙗ⊹䱽㿴ᖻˈᒦ൘⸝ᰦ䰤㤳ത޵դ䲿ᴹሿᑵᓖⲴ⌒ࣘǄ 

6.2 ᵜ᮷Ⲵࡋᯠ⛩ 

䘁ᒤᶕˈ䲿⵰ԕ≨ѵᮓሴփᢰᵟѪԓ㺘Ⲵ䴧䗮ᒢ⎹⍻䟿ᯩ⌅Ⲵᡀ⟏оਁኅˈMTInSAR ᢰᵟᐢ㓿㻛

ᒯ⌋ᓄ⭘Ҿⸯ४⊹䱽ǃ෾ᐲ⊹䱽ǃ━එⴁ⍻ǃ儈㋮ᓖ DEM ᨀਆㅹ亶ฏǄᵜ᮷࡙⭘䴧䗮ᒢ⎹⍻䟿Ⲵᯩ

⌅ˈⴁ⍻⎧ຈⲴっᇊᙗ઼⊹䱽ਈᖒˈ᷀࠶⎧ຈⲴ⊹䱽㿴ᖻˈᒦ൘ԕлᯩ⌅ਆᗇࡋᯠ˖ 

(1) ൘ഭ޵俆⅑ሶ䴧䗮ᒢ⎹⍻䟿ᢰᵟᓄ⭘Ҿ⎧ຈᖒਈⲴオ䰤࠶ᐳ઼ᰦ䰤ᒿ᷀࠶ࡇˈ㧧ᗇҶ䫡ຈ⊏⎧

ຈ 2006 㠣 2010 ᒤⲴ InSAR ᖒਈ⍻䟿㔃᷌ˈᒦ㔃ਸ≤߶ᮠᦞ᷀࠶Ҷ䫡ຈ⊏⎧ຈ 2006 ᒤ㠣 2012 ᒤⲴ㠚

❦⊹䱽㿴ᖻ˗ 

(2) ᨀࠪҶа⿽᭩䘋ⲴสҾ⴨ᒢᙗ⍻ᓖ⁑රⲴᒢ⎹㖁㔌䘹ਆᯩ⌅ˈ൘؍䇱Ҷޘተᰦ䰤ᒿࡇᖒਈਟ䀓

Ⲵࡽᨀлˈ໎࣐儈⴨ᒢᙗᒢ⎹മᮠ䟿ˈᨀ儈ᖒਈ䀓㇇Ⲵっڕᙗ˗ 

(3) 䪸ሩ⎧ຈ㓯ᙗ࠶ᐳⲴ⢩⛩ˈ䇮䇑Ҷ䶒ੁ࠶ᐳᔿⴞḷⲴ㠚䘲ᓄオ䰤└⌒ᯩ⌅ˈ㜭ཏ㜭࣐߶⺞ൠՠ

䇑㓯ᖒൠ⢙Ⲵᒢ⎹⴨ս઼⴨ᒢᙗ˗ 

6.3 ла↕Ⲵᐕ֌ 

࡙⭘ InSAR ᢰᵟ䘋㹼⎧ຈ⊹䱽Ⲵⴁ⍻о᷀࠶ˈᵜ᮷㲭❦ᨀࠪҶаӋࡋᯠˈնӽᆈ൘н䏣ѻ༴˗ᦞ
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↔ˈᵚᶕሶ〟ᶱᔰኅԕлᐕ֌˖ 

(1) ⎉⊏ⴱൠ༴ӊ✝ᑖൠ४ˈഋᆓ࠶᰾ˈഐ↔ᶝᐎൠ४ൠ⢙Ⲵᆓ㢲ᙗਈॆॱ࠶᰾ᱮˈᵚᶕ䴰㾱䘋а

↕ᆼழᒢ⎹ۿሩⲴ⴨ᒢᙗ⍻ᓖ⁑රˈሩཊѫᖡۿㆆ⮕ѝᰦ䰤৫⴨ᒢⲴᆓ㢲ᙗ㹼Ѫ䘋㹼ᔪ⁑˗ѪҶ䇴ԧ

н਼ᒢ⎹㓴ਸᯩ⌅ѻ䰤ⲴՈ࣓ˈ䴰㾱ṩᦞᴰ㓸⍻䟿㔃᷌ሩཊส㓯䴧䗮ᒢ⎹⍻䟿ѝっᇊⲴᖒਈؑ᚟৽╄

ᡰ䴰Ⲵᒢ⎹മⲴ⴨ᒢᙗ઼ᮠ䟿䘋㹼ᇊ䟿ൠ䇴ԧ઼⍻䟿Ǆ 

(2) ᇊ䟿᷀࠶⎧ຈⲴਾੁᮓሴᵪ⨶Ǆ⎧ຈⲴཆᖒ㔃ᶴ㿴ࡉˈަඑ亦ᇭᓖ䙊ᑨѪ 6~10 ㊣ˈሿҾѝㅹ

SAR ছᱏᖡۿオ䰤࠶䗘⦷ (30 ㊣)ˈഐ↔ྲօ⺞ᇊ৽╄ᡰᗇⲴᖒਈؑ᚟ާփ৽᱐൘⎧ຈ㓶㢲䜘࠶Ⲵᖒਈ

䘈䴰䘋а↕⹄ウǄ 

(3) 㔃ਸ⎧ຈⲴ؞ㆁশਢˈሩн਼ᔪㆁ㔃ᶴⲴਔ⎧ຈ઼ᖃԓ⎧ຈⲴ⊹䱽⧠⣦઼⊹䱽㿴ᖻ䘋㹼᷀࠶Ǆ 
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