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 ₿≥√ ” ‚Ῥ⁴ „ₐ└ⅎ↨⌐╒⅍‗≠╒≤₮₈↨⌐╒⅍” ”

‖  ⁵‍῀ ‚ῷ῾⁴ ” „Ω₦⅍⅔₦₰₀  ⁴ ‖ ‖Ῥ

⁴῀ ᾿℅∂№⅍ ”⁭ῲ’ ‚„ Ό  ―ῷ⁯᾿ ‚ ῲ

” ” ” ‾ ‖Ῥ⁴  ͂Ὸ ’Ό⁮ 4000 6000m ” Ό ’⁴

 ΅ ”‍‼᾿GPS ’‘₀ ΅‍​” ‖” „ ₀ ‼⁴῀ ₀ ΅‍≥

∟╒⅍₲└₮└₧₀ ΅⁵‟᾿ ‚ Ὸ ‚ Ὸ– ‚ ₀ ῲ ‗Ό

⁴῀ 

 ‖„᾿ ᾿JAXA Ό 2006 1 ‚ ‏  ‍

ALOS(Advanced Land Observing Satellite, Ή‎΅‏ῌ)‚  ⁵‍ ⌐╒

⃰╒PALSAR Ό 2007 9 Ὸ⁮ 2009 6 ‴‖‚  ‍ –”℮╒₿Ὸ⁮‾‗‚᾿

‗ ” –” ₀  ‍῀ 

1– „₿≥√ ‚  ⁴ ” ‖ 2008 3 20 ‚  ‍

Mw7.1 ‚ ῲ ‖Ῥ⁴῀ ‗ ―᾿Shao and Ji (2008)‚⁭⁯

”℮╒₿Ὸ⁮ₐ└ↄ╒₯≡└Ό ⁸⁵―΅⁴῀ ‖„ ℮╒₿₀ ΅⁭⁯ ’

∟℮⌂₀  ⁴ 2͂008 1 26 ‗ 4 27 ‚  ‍℮╒₿₀‾‗‚
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₀ ‒‍῀ 

2– „ ” ” ‖Ῥ⁴῀ ” ‹ ⁸ ‖↓₦₲⌂₡↔₲№⅍

₀ ΅ ” ₀  ⁴ ‗Ό ‍῀ ” ‚Ῥ‍⁴ 92 ‖ ₀ ⁴

‗ ‚ 25m₀   ₀  ‍῀‴‍᾿   ‚  ⁵‍℮╒₿” ₀

 ᾿ ‚⁭⁯ ” Ό ₀ ῾―΅’΅Ὸ᾿ ‚„  ⁵―΅⁴

‚–΅― ῀‍‮ 
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  „ ‼‚ 

1.1 ‚⁭⁴  

 ” ” ‚ ΅ 1970 Ὸ⁮ VLBI (Very Long Baseline Interferometry) ᾿

SLR (Satellite Laser Ranging) ᾿GPS (Global Positioning System) ‗΅‒‍

Ό  ―Ὼ‍῀ ‚ GPS„ ᾿ Ό ῼ ” ₀  ⁴”‚⁭ῼ ΅

⁮⁵⁴῀ Ὸ ᾿GPS ‚⁭⁴ „ ‚ ₀  ⁴ ΌῬ⁴‍‼᾿ ‚

Ό Ὸ⁮’΅ ‚⁭⁴ ₀  ⁴‚„ ” ₀ ‼⁴ ‚

„’΅ ‴͂‍᾿ ” ₀  ⁴‍‼‚„ ‚₈└Ω⅓₀  ⁴ ΌῬ⁴῀

⁭ ‚⁮‏‘  ΅ 4̓000 ₀ ῴ⁴ ’‘‖„ ₀ ‼⁴ ​͂ῲ ‍ 1̓990

Ὸ⁮ ” ” ‗ ― ⌐╒⃰ (Synthetic Aperture Radar; SAR) ₀

 ‍ Ό ₀ •―Ὼ‍῀ ” ‖  ’Ό⁮∕ₐ₦⌠ ₀ ‚  

⁴ ”℮╒₿₀ ΅⁴ ‗‖᾿ ‚ ₀   ‚ Ὸ– ΅ ₀

‾– ₀ ‚ ’ῼ  ⁴ ‗Ό ‗’‒‍῀ ₀  ‍

’ ‚ Landers ΌῬ⁴(Massonnet, D. et al. 1993) ῀ Ὸ– ΅ ‖

” ₀ ῴ‍ „ ᾿ Ὼ’ ₀ ₁‎ ​͂” ‾ ” ‚ ΅᾿ ῃ

’ ” Ό  ⁵―Ὼ‍῀2002 ‚„⅝⌂ₒₓ╒᾿₰┘₇╒⌂ↄ⌂ ”

Monacobreen ” ” ” Ό  ⁵(Tazio Strozzi. et al. 2002) 2̓007 ‚„↑∕

≤∫ ” Ό  ⁵―΅⁴(Adrian Luckman. et al. 2007)  ͂⁵⁮” ‖„ ‖‚

 ⁵―΅⁴ ‗  ΅ ‖ ” ₀ ΅᾿SAR ₀  ‍ ” ”

Ό  ⁵―΅⁴῀ 
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1.2 ”  

 ”⌐╒⃰₈└Ω⅓” „​” ‚  ᾿ ” ’∕ₐ₦

⌠ ” ᾿←⌂₰ ‚  ⁴῀ Ὸ ᾿₈└Ω⅓” Ὼ ⁞←⌂₰ ‖ ’

‚„ ΌῬ⁴῀​”‍‼ ₀  ⁴‍‼‚℅∩╒↨←⌂₰‗ ”

Ό ΅⁮⁵―΅⁴῀ 

 

1.2.1 ⌐╒⃰ ”₯₡∞⅍≥ 

 ⌐╒⃰ „ ₀ ‒―΅‍ ‗” Ὸ⁮ ” ₀ ‒―΅⁴῀ ”

₀₈₯∕₰ (Azimuth direction) ῀ Ὸ⁮ ‭ ₀  ⁴ ₀₰≤└

⅍⌐└₯(Slant range) ῀ Ὸ⁮₰≤└⅍⌐└₯‴‖” ₀₡↔⅓℮₉₈ ῀₰≤└

⅍⌐└₯₀ ‚  ‍ ₀₧≤└ⅎ⌐└₯(Ground range)‗ •‴ ῀ ⌐

╒⃰„ ‚  ⁴€ₐⅎ⌂№₤└₧ ”‍‼᾿ ‖  ‗ Fig1.1”⁭ῲ‚

’⁴῀ ‚ ⁯Ό’῾⁵‟ ⌐└₯„₰≤└⅍⌐└₯₀  ‾”‗ ⁴῀ 

 

 

 

 

 

 

 

 

 

 

1.2.2 ‚ῷ῾⁴  

 ‴ ᾿ ”∕ₐ₦⌠ ₀ ΅‍ ” ‚–΅― „⃰╒⌐῀⁴‮

‖  ⁵‍ ₀   ₀ ῲ‍‼  ⁴ Ό ΅‰‘ „  ⁴῀

‚  ⁵⁴→╒√ ɝ—ὃ„⌐└₯ Ὑ0᾿ ʇ̓ ₈└Ω⅓ DA₀ ΅― ” ‖  

⁵⁴῀ 

ɝ—ὃ= 0.88
ʇὙ0

DA
                                                                        (1.1) 

ʇ„ ‖Ῥ⁴‍‼᾿ ΅→╒√₀  ⁴‍‼‚„ ΅₈└Ω⅓Ό ‚’⁴῀ 

 ⌐└₯ ” ‚„←⌂₰ ὝὴΌ ⁸‒―ῼ⁴῀ ‚ A B̓ Ό

  ​̓⁵‌⁵”⌐└₯ RA᾿RB ₧̓≤└ⅎ⌐└₯” ₀ɝὣ̓ —Ὥ‗ ⁴(Fig1.2 (a))῀ 

 

 

 

Slant range  

Ground range  
Slant range direction  

Ground range direction  

Azimuth direction  

Fig.1.1  SAR ‚ῷ῾⁴₯₡∞⅍≥ 

off-nadir  angle 
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←⌂₰₀  ‍ ₀ὸ= 0‗ ⁴῀ A‗ B ” Ό ῼ’⁴‗​⁵‌⁵”≥₿╒

└” Ό ’‒― ‴΅ –₀  ⁴ ‗Ό ‗’⁴(Fig1.2 b )῀–‴⁯᾿ ”

ɝὣ„ 

ɝY =
cὝὴ

2sinʃi
                (1.2) 

‗’⁯᾿←⌂₰ Ὕὴ‚⁭‒―  ⁵⁴῀ 

 ₀  ⁴‍‼‚ ’ ‚„ ΌῬ⁴῀‴‍ ‚  

⁴⅝ₐ₱”‍‼᾿ ΅←⌂₰₀ ΅⁴ ‚„ Ὼ’ Ό ‗’‒― ‴΅᾿ ‚

ΌῬ⁴ ‖„ ‴ ῼ’΅῀​”‍‼ ₀  ⁴‍‼‚℅∩╒↨←⌂₰‚⁭

⁴←⌂₰ ‗ Ό  ⁵―΅‴ ῀ 

 

1.2.3 ℅∩╒↨←⌂₰ 

 ℅∩╒↨←⌂₰(Chirp Pulse) ‗„ Ό ‗‗‾‚ ‚  ⁴ FM ←⌂₰

(Linear Frequency Modulation Pulse) ” ‗‖ ” ‖  ⁵⁴῀ 

ὺὸ= ὶὩὧὸ
ὸ

Ὕὴ
cos ‪ὸ                                                             (1.3) 

‪ὸḳ2ʌ Ὢὧὸ+ ὑὶ
ὸ2

2
                                                             (1.4) 

  ‖᾿Ὕὴ„←⌂₰ ῀Ὢὧ [GHz]„ ῀ὑὶ„℅∩╒↨ ῀ὶὩὧὸ(ὸ/Ὕὴ)„  

Ὕὴ” ₀  ‴ ῀ ‪(ὸ)” Ὢ(ὸ)„ 

Ground range  

ɝὣ 

RB 

RA 

ɝὣsin—Ὥ 

—Ὥ 

B A 

Fig.1.2 ₧≤└ⅎ⌐└₯ ”  

A B 

2RA/ c 

2RB/ c 

Ὕὴ 

ὸ 

(a) 

(b) 

RA ,RB ḻɝY 

c :  
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Ὢὸ=
1

2“

Ὠ‪

Ὠὸ
= Ὢὧ+ ὑὶὸ                                                              (1.5)  

‗’⁯᾿ ‗‗‾‚ ‚  ⁴ ‗Ό Ὸ⁯‴ ῀←⌂₰ „ ‴‒―΅⁴

‍‼᾿ Ό  ⁴ ‗ ―ↄ└ⅎ Ό  ⁵⁴῀ 

ὄύ
ὶḳὑὶὝὴ                 (1.6) 

ↄ└ⅎ „ 10MHz ” ‖Ῥ⁴Ό᾿ ” „ ” ‚  ⁵―΅⁴ ​͂”‍

‼᾿⌐└₯ Ὑ0‖  ᾿₲└€╒‚  ⁴℮╒₿„t0 = 2R0/ c ‗ ― 

ὺὶὸᶿὶὩὧὸ
ὸ ὸ0
Ὕὴ

cos‪ὸ ὸ0            (1.7) 

‗’⁴Ό ‚„ ” Ὢὧὸ [GHz]„↔₉⌂₿‚⁭⁯ ‗ ⁵᾿ ”‹Ό

℮╒₿‗ ―  ⁵⁴῀ 

ὺᶻὶὸ= ὶὩὧὸ
ὸ ὸ0
Ὕὴ

exp  Ὦ‪ὶὸ ὸ0                                               (1.8) 

‪ὶὸ ὸ0 ḳ2ʌ ὑὶ
ὸ ὸ0

2

2
Ὢ0ὸ0  

      = 2ʌ ὑὶ
ὸ ὸ0

2

2

2Ὑ0

‗
                                              (1.9) 

 ⁵Ό ‚  ⁵⁴⌐└₯ ” ℮╒₿(raw data)‗’⁴῀ „ ↔₉⌂₿

(Matched filter) ‚Ὸ῾⁮⁵᾿ ‗ ― ” Ό  ⁵⁴῀ 

ὺέόὸὸ= ὝὴίὭὲὧὑὶὝὴὸ ὸ0                                                     (1.10) 

‍‎ ᾿sinc = sin ὼ/ὼ ‖Ῥ⁴῀ ” ‚„΅ῼ–Ὸ” ΌῬ⁴Ό  ‖„⌐╒

≥╒ ₀  ⁴῀⌐╒≥╒ „sinc(ὼ)Ό↓╒₦Ὸ⁮ ‼― ‗’⁴ ₀

‗ ⁴‾”‖᾿ ” ₀ ΅⁴‗  ⁵‍←⌂₰” Ὕέόὸ„ 

Ὕέόὸ=
1

ὑὶὝὴ
=

1

ὄύὶ
                                                                  (1.11) 

‗’⁯᾿ↄ└ⅎ ” Ό ”←⌂₰ ‗’⁴῀(1.2) ⁭⁯℅∩╒↨←⌂₰₀

΅’΅ ᾿⌐└₯ ” „ 

ɝὶ=
ὧὝὴ

2
                                                                          (1.12) 

℅∩╒↨←⌂₰₀ ΅‍ „ 

ɝὶέόὸ=
ὧὝέόὸ

2
=

ὧ

2ὑὶὝὴ
=
ὧ

2ὄύὶ
                                                       (1.13) 

℅∩╒↨←⌂₰₀ ΅⁴ ‗‚⁭⁯←⌂₰ ‗ ΌὑὶὝὴ
2 ‚  ⁵―΅⁴ ‗Ό

Ὸ⁴῀ ὑὶὝὴ
2 (= Ὕὴὄύ

ὶ)„ Time -Bandwidth Product ‗ ‟⁵⁴῀–‴⁯℅∩╒↨←

⌂₰₀ ΅⁴ ᾿ↄ└ⅎ Ό ΅‰‘⁭⁯ ΅ Ό  ⁵⁴ ‗Ό Ὸ⁴῀

Ό←⌂₰ ” ‖⌐└₯ ” ‚  ⁵―΅⁴῀ 
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1.2.4 ⌐╒⃰ Synthetic Aper ture Radar : SAR  

⌐╒⃰‗„₈₯∕₰ ” ₀ ‼⁴ ” –‖Ῥ⁴῀ ‗„

‚∕ₐ₦⌠ ₀ ‚  ⁴ ‗‖᾿ ‚ ‚  ⁴₈└Ω⅓₀  

⁴ ” ‗‖Ῥ⁴῀​⁵‚ ῴ᾿ⅎ№↨≤╒ ₀  ℅∩╒↨←⌂₰” ‗ ‍

₀ ΅⁴ ‗‖₈₯∕₰ ” Ό  ⁵―΅⁴῀ 

‖„₈└Ω⅓ ‚  ‍ Ὸ⁮ Ό  ⁵⁴῀ ‖„

Ό​” ‚  ⁴(Fig1.3)῀ 

 

 

 

 

 

 

 

 

 

 ― ₀ ῲ ‗‖ ‚ Ὼ’ Ό  ⁵⁴῀  ⁵⁴ „

” A Ό→╒√₀ •―΅⁴ ‚ Ό  ‍ ᾿–‴⁯᾿(1.1) ‖  ⁵

⁴ ”→╒√ Ό ‖Ῥ⁴῀ ‗ ― ALOS/PALSAR ” ₀ ⁵―‹⁴‗

„ 16km ‗  ⁵⁴῀ 

 ₈₯∕₰ „ ‚ ῴ―᾿ⅎ№↨≤╒ ₀  ‍ Ό ΅⁮⁵―΅

⁴῀ ‎῾₀ ₰⧵₯₈᾿‗⁴‮ ” ɝὥ„ 

ɝὥ=
Ὀὃ
2

                                                                       (1.14) 

‖ ῴ⁮⁵᾿ ” ⁞ ‚⁭⁮ ₈└Ω⅓€ₐ₱”‹‖  ⁵⁴῀ 

 

 

 

 

 

 

 

 

 

 

 

  
₈₯∕₰  

₈└Ω⅓  

 

 
A A 

Fig.1.3 ”  
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1.3 ALOS/PALSAR ‚–΅― 

  (Japan Aerospace Exploration Agency; JAXA) ‚⁭⁯ 2̓006 1

24 ‚ Ή‎΅‏ῌ(Advanced Land Observing Satellite; ALOS) Ό ‏

 ⁮⁵‍῀  ⁵‍℮╒₿„ ” ₀„ ‼‗  ῼ” ‖ ⁵‴‖

Ό ⁵―Ὼ‴ ‍ ↔͂ₓ╒₱ⅎ₈⌐ₐ L ↄ└ⅎ ⌐╒⃰ PALSAR „ ALOS

‚  ⁵―΅⁴ ₲└€╒” –‖Ῥ⁴῀↔ₓ╒₱ⅎ₈⌐ₐ ‗„  ⁴∕

ₐ₦⌠ ” ” Ὼ₀ ῴ⁴ ‗‖₈└Ω⅓” Ὼ₀ ῴ ‚∕ₐ₦⌠ ”

₀ ῴ⁴ ‗Ό ⁴ ” ‗‖Ῥ⁴ T͂able1.1„ ALOS/PALSAR ” ’℮╒₿‖Ῥ

⁴῀∟╒ⅎ” FBS ‗ FBD „  ⁴ ” ΅‖᾿FBD „​” ‹ ᾿ↄ└ⅎ Ό

FBS ” ‗’⁯⌐└₯ ” ‾ ‚  ⁴῀ 

 

 

 

 

 

 

1.4   

 ‖„≥∟╒⅍₲└₮└₧” ₀ ΅― A̓LOS/PALSAR Ό2007 9 Ὸ⁮2009

6 ‴‖‚  ‍ –”℮╒₿Ὸ⁮‾‗‚᾿2008 3 20 ‚  ‍

Mw7.1 ‚ ῲ ‗ ‚ῷ῾⁴ ” ” ₀ ῲ῀​ ―᾿ ⁮

⁵‍ Ὸ⁮᾿ ” ₀ ῲ῀ ” „ ”⅍⌐└ⅎ‚ Ὼῼ

₀ ῾⁴῀‴‍ GLOF Glacier Lake Outburst Flood; ’‘”

”‍‼‚‾ ” „ ‖Ῥ⁴῀ ‖„​ ‴‖ ῼ ⁵ ᾿ ‚⁭⁴ ”

‗ ‖ ” ” ‚–΅― ₀ ‗ ―΅⁴῀ 

 

 

 

 

Mode  FBS  FBD  

Center 

Frequency  
1270 MHz(L -band) 

Recurrent Period  46 days  

Inclination   Approx. 98°  

Off -nadir angle  34.3°  

Chirp Bandwidth  28MHz  14MHz  

Polarization  
HH  

VV  

HH+HV   

VV+VH  

Incident angle  8 60° 8 60° 

Range Resolution  7 44m 14 88m 

Table1.1 ALOS/PALSAR ” ℮╒₿ 

 

Fig.1.4  ALOS image. (C) JAXA  
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2  ║  

2.1  ║  

₿≥√ ᾿ ℅∂№⅍ ‗ ₒₐ₧⌂ ” ‚Ῥ⁴ Ό

” ‖Ῥ⁴῀4000m ₀ ῴ⁴ ‗΅ῲ ‗‾Ῥ⁯᾿ ” ‚ῷ῾⁴

” „  ⁵―΅’Ὸ‒‍῀ 

 

 

 

2.2   ‍℮╒₿ 

2.2.1  ALOS data  

 ‖  ‍℮╒₿„ 2007 9 Ὸ⁮ 2009 6 ‴‖‚ ALOS/PALSAR ‚⁭⁯

 ⁵‍℮╒₿₀ ΅‍(Table)῀ „ 515῀ ₀₢ↄ╒ ⁴‍‼ row 690

‗ 700₀  ―  ‍῀ ₐ∂└⅍ ”℮╒₿₀Master᾿ₐ∂└⅍ ”℮╒₿₀

Slave ‗  ⁴῀ Mw7.1 ” ‚„ 2008 3 20 ₀ ›᾿

2008 1 26 ‗ 4 27 ”℮╒₿₀ ΅‍῀ ” ” ‚„ ” ‹

⁸ ‖ ₀ ‒‍῀ 

 

 

 

 

 

 

 

 

 

 

Observe date  

(YYYYMMDD) 
Mode  Incident angle  

20070910 FBD 39.1463  

20071211 FBS 38.9271  

20080126 FBS 38.9368  

20080427 FBD 39.1392  

20080612 FBD 39.1269  

20080728 FBD 39.1517  

20081213 FBS 38.9371  

20090128 FBS 38.9318  

20090615 FBD 38.9318  

Fig.2.1    

 

Table2.1 ℮╒₿” ∟╒ⅎ‗    

 

⌐└₯  

₈
₯
∕
₰
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2.2.2   ∟℮⌂(Digital Elevation Model ;  DEM)  

 ∟℮⌂„ ” ₀  ⁴ ‚  ⁵⁴῀ ‖„ SRTM ₀  

‍῀SRTM „ NASA ” SRTM(Shuttle Radar Topography Mission ) ‖  ⁵‍℮╒₿

Ὸ⁮  ⁵‍ ∟℮⌂Ὸ⁮ ₀  ‍℮╒₿‖Ῥ⁴῀ „₈∞≥₢

‖ 1 ∞№₮≈ 30m ᾿ ₀ ῼ ‖ 3 ∞№₮≈ 90m ” ‖

(http://srtm.csi.cgiar.org/ ) ⁵―΅⁴῀ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.2 ” ∟℮⌂ [m]  
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2.3  SAR℮╒₿”  

2.3.1  SAR  

 ‚  ⁵‍℮╒₿„ ℮╒₿(raw data )‗ ‟⁵⁴῀raw data „ ”

₿╒₩№⅍” ‴⁯‗ 2 ₐ└←⌂₰ ‗” ‹ ‹ ” ‖Ῥ⁴‍‼ Range

‗ Azimuth ‭  ’῾⁵‟ ‗ ― ―‾ „’΅῀ ₔ≥₈” ₀

⁯  ‍‼‚„ raw data Ὸ⁮ ”₈⌂₫≥₱√‚⁭⁯℮╒₿ ₀ ῲ ΌῬ⁴῀

‖ ‒‍ „ Range-Doppler Algorithm ₀  ‍῀raw data ‚ ₀  ‍ ᾿

SAR Ό  ⁵⁴(Fig 2.3)῀Fig2.3 „ ₀  ‍ ‖Ῥ⁴῀⌐╒⃰ (Range 

Doppler Coordinate  : RDC)‖  ⁵⁴‍‼᾿ ” ΅ ” ’‘„⌐└₯ ‚ —

΅―΅⁴⁭ῲ‚ ῴ⁴῀‴‍᾿ ” ‗’⁴ ⁞ „ Ό ’΅‍‼

‖„ ῼ ⁴῀ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

raw data  

Estimation of D oppler  Ambiguity  

and Doppler Frequency  

Range Compression 

Auto Focus 

Azimuth Compression  

Multi Looking  

SAR image (Fig2.3)  

Chart 2.1 SAR ‴‖” ⁵ 

 

Fig.2.3  ⁵‍ SAR image ” ῀ 

 

Azimuth  

Range 
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2.3.2  ⌐╒⃰(Interferometric SAR ; InSAR ) 

 InSAR (Interferometric SAR) ‗„ ‾ ῼ„ ‚ ’⁴ ” 2₲№⅍”

 ―΅⁴ ₀   ― ⁞ ₀  ⁴ ‖Ῥ⁴῀ ΅

‍ „ ₀   ₐ∂└⅍₀ ΅‎ 2 ” SAR ₀ ΅ ₀‗⁴ ‗‖

” ₀  ⁴ SAR Differetial InSAR: DInSAR ‗ ‟⁵⁴ ‖Ῥ⁴῀

 Ὸ ᾿InSAR ‗ ‚ ῲ ‰‗₁‘ ⁵₀  ῀  ‍ „ ₀ 3

‚‗⁮ῴ‍‾”‖„’ῼ᾿ ₀ ” (Line of Sight : LOS ) (‰′⌐└₯

‗ )‚  ‍‾”‖Ῥ⁴ ‗‚  ⁴ ΌῬ⁴῀ 

 ” „∫└₧” ‖ ⁮⁵⁴ ” ‚ ―΅⁴῀ ” ‖„

” ‒‍ Ό₰≥№⅍S1‗S2₀   ⁵‍ ‖ ₀ ⁴ ‗Ό ⁴῀

Ό ‖Ῥ⁵‟ „ ‚ ⁵ ‚ ᾿‴‍ Ό  ⁴’⁮​”  

‚  ‍ ‚ Ό ⁵⁴῀InSAR ‚ ‒― ῴ⁴‗᾿ ” ‒‍ Ό

∕ₐ₦⌠ ᾿₰≥№⅍Ό ” ᾿ Ό ‚  ⁴῀ –”℮╒₿” Ό

‗ ― ‚ ⁵⁴῀ Ό  ⁴ ‚„ ” ⁵‚⁭⁴

(‰έὶὦὭὸ)᾿ ” ‚⁭⁴ (‰ὸέὴέ)᾿ ║ ” (‰ὥὸά , ‰Ὥέὲ)᾿​ ―᾿

‚ Ό  ⁵‟ ” Ό (‰ὨὭίὴὰὥὧὩ)‗ ― ⁵⁴῀ 

ɝ‰= ‰έὶὦὭὸ+ ‰ὸέὴέ+ ‰ὨὭίὴὰὥὧὩ+ ‰ὥὸά + ‰Ὥέὲ+ ‰ὲέὭίὩ                            (2.1) 

‾ ᾿ ” ⁵Ό’῾⁵‟ ‴‖” –”℮╒₿” ’ „  ῼ᾿ „

” ‗ ║ ” ”‹Ό ῴ⁮⁵⁴῀ Ὸ ᾿ „ ” ⁵Ό  

⁴‍‼᾿ ” ₀ ⁴‍‼‚„​⁵⁮₀  ⁴ ΌῬ⁴῀‴‍᾿ ” Ό

⁵ Ώ⁴‗ Ό ‚’⁯ ’ ₀ ῴ ₀ Ὼ   ᾿ Ό

‗’⁴῀ ” ₀  ‍”’⁮‟ ” ɝr‗ ɝה„∕ₐ₦⌠

” ₀  ᾿ k ₀ ΅― ” ‖  ⁵⁴῀ 

ɝ‰= 2Ὧɝὶ                                                                        (2.2) 

L -band 1270 MHz ” ₀ ‗ ⁴‗ 6̓ʌ” „ 34cm” ‚

 ⁴῀ 

 SLC Ὸ⁮ ₀ ‴‖„ chart 2.2 ” ⁵‚’⁴ ‴͂  ” ⁵₀

  Ό  ⁵⁴(Fig2.4a)῀ ” ‖„‴‎ ⁞ Ό  ⁴

(Fig2.4c)῀​”‍‼᾿ ‚ ‚ ΌῬ⁴Ὸ₀  ⁴ ‗„  ΅(Fig2.4b)῀

‗ DEM Ὸ⁮ ‗ ₀  ‍ Ό Fig2.5 ‖Ῥ⁴῀ ‚„

⁮⁵’Ὸ‒‍ ₀ ‚ ⁴ ‗Ό ⁴῀‍‎ ᾿ ” ‖” „ ‚

 ―΅⁴”‖„’ῼ ʌῸ⁮ʌ” (wrapped phase)‖Ῥ⁴῀ ” ₀–’ ⁴ „

phase unw rapping ‗ ‟⁵⁴῀ Ό ΅ „ unwrapping ₀   ⁴”‖∕₰₦Ό

῾⁮⁵⁴῀ ‚ ₀⌐╒⃰╒ Ὸ⁮ UTM ‚   Fig2.6Ό  ⁵⁴῀

΅ „∕₰₦Ό ῾⁮⁵‍ ‖Ῥ⁴῀ ” ‾ ‴⁵―΅⁴Ό᾿ ” ₀

ῴ⁴ Ό ―΅⁴῀ 
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Fig.2.4  (a)‗​” (͂c)” ” ’ Ό ​̓

” ” ” ‹Ό (͂b)‚„ ᾿ ‚ ῴ― ‾ ‴

⁵―΅⁴῀ 

Chart 2.2 ‴‖” ⁵ 

Phase unwrapping  

”  

᾿ ”  

⁸  

SLC2(slave) 

Co-registered  SLC2 

SLC1(master)  

 (Fig2.4)  

(wrapped) (Fig2.5)  

(unwrapped in UTM) (Fig2.6)  

 

(a) 

(c) 

(b) 



 

- 12 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.3  SAR ↓₦₲⌂₡↔₲№⅍ : Intensity Tracking  

 SAR ↓₦₲⌂₡↔₲№⅍ ‗„ ” ₲№⅍” SAR ₀ 1 ↓₦₲⌂⁭⁯‾

Ὸ΅€↕↓₦₲⌂” ‖ ”∕№℅└₧₀ ῲ ‗‖ ₀   ₀

 ⁴ ‖Ῥ⁴῀₪↑╒⌐└₰₀ ῲ ‗᾿ ₀ ῲ ΌῬ⁴Ό᾿ ΅‍”„

” ₀ ῲ ⅍≤№₤└₧(Intensity Tracking) ‖Ῥ⁴῀ ‚ ‗⁴‮

Ό ᾿⁴Ό‏ ‚ ῴ―₈₯∕₰ ” ₀ ‖Ὼ⁴ ‗᾿ Ό ῼ‗‾

₀ ῴ⁮⁵⁴ ‗᾿ Ό​”‴‴  ⁵⁴”‖ unwrapping ₀ ῲ Ό’΅ 

‗Ό ‚’⁴῀ 

 

 

 

 

 

 

 

  

Fig. 2.5 (wrapped) : 

‖„ Ὸ⁮’Ὸ‒‍ Ό ‚

⁵⁴ .  ” ‖„ „ ʌ Ὸ⁮ʌ 

‴‖” ₀ ‒―΅⁴῀ 

Fig. 2.6 (Unwrapped in 

UTM) : ‚  ⁵⁴ . 

” „6ʌ ‖  ―΅⁴῀ 

Azimuth  

Range 

6ʌ 

Azimuth  

Range 

  

N 
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2.3.4 ‚–΅― 

 ‗↓₦₲⌂₡↔₲№⅍ ‖  ⁵‍ „ ” 3 ₀⌐└₯

‗₈₯∕₰ ‚  ‍‾”‖Ῥ⁴ ⌐͂└₯ ₈̓₯∕₰” Ὗὶὥὲ ,ὟὥᾀὭ‗ ὟὉ̓

Ὗὔ̓ Ὗὤ” „ ₀ Ὸ⁮ ⁯‚ ‒‍ Heading  Ὄ‗

‭” —Ὥ₀ ΅― 

Ὗὶὥὲ
ὟὥᾀὭ

=
ὧέίὌίὭὲ—Ὥ ίὭὲὌ ίὭὲ—Ὥ ὧέί—Ὥ
ὧέί Ὄ ίὭὲὌ 0

ὟὉ
Ὗὔ
Ὗὤ

                        (2.3) 

” ” ALOS/PALSAR Ὄ= 8¯,—Ὥ= 39¯₀  ⁴‗ 

Ὗὶὥὲ
ὟὥᾀὭ

=
0.62 0.11 0.78
0.17 0.98 0

ὟὉ
Ὗὔ
Ὗὤ

                                  (2.4) 

 ” „ ‚  ⁴ ‖‾Ῥ⁴῀–‴⁯᾿₈₯∕₰” „ ‚ Ό ΅῀‴

‍⌐└₯ ” „ ‚ Ό ῼ᾿3 ₀ – ‗Ό Ὸ⁴῀ 

 

2.4  Okada(1985᾿1992) 

 Okada(1985, 1992)„​⁵‴‖  ⁵―΅‍ ₀‴‗‼᾿ ” ‚

₀  ⁴ ‗‖ ” ’ ₀ ‚  ⁴ ∟℮⌂(Okada 

model)₀  ‍῀ ‖‚  ⁵―΅‍ ” ‚ ” ⁵⁞

’‘₀  ‍‾”‖᾿ ” ⁵” ⁞ ‗ ║ ║ ‹ ₀ ”

←≤∞╒₿‖ ‖Ὼ⁴⁭ῲ‚ ῾‍‾”‖Ῥ⁴῀ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᾀ 

ώ 

ὼ 

ᾀ= Ὠ 

ὒ 

ὡ 
 ‏

╤  

╤  
╤  

Fig.2.7 Okada model ‚ῷ῾⁴₯₡∞⅍≥ 

North  
Strike angle  

Dip angle  
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3   

3.1  (Yutian) ‚⁭⁴  

2008 1 26 ‗ 2008 4 27 ”℮╒₿₀‾‗‚ ₀ ‒‍ ᾿Ῥ⁴

₀ ‚ ― ‚   ‖ 180cm  Ὸ⁯᾿ ‖ 20cm —ῼ ‚⁭

⁴‾”‗ ⁸⁵⁴ ₀ ῴ⁴ Ό ‍(Fig .3.1) ↓͂₦₲⌂₡↔₲№⅍‖ ⁮⁵‍ ₀

 ‍‗ ⁶ ⌐̓└₯ ‖„ ‗ ” Ό  ⁵‍(Fig .3.2) ₈͂₯∕₰

‖„ Ό ‚ 150cm₀ ῴ⁴ ₀  ‍(Fig .3.3)῀ 

 

 

 
Fig 3.1 ” . ( )‗​”

( ). 

” „6ʌ 

 

[m]  

0.62 × ὟὉ+ 0.11 × Ὗὔ 0.78 × Ὗᾀ 

₈₯∕₰ 

⌐└₯ 

( 6ʌ) 
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×
1

0
6
 m

N
 

 

× 105 mE 

10 

5 

0 

[m]  

Fig 3.2 ↓₦₲⌂₡↔₲№⅍ ⌐└₯ ” . ( )

‗​” ( ). 

[m]  

0.62 × ὟὉ+ 0.11 × Ὗὔ 0.78 × Ὗᾀ 

₈₯∕₰ 

⌐└₯ 
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×
1

0
6
 m

N
 

× 105 mE 

 

[m]  

[m]  

× 105 mE 

×
1

0
6
 m

N
 

Fig. 3.3 ↓₦₲⌂₡↔₲№⅍ ₈₯∕₰ ” . 

( )‗​” ( ). 

0.17 × ὟὉ+ 0.98 × Ὗὔ 

₈₯∕₰ 

⌐└₯ 
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3.2  ”  

 ↓₦₲⌂₡↔₲№⅍ ₀ ”∆₈‖ ‒‍ ᾿ Ό 1000m ”℮╒₿

” ‹ ⁸ ‖ ” ₀  ⁴ ‗Ό ‍῀ ‚ FBS ‖ Ό 300m

”∆₈„ ” ₀ ‚  ⁴ ‗Ό ‍῀ Ό 1500m₀ ῴ⁴∆₈„ Dem

”ₔ≤╒Ό᾿ ‚ ‚ ⁸⁵‍ ‖ ῼ  ⁵― ‴΅ ₀  ⁴ ‗„‰

‗₁‘ ’Ὸ‒‍῀ 

 

 

 

℮╒₿‚„ ⁸ ”ₔ≤╒‚  ⁴ Ό ‴⁵―΅⁴῀​”‍‼ ” Ὼ

₀ ⁯  ‍‼ ” ₀ ‒‍ 3͂0m₀ ῴ⁴ „ Ὸ⁮ ‗  M̓edian 

Filtering ₀ ‒‍῀ ” ‗„ ⁮Ὸ‚ ”’΅ₔ≥₈‚∕₰₦₀Ὸ῾᾿℮╒₿

₀ ‚ ⁮ ‍‼᾿ ₀ 0.7m‗ ― Quad tree decompotion e.g., Jonsson et al., 

2002 ” ₀ ‒‍῀ 

‴‍℮╒₿‚⁭⁯ „ ’‒―΅⁴‍‼  ‍ „ ₰₨╒⌂Ό ‒―΅

’΅῀​”‴‴‖„℮╒₿₀  ⁴ ‚ ‖Ῥ⁴‍‼ ” ‖ ₀  ⁴

ΌῬ⁴῀ ₀ › 2008 1 26 ‗ 4 27 ” ℮╒₿” „

‖’΅‗ ῴ⁮⁵⁴῀​”‍‼ 92 ₀ ‗ ᾿ ” „ ‖Ῥ⁴‗  ⁴

 ‗‖℮╒₿” ₀ ‒‍῀Fig.3.4 Ὸ⁮ Fig.3.12 Ό ᾿ ” ᾿

” ₀ ῀⁴Ῥ‖”‾‍‮ 

 

 

 

 

 

 

 

 

 

Pair 
MasterDate_SlaveDate 

(YYYYMMDD_YYYYMMDD) 
Mode 

Bperp 1[m] 

(row 690) 

Bperp2 [m] 

(row 700) 
Span Result 

A 20070910_20071211 FBD/FBS 619.6 627.27 92 days  

B 20071211_20080126 FBS/FBS 284.15 290.82 46 days  

C 20080126_20080427 FBS/FBD 1196.75 1203.56 92 days  

D 20080427_20080612 FBD/FBD - 7080.45 - 7085.68 46 days  

E 20080612_20080728 FBD/FBD 3734.27 3709.82 46 days  

F 20080728_20081213 FBD/FBS - 1868.71 - 1884.9 138 days  

G 20081213_20090128 FBS/FBS 261.81 269.05 46 days  

H 20090128_20090615 FBS/FBD 659.87 669 138 days  

Table 3.1 ↓₦₲⌂₡↔₲№⅍ ”   
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Fig. 3.4  20070910_20071211 ” , ” , ”  
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Fig. 3.5  20071211_20080126” , ” , ”  
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Fig. 3.6  20080126_20080427 ” , ” , ”  
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Fig. 3.7  20080427_20080612 , ,  
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Fig. 3.8  20080612_20080728” , ” , ”  
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Fig. 3.9   20080728_20081213” , ” , ”  
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Fig. 3.10  20081213_20090128” , ” , ” . 
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Fig. 3.11  20090128_20090615” , ” , ” . 
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4.  

4.1 ∟℮⌂ 

‖  ⁵‍ ‚ ῴ᾿↓₦₲⌂₡↔₲№⅍ ‖  ⁵‍₈₯∕₰

” ₀‾‗‚ Okada(1985,1992)₀ ΅ₐ└ↄ╒₯≡└₀ ‒‍῀ ₀  ⁴

‍‼‚„ –” F1(north) ‗ F2(south)₀   F̓2₀ F1⁭⁯   ῼ  ―

 ⁴ ‗‖₈₯∕₰ ” ‾  ‍∟℮≥└₧₀ ῲ ‗Ό ‍῀ Ὸ ᾿

​⁵‖‾ Ὼ’ Ό  ―΅⁴(Fig4.3c)῀⁭⁯ ‚ ” ₀  ⁴‍‼‚„

‖„’ῼ ” (e.g., Meade, 2007)₀ ΅― Ό⁴ ₀∟℮≥└₧ 

⁴ ΌῬ⁴῀ 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
km  km  
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F1 (North, dip =55 deg.)           F2 (South, dip=47 deg.)  

Fig. 4.1 ”  
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