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─ ╩ ⇔≡⅔╡ ─ ⅛≈

⌂ ─√╘⌐│ ─
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↓╣╕≢ ⌐ ⌂ ╩ ⌐
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⇔⅛⇔⌂⅜╠ ─╖╩ ∆╢ ─

│⌐כ♄כ꜠  

╠⅛כ♄כ꜠ ה ≡ ⌐ ™

⅜№╢ ∕╣╟╡ ─ ⅛╠
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─ ┼─ ≤⇔≡ כ◖◄כ♄כ꜠
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╕√ ─ │⌐כ♄כ꜠ ─ ≢╙
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0Á-25Á ⌐│ 10 ╩ ∆╢↓≤  

╛ ה ─ ⌐╟╡
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─ ה ⌐⅔™≡ ⌐
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ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
2 ↓╣╕≢─ ≥כ♄כ꜠ ═≡ ⌂ Ɽꜝⱷכ♃╩ ∆╢ ⌐ ⇔ ≢│ MP Multi 

Parameter꜠כ♄כ≤ ┌╣╢↓≤╙№╢  
3 http://eumetnet.eu/wp-content/themes/aeron-child/observations-programme/current-

activities/opera/database/OPERA_Database/index.html2023.12.18  
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─כ♄כ꜠ ⅜ 30 ∞∫√≤

↓╤ Huuskonen et al.20142023 12 ⌐│
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3 ─ כ♄כ꜠ ╩ ╡⌐ ╩

╘ 2023 12 ╕≢⌐ ╩ ⅎ╢ 13 ─

⅜ ⇔≡™╢ 1  

╕√ ≢│ 9 ⌐ ⇔√
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Radar for Airport Weather┼─

כ♄כ꜠ ╙ ╘≡™╢ DRAW│
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▬fi╩ ⇔ ─ ─ ─√

╘─ ►▫fi♪◦▪כ ╩ ∆╢

╙─≢№╡ ─ ⌐ ⌂ ≢

№╢ ⅛╠ ⅜ ⇔√↓≤≢

⅜ ╪≢⅔╡ ╕√ ꜠

כ♄כ ⌐╟╢ ₁⌂ ⅜ ↕╣√↓≤
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╩ ╘≡⅔╡ 20223 ╕≢⌐

╩ ↄ 8 ─ ⅜ ⇔√ 1  

≤ ⅜כ♄כ꜠

∆╢ ↄ─ │ ∕╣∙╣⅜ ╕∫≡↓╣╕

≢─ כ♄כ꜠ ⌐⅔↑╢ ─ ↄ╩

∆╢⌐ ╕╠∏ ⌂╢Ⱪ꜠כꜟ☻◒כ╩╙√

╠∆ ╙ ╘≡™╢ ∕↓≢ ≢│

כ♄כ꜠ ┘ DRAW⌐∕╣∙╣ ⇔√

─כ♄כ꜠ ╛ ⌐

╟╢ ⅜ ↕╣╢ ⌐≈™≡

∆╢ 2 ≢│ ⌐כ♄כ꜠ 3 ≢

│ DRAW⌐ ∕╣∙╣ ─כ♄כ꜠√⇔

╛ ⌂ ⌐≈™≡ ═╢ 4 ≢

│ ╩ ⌐ ─ ⌐╟╢

─ ╩ ∆ 5 ≢│

─ ╩ ⅎ╢ ─◓fiꜞ♃♬⸗ה ⌐

≈™≡ ═╢ 6 ≢│ ─ ≤⇔≡

─ ⌂╢ ╛ ♫►◐ꜗ

☻♩─ ┼─ ⌂≥

─כ♄כ꜠ ⌐╟╡ ⅜ ↕╣╢

⌐≈™≡ ∆╢ ⌐ 7 ≢ ─╕
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1 ─כ♄כ꜠ 

2023 12 ─ ⌐⅔↑╢

│ WMO꜠כ♦כ♄כ♃ⱬכ☻

(https://wrd.mgm.gov.tr/Home/Wrd)⌐  

 

2. ─┼כ♄כ꜠    

2.1  ◦☻♥ⱶ─  

│≢כ♄כ꜠ 20⅛ ♄כ꜠─

כ 2.1 ≢ ─ ╒╓ ≤∕─

╩ ≢⅝╢ ⅜№╡ ≢ 400 km

⌐ ┬ ⅜ ─ ≈≢№╢ ╕√

─ ─ ─√╘ ─ PPIPlan 

Position Indicator⌐╟╡ Ⱳꜞꜙכⱶ

☻◐ꜗfi ╩ ™ CAPPIConstant Altitude PPI

כ◖◄╛ ╩ ⇔≡™

╢ ⅎ≡ ⌐ ∆╢ⱷ♁◘▬◒

꜡fi ╛ ─ ─√╘ ♪♇ⱪ

כꜝ ─ ╙ ∫≡™╢  

─ כ♄כ꜠ ≢│ ↓─╟℮⌂

─ ה ╩ ⌂℮↓≤⌂ↄ ⌐ →╢ ↄ

─ ╩ ⇔√ │ 2.2 2.6≢   

─ ה  

─ ה  

─ ה  

─ ה  

─ ה  



    90 :6 2023 

 

- 5 - 

 

 

2.1 ─כ♄כ꜠   

 

┼כ♄כ꜠ 2.1 ⇔√◦☻♥ⱶ─ │ ⅛╠─  

   

 C Ᵽfi♪ 5,330 MHz-5,370 MHz─℮∟ 1  C Ᵽfi♪ 5,300 MHz-5,370 MHz─℮∟ 1  

  ⱤꜝⱲꜝ  4.3 m ⱤꜝⱲꜝ  4.0 m 

ⱦכⱶ  1.1° 44 dBi  1.2° 42 dBi  

▪fi♥♫◘▬♪꜡כⱩ  Ӈ26 dB  Ӈ26 dB  

H/V ─ ─  ⱦכⱶ 0.1° ⱦכⱶ 0.05°   

 35 dB   

 10 rpm (AZ), Ӈ2°-+90° PPI │ RHI 6 rpm (AZ), Ӈ2°-+45° PPI─╖  

  GaN HEMT   ◒ꜝ▬☻♩꜡fi  

 / ≤╙ 3 │ 4 kW ⱷכ◌כ⌐╟╢   250 kW 

◓fiⱪꜞfi◘♃כ♦  125 m 

0.7° │ 0.35° 

250 m 

0.7° 

Ɽꜟ☻   64 │ 128 us 0.83 us  

32 │ 64 us 0.83 us  

ה 32 us 0.83 us  

β™∏╣╙ ⌐ Ɽꜟ☻ 1.0 us ╩  

2.5 us 

1.0 us 

ה 1.0 us 

Ɽꜟ☻ ⱪכꜗ♅  2.0 MHz-2.6 

MHz ꜠fi☺◘▬♪꜡כⱩӇ60 dB  

 

Ɽꜟ☻  10,000 Hz ≢  1,500 Hz ≢  

 400 km 

150 │ 250 km 

ה 64 km-180 km 

400 km 

150 │ 250 km 

ה 150 km 

⌂  

*│ כ♄כ꜠

◦☻♥ⱶ⌐

│ ⇔⌂™  

*   

♪♇ⱪꜝכ  *  

*   

ὤ │ LDR *  

”  

‪  

 

*  

 

♪♇ⱪꜝכ   

*  
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╕∏ ─ ╩ 2.1⌐

≤ ⌂ ╩ 2.2 ⌐ ∆ ◦☻♥ⱶ│

♩▬◘כ♄כ꜠ ┘ ⌐ ⅛╣≡ ↕

╣ ⌐│ ▪fi♥♫

≤™∫√ ⅜ ⌐│ ≢

ה ╩ ℮√╘─ ⅜∕╣∙

╣ ↕╣≡™╢ ▬fiⱨꜝ◦

☻♥ⱶ☼ ⅜№╡ ─ │

№╢╙── ─ ┘ │™∏╣

╙╒╓ ≢№╢ ─ │ 1

⌐ ⇔√  

⌐ ┘ ─ ╣⌐≈™≡

═╢ ≢ ↕╣√ ─

│ ─

╠⅛ꜟכꜙ☺⸗ ↕╣╢ ⌐╟╡

┼ ↕╣ ∕╣∙╣ ╩ ∂≡

┼ ╠╣╢ ∕⇔≡ ⱱכfi ⌐ ↑╠

╣√ OMT OrthoMode Transducer 4 ⌐

╟╡ ─ ⅜ ╦╣√ ─

ⱤꜝⱲꜝ▪fi♥♫ ⅛╠ ↄ ™ⱦכⱶ Ɑ

fi◦ꜟⱦכⱶ ≤⇔≡ ⌐ ↕╣╢

⌐╟╡ ↕╣ ∫≡⅝√ │

≢ ╘╠╣ OMT⌐╟╡ ≤ ⌐

↕╣√ ⌐ ╠╣╢

─ ≢│ LNALow Noise Amplifier

⌐╟╡ ⅜ ╦╣√ ─

⅜ ↕╣ ≤⌂╡ ⌐╟

╡ ┘ IQ♦כ♃

⅜ ↕╣ ⌐ ↕╣╢

≢│ IQ♦כ♃╩ ⌐ ⅜ ╦╣

2.3 ⌐ ∆ ╣≢ ─ RAW♦כ

♃ ┘ ⅜♃כ♦ ↕╣╢ ⌐ ♃כ♦

⌐⅔™≡ ─ ה ⅝

ⱨ◊כⱴ♇♩┼─ ⅜ ╦╣╢

⌐╟╡ ⇔√ │♃כ♦ ▬◘כ♄כ꜠

♩≤ ╩ ← │ LTE⌐╟╢Ᵽ

♇◒▪♇ⱪ ╩ ∂≡ ≢

⌐ ╡ ┘

⌐ ↕╣╢ כ♄כ꜠ ◦

☻♥ⱶ ROPSRadar Observation and Processing 

System⌐ ↕╣╢ ROPS≢│ כ꜠─

─כ♄ ⅜ ⇔≡ ╦╣╢╒⅛ ♪♇ⱪ

כꜝ ─ ╡ ⇔ ╛ ╩

⇔√ ⱨ◊כⱴ♇♩ ⅜ ╦╣

√ ≢ כ♄כ꜠ ─ⱪ꜡♄◒♩⅜ ↕

╣╢ ⌂⅔ ROPS─ ה ─ ⌐≈™≡

│ ╒⅛ 2019╩ ↕╣√™

 

2.2 ─כ♄כ꜠  ≤ ⌂  
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2.4 ╢↑⅔⌐כ♄כ꜠  LDR─ ≤ ─ⱥ☻♩◓ꜝⱶ   

 

2.2  ─  

▪  

│⌐כ♄כ꜠ ⌐ ≈─ ⅜

№╡ ≈│ ≤ ─Ɽꜟ☻╩

⌐ ⇔ ∕╣╠╩ │ ⌐ ∆╢

₈ ₉ ALTAlternate 

Transmitting and Receiving╙℮ ≈│

≤ ╩ ⌐ ה ∆╢₈

₉ STARSimultaneous Transmitting and 

Receiving≢№╢ ⌐│ ↄ─

≢כ♄כ꜠ ─ STAR ⅜ ↕

╣≡⅔╡ ≢╙↓─ ╩ ⇔√  

STAR ⌐│ ALT ≤ ═ ↄ─ⱷꜞ♇

♩⅜№╢ ∕─ ≢╙ ─ⱷꜞ♇♩│ ה

─ ⅜ √╣⅛≈Ɽꜟ☻ ╩ ↄ

≢⅝╢√╘ ⌂ ⅜ ╠╣

╢≤™℮ ≢№╢ ╕√ ⅛≈

⌐ ⅜№╢ ⅜ ≤™℮ ╙

⌐│ ≤™ⅎ╢  

╙∟╤╪ STAR ⌐╙♦ⱷꜞ♇♩│№∫√⅜

─ ⌐╟╡ ↕╣≡⅝√ │

╩ ≈⌐ ↑╢√╘ ⅜ ⇔

╩ ↄ ⌐ ⌂

LDRLinear Depolarization Ratio─ ⅜≢⅝

⌂™5 ─ ⌐╟╡ Ɽꜝⱷכ♃─

╩ ↄ ─♦ⱷꜞ♇♩⅜№∫√ ⇔⅛⇔⌂⅜

╠ ▪fi♥♫ ⌐ ╩ ∆╢ ─ ꜡

☻ ╛Ɽꜟ☻ ─

” ─ ─ ─ ™

▪fi♥♫─ ≤™∫√ ⅜ ╦╣≡⅝√  

∕⇔≡ STAR ⌐╙ ≤ ≢

╩ ≤∆╢⅛ ⌐ ↑╢⅛≢ 2

╡─ ⅜ ╠╣≡⅔╡ ≢│ ╩

⇔√ ╩│∂╘ ≢│ ─

⌐ ⱴ◓Ⱡ♩꜡fi │◒ꜝ▬☻♩꜡

fi ╩ ∆╢↓≤⅜╒≤╪≥≢№╡ ≈─

─ ╩ ∆╢ ─ ⅜ ⌐

↕╣≡™╢ ↓╣⌐ ⇔ ╩

∆╢ ⌐│ ╙≤╙≤ ─ ╩

∆╢ ╖─√╘ ≥∟╠─ ≢№∫≡╙◖☻

♩⌐│ ⅝ↄ ⇔⌂™ ∕↓≢ ─

⌐⅔™≡ ⅜ ⌐

≢⅝ ╕√ ⌐╟╡ LDR ╙

≢⅝╢ ╩ ∆╢ ─ ╩ ∆╢↓≤

≤⇔√ LDR │ ≢│ ⇔⌂™╙─

─ ™ ⌐ ↕╣╢ │ LDR System 

Limit≤ ┌╣ ∆╢ ≤╟™

╩ ∆↓≤⅜ ╠╣≡⅔╡ Darlington et al.

2016 ─ ⌐ ≢⅝╢ 2.4

│ ™ ─ LDR ─ ╩ ⇔√╙─

≢№╢⅜ 40 dB ─ ⅜ ╠╣≡⅔╡

™ ╩ ⇔≡™╢ ≤™ⅎ╢  

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
5 STAR ≢╙ ⌂ ╩ ™√ ⌐╟╡ LDR╩ ∆╢ Chandrasekar and 

Bharadwaj2009╛ LDR⌐ √ ╩ ≈ DR Depolarization Ratio╩ ╘╢ Ryzhkov et al.

2017⅜ ↕╣≡™╢  
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▬ ─  

╢╟⌐כ♄כ꜠ ─

╛ ─ ⌐│ ↓╣⌐ ∫√

─ ⅜ ≤⌂╢ ↓─√╘⌐

│ ▪fi♥♫⌐ ⇔ ≈─ ⅜ ↕╣╢  

≈│ ╩ ≤⇔≡

╩ ≤⇔≡∕╣∙╣ ≢⅝╢ ≢

№╢ ─▪fi♥♫≢│ ≢ ─ ╣

╖⅜ ∂≡⇔╕™ ⅎ┌ ∞↑

⇔╟℮≤⇔≡╙ ⅛⌐ ╙

↕╣≡⇔╕℮ ↓─ ╣ ╖─ ™╩

∆ ╩ XPD Cross-

Polarization Discrimination≤╙ ≤™™ ⅜ ⅝

™╒≥ ⅜ ™▪fi♥♫≤™ⅎ╢  

XPD⅜ ™≤ ⌐ STAR ─ ⌐│

─ ⌐╟╡ Ɽꜝⱷכ♃ ⌐

ὤ ─ ╩ ⅝ ─

⅝⌂ →≤⌂╢ ╕√ ─ ⌐╟∫

≡│ ὤ ⌐ ≢⅝⌂™ ─Ᵽ▬

▪☻⅜ ∂╢↓≤╙№╢ Hubbert et al. 2010a

b │ 5.3⌐≡ ⌐

⅔↑╢ ≢№╢ WMO GIMOGuide to 

Instruments and Methods of ObservationWMO2021

≢│ ὤ ─ ╩ 0.2 dB≤⇔≡⅔╡ ↓─

⌐│ ™ XPD⅜ ╘╠╣╢ Wang and 

Chandrasekar2006│ ὑ ╩ 10 % ὤ ╩

0.2 dB─ ≢ ╢⌐│ │ 30 dB

│ 40 dB ─ XPDⱦכⱶ ⅜

≤⌂╢↓≤╩◦Ⱶꜙ꜠כ◦ꜛfi⅛╠ ⇔≡™╢  

∕↓≢ ⌐⅔↑╢ ╙ ⌐

⌐ ≢№∫√ 35 dB ─ⱶכ♪꜠

╩ ╗ ╩ XPD─ ≤⇔√ ↓─ │ WMO 

GIMO⌐⅔™≡ ─כ♄כ꜠ ⌂

─כ♄כ꜠ ≤ ⌐≈™≡ ╘√ ISO 

19926-1:2019≤─ ─₈Achievable₉ Ɫ

▬◄fi♪─ ─ ≤⇔≡ ↕╣≡™╢6  

╙℮ ≈─ ≤⇔≡ ≤

─▪fi♥♫Ɽ♃כfi─ ⅜№╢ ⌐

│ ─ⱦכⱶ ╛ⱦכⱶ ⌐ ⅜⌂™

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
6 ∕─ ₈Common₉ Ⱶ♪ꜟ꜠fi☺ │ 30 dB₈Threshold₉ ♪fi◄כ꜡ │ 20 dB≤ ⇔≡™╢  

↓≤⌐╟╡ ↕╣ ↓╣╠─ ⅜ ⅝™≤

↔≤─ ◘fiⱪꜞfi◓ ⅜☼꜠

≡⇔╕™ ⌐ ⌐⅔™≡ὤ ╛” ─

⌐ ⅜╢√╘ ─ ™ כ♄כ꜠

≢│ ⌐ ╩ ∆╢ ∕↓≢ ♄כ꜠

│≢כ ─ⱦכⱶ ─ ╩ 0.1Á ⱦ

ⱶכ ─ ╩ 0.05Á ≤⇔√ ╩ ↑≡™╢   

∕─ ╙≡™≈⌐ⱶכ♪꜠ ⌐

⇔≡™╢ ╕∏ ╢╟⌐ⱶכ♪꜠

─ ╩ ↑╢√╘ ─ ⅜ ∂⌐

ↄ™◘fi♪▬♇♅ ╩ ⇔√ │♁ꜞ♇♪

ꜝⱵⱠכ♩ ╩ ↄ ╕√ 2023 ⌐

│≢כ♄כ꜠╢∆ ⌐ⱶכ♪꜠

150Á ╩ ∆╢↓≤≤⇔√ ↓╣

│ ◘▬♩≢─ ⌐ ⱶכ♪꜠╢∂ ⌐╟

╡ ⌐╟╢ ╛ὤ ⌐ Ᵽ▬▪☻

⅜ ∂╢ Frech2009╩ ←√╘≢№╢

2022 ⌐ │≢ⱶכ♪꜠√⇔ 90Á

─ ⅜ ↕╣≡™√⅜ 2.5 ─╟℮

⌐1 dB-2 dB─ὤ Ᵽ▬▪☻⅜ ╣╢↓≤⅜№

∫√ RHI ─ ⅛╠ ὤ Ᵽ▬▪☻│

60Á ≢ ⌐ ⇔≡⅔╡ ⱶכ♪꜠ ╩

⌐ ⅜ ╣╢√╘⌐ ⅜╟╡ ↄ

⇔≡™√≤ ⅎ╠╣╢ ⌂⅔ ⌐╟

╡ ⌐╟╢ ╛ ─ ⌐╟╢

─ ╙ ↕╣╢  

 

♃כ♦⌂ ►  

─ ⌐ ™ Ɽꜝⱷכ♃

│↓╣╕≢─ 2 ⌐ ∆╢ ╕√ ∆

╢≤⅔╡ ─ ⌐ ™☻◐ꜗfi ╙↓

╣╕≢╟╡ ⇔ כ♃fi☿╠⅛♩▬◘כ♄כ꜠

◦☻♥ⱶ ROPS┼─♦כ♃ ─ │ ↑

╠╣⌂™ ─ ⅛╠ 3 Mbps

─ ⌐ ╘╢ ⌐╙ ╠╣≡™√ ∕↓

≢ Ɽꜝⱷכ♃↔≤⌐ ╛ ⌂

↕╣╢ ⅜ ⌂╢ ╩ ⇔

7≈─ Ɽꜝⱷכ♃ ⌐ bit ♃כ♦≢ ╩

≡ 1꜠ fi☺ⱦfi √╡ 64 bit≢ ⇔√  
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2.5  DRAW⌐⅔™≡ ⱶכ♪꜠ ⌐╟╡ ∂√ὤ ─ Ᵽ▬▪☻─ │ 0.7Á─ PPI │

RHI │ 22:40 │ 22:50─ ╩ ∆ ─ ⌐ ─ ⅜ ⇔≡™╢  

 

2.2 Ɽꜝⱷכ♃─  

  

2.2⌐Ɽꜝⱷכ♃↔≤─ ⱦ♇♩ ╩

∆ ♪♇ⱪꜝכ ┘ │ ♫▬◐☻♩

≢ ∆╢↓≤≢ ╩ ⇔√ ╡

⇔ │ ROPS≢ ╕√

ὖ ─♄▬♫Ⱶ♇◒꜠fi☺│ 110 dB16 bit 

A/D─♄▬♫Ⱶ♇◒꜠fi☺⅜ 85 dB Ɽꜟ☻

≢ 25 dB ⌐ ⇔ CⱣfi♪⌐⅔↑

╢ ─ Z ─ │ 100 dB

ī25 dBZ-75 dBZ≤ ⌂™√╘ Z╩

∆╢↓≤≤⇔√ ὤ ⌐≈™≡│ ╟╡ ⌂™ bit

≢ 0.1 dB ─ ╩ ≢⅝╢╟℮

─ Z ὤ ┘ὤ ≢│⌂ↄ ὤ≤ὤ ╩

≤⇔√ ” ⌐≈™≡│ ♃כ♦ 1⌐ ™

╒≥ ™ ⅜ ╘╠╣╢ ╩ ⇔≡ 1

⌐ ™ ─ ╩ ╣╢╟℮ ╩

⇔√ ╩ ⇔√ ─ WMO GIMO≢│

” ⌐ ╘╠╣╢ ≤⇔≡0.001╩ ⇔≡™╢

⅜ 8bit─ ≢│ ⅜ 0.004≤⌂

╡↓╣╩ √↕⌂™ ╩ ™╢↓≤≢

─ ⌂≥ ≤ ⇔≡╙ ”

⅜1⌐ ™ ≢╟╡ ↄ─ ╩ ╡ ≡╢

↓≤⅜≢⅝ 0.0001─ ╖╩ ⇔√  

⌐╟╡ │♃כ♦√╣↕ ─

ROPS⌐≡♦◖כ♪ ⅜ ╦╣ Ɽꜝⱷכ♃

↔≤⌐ 2 byte─ GRIB2 ⅜♃כ♦─

↕╣╢ ─ ╛♪♇ⱪꜝכ │ 1 

byte≢№∫√√╘ ⌂ ⅜ ⇔

0.32 dBZ─ │ ≡ ─ ♃כ♦

≤╖⌂↕╣╢ ⅜№∫√⅜ 2 byte┼

─ ⌐╟╡ ─ ╩ ⌐ ≤⌂∫√  
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2.3  ─  

▪ ─ ≤  

─ ⌐│↓╣╕≢ ─ ≢

№╢◒ꜝ▬☻♩꜡fi╩ ™≡⅝√⅜ ₁⌂

─ ⅜№∫√ ⅎ┌ ⌐╟╡ ∟

⅜כ♄כ꜠⌐ ≤⌂∫≡⇔╕℮ ╩

∆╢√╘ ─ ⌐ ⅜

⌐╙⅛⅛╦╠∏ ⅜ ↄ 3 ≢ ⅜

≤™∫√╙─≢№╢ ╕√ ☻ⱴכ

♩ⱨ◊fi ─ ╩ ≤⇔≡ 5 GHz

LAN─ ⅜ ⇔≡⅔╡ ⌂╢

╙ ╘╠╣≡™√   

⌐ ↑≡ כ♄כ꜠ ─

⅜ ≢ ↕╣ ⅜ ╪≢™√

≢│ ─ ⅛╠₈◒ꜝ▬

☻♩꜡fi ♦☺♃ꜟ ┘

╩ כ♄כ꜠√™ ─ ₉ 2005

-2007 ╩ ╘ ╛כ◌כⱷכ♄כ꜠

─ ─ ─╙≤ ⌐╟╢ C

Ᵽfi♪ 5 GHz ─כ♄כ꜠

⌐ ⇔≡™√ ╒⅛, 2008↓╣│

─ ⌐ ─ ≈╕╡ ⌐╟╢

♩ꜝfi☺☻♃ GaAs FET╛ GaN HEMT╩

™√╙─≢ ↕╣√ │כ♄כ꜠ 2008

⌐ ⌐ ↕╣ ₈ כ꜠

℮™≥₉כ♄ ─√╘─ ⌐ ↑

√ ⅜ ╦╣╢≤≤╙⌐ ─

─ ╙ ╘╠╣√ ╕√ ≢│

⅜™∟ ↄ ╩ CⱣfi

♪ ⌐כ♄כ꜠ ⇔ 2010 ⅛╠

╩ ⇔≡™√ ╒⅛ 2016 

∕↓≢ ↓╣╕≢─ ╛ ╙ ╕

ⅎ DRAW ┘ ⌐כ♄כ꜠

╩ ∆╢↓≤≤⇔√ ↓─ │ ╘≡

⅝ↄ ה ─

─ ┘ ─ ╩ ⇔ ─

╩ ⇔√∞↑≢⌂ↄ ─ ☻Ɑכ

☻ ⱷכ◌כ⌐╙╟╢⅜ 2 -4 ╛

⌂≥ ↄ─ ╩ ⇔√  

⌐ ─ │ ⅝™ 2016

DRAW╩ ╘ ↄ─ ╩כ♄כ꜠

⇔≡™╢⅜ ⌂ ╩ ⅝ ↓╣╕≢

─ │ ╙ ⇔≡™⌂™

⌐ ─ꜟכꜙ☺⸗ ⅜ ⇔√≤⇔≡╙

⅜ ⇔√ ī3 dB ╩ ≤

∆╢ │ ⌐╟╡ ─ ⅜

≢№╡ ╩ ⇔√ ≢ ─ꜟכꜙ☺⸗

╙ ≤⇔≡™╢ ⌂⅔ ╩ ⸗

⇔כ♃♬ ⌂ ─ ⌐ ⇔≡

כ♄כ꜠⌐ ⅛╠ ╩ ∆╢

╖╩ ⅎ≡™╢√╘ ≢№∫≡╙ ὤ

⌐Ᵽ▬▪☻⅜ ∂╢↓≤│⌂™  

╕√ │ ┼─

⅜ ⌂™↓≤⅛╠ ∆╢ כ♄כ꜠

─ ╩ ⅝ↄ ↕∏≤╙ כ♄כ꜠ ─

╩ ↓⇔⌐ↄ™ ⅜№╢ 2.6 │ 1.0 usⱤ

ꜟ☻ ─ ╩ ⱷכ◌כ─◒ꜝ

▬☻♩꜡fi ≤ ≢ ⇔√╙─≢№

╢ ☻Ɑ◒♩ꜝⱶ╩ ↄ∆╢√╘⌐│

Ɽꜟ☻╩ ⇔≡ ─ ╩ ╘╣┌╟™  

 

2.6  ⱷכ◌כ⌐╟╢ 1.0 usⱤꜟ☻ ─

OBW ◒ꜝ▬☻♩꜡fi
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⇔⅛⇔ ─◒ꜝ▬☻♩꜡fi≢│ ⌐

∆╢ ⌐ Ɽꜟ☻ ─ ⅜ ⇔ↄ ↓─

⅜ ╘⌐ ≡⇔╕∫≡™√ ↓╣⌐ ⇔

≢│ ─Ɽꜟ☻ ─ ⅜

≢№╡ ∂Ɽꜟ☻ ≢╙ ─ ⌐

≢⅝≡™╢ ≤

─ DRAW│ ⅜ 62 km≤ ™⅜

⅜ 5 MHz⇔⅛ ╣≡™⌂™⌐╙⅛⅛╦╠∏ ↓

╣╕≢ │ ╠╣≡™⌂™ │10 MHz

∆ ⅜№∫√  

↕╠⌐ ≈─ ╩ ⌐ ∆╢↓≤⅛╠

⌐│ ≤ ═2 ─ ⅜

≤⌂╢⌐╙⅛⅛╦╠∏ ⅜ 3 -4

⇔≡™╢ ↓╣│ ≢│◒ꜝ

▬☻♩꜡fi╩ ╘╢ⱥכ♃כ╛ ◄Ⱡꜟ◑

╩כ ∆╢√╘─ ╩ ≈▬○fi

ⱳfiⱪ ⅜ ≢№╡ ╕√ ─

⌐ ™ ─ ╙ ⇔√√╘≤

ⅎ╠╣╢ │ ─ ⌐╙

⇔≡⅔╡ ─√╘ ─

─ ™ │≢כ♄כ꜠ ─

╩ ∂≡ ─ ⌐╙ ⅜∫≡™╢  

∕⇔≡ │ ⌂

⌐╙ ∫≡™╢ Yamauchi et al. 2012

│ ─כ♄כ꜠ ⅛╠ ⱥ♇♩

⅜ 1004020─™∏╣≢№∫≡╙ ” ─

⅜ 1⌐ ╘≡ ↄ ‪ ─ ┌╠≈⅝

─ ╙ ↕™ 1Á-2Á ↓≤╩

⇔√ ⱥ♇♩ ⅜ ⌂ↄ≡╙ ⌂

╩ ╠╣╢ ≤⇔≡ ⌐╟╢

≢│ ה ⅜ ⇔≡™╢√╘≤ ⅎ

╠╣╢ ⌐Ɽꜟ☻ ╩ ∆╢ ™Ɽꜟ☻≢

│ ה ⅜ ⇔⌐ↄ™Ɽꜟ☻─ ∟ ⅜

ה╡ ∟ ╡ ─ ⅜ ⌐ ⌂™√╘

╟╡ ⅜ ↄ⌂∫≡™╢  

 

▬ Ɽꜟ☻ ─ ≤  

 ↓╣╕≢─ ≢│250 kWDRAW│

200 kW ╙─ ╩ ⇔≡™√⅜  

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
7 ╩ ↕∑╢ │ ►▫fi♪ⱪ꜡ⱨ□▬ꜝ≢ ↕╣≡™╢  

2.7  Ɽꜟ☻ ─  

 

─ │ kW⅜ ≢№╡

≢ 50-100 ─ 1 ⌐ ∆╢ ≈╕╡ 17 

dB-20 dB─ ⌐│ ∞∫√☻

ⱪꜞ▪☻ ─√╘─ⱨ▫ꜟ♃⅜ ≤⌂╡ ↓

─꜡☻ 2 dB-3 dB │ ≢⅝╢╙──

↓╣∞↑≢│ ⅜ ⌐ ⇔≡⇔╕℮

∕↓≢ ─ 10-100 ─ ™Ɽꜟ☻╩ ∆

╢≤≤╙⌐Ɽꜟ☻ ╩ ℮↓≤≢

─ ≤ ╩ ⇔√  

Ɽꜟ☻ ≤│ ╛ 7╩ ↕∑⌂⅜

╠ ™Ɽꜟ☻╩ ⇔ ⌐ ≤─

╩ ╢ ╩ ℮↓≤≢ ╩ ╘

╢ ≢№╢ ↄ ™Ɽꜟ☻⅜ ⌐

│№√⅛╙ ↄ ™Ɽꜟ☻⌐ ↕╣√⅛─╟

℮⌐ ⅎ╢↓≤⅛╠ Ɽꜟ☻ ≤ ┌╣╢

2.7 ╩ ↕∑╢ ─

↕╣√Ɽꜟ☻─ │

B ⱪכꜗ♅ ≤™℮ ⌐ ⇔ ⅔⅔╟∕ 1/B

≤⌂╢ ⅎ┌ B = 1.0 MHz─ ⌐│

1 us⌐ ↕╣ │ 150 m≤⌂╢ √

∞⇔ ─ ⌐╟╡ ∂╢ ─◘▬♪

Ⱪכ꜡ ꜠fi☺◘▬♪꜡כⱩ≤™℮ ─ ⅜

│ ≢№╡ ∕─√╘─

⌐╟╡ ⅜ ∆╢√╘ ⌐│♅ꜗ

ⱪכ │ ⇔ ╘⌐ ╢ ⅜№╢ Ɽꜟ☻

─ ─ ⌐≈™≡│ 2015⌂≥─

╩ ↕╣√™  
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2.8  ─ Ɽꜟ☻ ─  

 

2.9  Ɽꜟ☻ ⌐╟╢ ─  

 

Ɽꜟ☻ ⌐╟╢ ─ ╩

⌐╟╡ ≡™ↄ 2.8 │ Ɽꜟ☻

─ ─ ≢№╢ Ɽꜟ☻

│ 128 us 19.2 km ≢№╡ ꜠

fi☺ ⌐ ⅜♃♇ꜝ◒╛כ◖◄ ┘≡

↕╣≡™╢ ╕√ ⅛⌂ ⱡ▬☼╙ ⅎ

∫≡™╢ │Ɽꜟ☻ ─

╩ ∫√╙─≢ ─♃♇ꜝ◒╛כ◖◄

⅛⌂ ⅜ ⌐⌂╡ ⱡ▬☼─ ⅎ ╡

╙ ↄ⌂∫≡™╢ ╕√ 2.9 │ 128 us─

Ɽꜟ☻╩ ⌐ ⇔≡ ⇔√Ɽꜟ

☻ ─ ≢№╢ Ɽꜟ☻⌐

╩ ℮↓≤≢ ⌂Ⱨכ◒╩ ≈ ™Ɽꜟ☻

⌐ ↕╣≡™╢↓≤⅜ ⅛╢ ∕⇔≡ ⱷ▬fi

⌐◒כⱩ─Ⱨכ꜡ ⇔≡꜠fi☺◘▬♪꜡כⱩ│

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
│≢כ♄כ꜠ 8 PRF╩ ≤∆↓≤≢ ╩ 400 km╕≢ →√₈ ₉ ⅜ ™

╦╡⌐ PRF⅜ ↄ♪♇ⱪꜝכ ─ ⅜ ⌂₈ ₉─ 2 ─☻◐ꜗfi╩ ⌐⅔™≡ ∫

≡™╢ ↓╣⌐ ⇔≡ │ ⌂ ⅜ ™√╘ 1 ─₈ ה ₉─╖ ℮  

60 dB ≤ ↕™ ─Ɽꜟ☻ │

Ⱨכ◒ ─3 ╩●►☻ ⇔√ ─ ⅛

╠ ≢⅝ ≢№╢ 0.83 us

125 m ╩ ⌐ √⇔≡™╢ ─

8─ │ 375 m Ɽꜟ☻ 2.5 us

≢№∫√⅜ Ɽꜟ☻ ─ ⌐╟╡

╩ 3 ⌐ ↕∑╢↓≤⅜ ≤⌂∫√  

Ɽꜟ☻ ╩ ∆╣┌ ™Ɽꜟ☻╩ ™≡

╙ ─ ╩ ╠╣╢↓≤⅛╠

─ S/N ╩ ≢⅝╢ ♄כ꜠

≢כ ╠╣╢ ─ S/N│ Ɽꜟ☻─ ≈

◄Ⱡꜟ◑כ⌐ ⇔ ∕─ │ ≢ ⅎ

╠╣╢ 2015 

Ὓ

ὔ

Ὁ

ὔ

ὖ†

ὯὝ
 ρ  
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↓↓≢ E│ ┼─ Ɽꜟ☻ ─◄Ⱡꜟ

כ◑ =Ɽꜟ☻ ὖĬⱤꜟ☻ † ὔ

│ ─☻Ɑ◒♩ꜟ k│Ⱳꜟ♠ⱴfi

Ὕ│◦☻♥ⱶ ◦☻♥ⱶ ─ ≢№

╢ ⅎ┌ 100 us─Ɽꜟ☻╩ ⇔√ 1 us

⌐ ═ S/N│ 20 dB ∆╢  

↓╣⌐╟╡ ≤ ═≡ 100─ 1

≤⌂╢ kW─ ≢№∫≡╙ ─

כ◖◄ ⅜ ≤⌂╢ ≤⇔≡ ♄כ꜠

כ ─ ⌂ ─ ╩ 2.10

⌐ ∆ ⅜ ⌐⌂╢╒≥ ╩ ∆

╢ ─כ♄כ꜠ │ √╡ 3 

kW≢№╢⅜ Ɽꜟ☻ ─ ⌐╟╡

≤╙⌐ ≢│ ≤╒╓

─ ╩ ⇔≡™╢  

√∞⇔ Ɽꜟ☻─ ⌐ ∆╢

Ɽꜟ☻ ⌐╟╢⅜ ╠⅛כ♄כ꜠ 7 km-25 km

≢│ ⅜ ⌐ ⇔ ⅛≈

↓╣╕≢╟╡ ⅜ ↄ⌂╢ ↓╣│

─▪fi♥♫╩ ™╢⸗ⱡ☻♃♥▫♇◒꜠כ♄כ

─ Ɽꜟ☻ │ ─ ╣ ╖⌐╟

╡ ⇔™ ⅜≢⅝∏9 ≤ ─ ™

Ɽꜟ☻ Ɽꜟ☻ ⌐╟╢ 10╩ ⇔≡

╩ ⇔≡™╢√╘≢№╢ ⌐⅔™≡│

─ │≢כ♄כ꜠ ─ ╩

⇔≡⅔╡ ─ ⅜ ⇔≡╙ ─

⌐│ ⇔ ⅎ⌂™⅜ ⅜ ™◄◖

כ ™ ה ╛ ה ⌂≥ ≢│

⅜ ⇔≡ ⅎ╢ ⅜№╢ 2.11 │

⌐⅔↑╢ ⌂╢ Ɽꜟ☻ ─ ╩

⇔√╙─≢ ™ ≥כ◖◄ ∟≤כ◖◄

╠─ ╙ 128 us╛ 64 us─ ≢│ Ɽꜟ☻

─ כ◖◄╢╟⌐ ⅜ ╠╣╢ ≤

│™ⅎ │ ⅜ 0 dBZ ─↔ↄ ™

╡№≢≤╪≥╒⅜כ◖◄ 32 us─ ╩ ∆

╢↓≤≢ ╙≢⅝╢√╘ │ ⅜⌂™  

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
9 √∞⇔ ⌐ ≢⅝√ Ɽꜟ☻ ╩ ⌐ ♃▬Ⱶfi◓⌐ √╢ ─ ╩ ℮

╙ ↕╣≡™╢ Aquino et al.2021 
10 Ɽꜟ☻≤─ ╩ ←√╘ ╩ 2.5 MHz∆○ⱨ☿♇♩Ɽꜟ☻ ╩ ⇔≡™╢  

 

2.10 ─כ♄כ꜠  ─

⅜ ⌂╢√╘ ◘▬♩≢│ dB─

⅜№╢ ⌐ כ◖◄ ─

─ VAISALA2011╩ ∆  

 

 

2.11 ≢כ♄כ꜠  ⇔√ ™ כ◖◄

≤ כ◖◄ ⌐⅔↑╢

─ ─ 128 us 64 us

32 us⌐╟╢ 0.7Á─  
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► ─  

2016⌐ ⇔√ 3 ─ DRAW

≢│ ≤≤╙⌐ ⌐ ╩

↕∑╢ LFM: Linear 

Frequency Modulation╩ ⇔√⅜ ∕─ כ꜠

╢╟⌐כ◌כⱷכ♄ ⅜ ╖

NLFM: Non-Linear Frequency 

Modulation─ ⅜ ∫√ Gomi et al.

2017↓─√╘ 2018─ DRAW ╩

╡⌐ ⌐ ⇔√ DRAW╛ כ꜠

│≢כ♄ NLFM╩ ⇔≡™╢  

NLFM│ LFM≤ ═ ↄ─ ╩ ∆╢

─ ™╩ 2.12 ⌐ ∆ NFLM│ ꜠fi☺◘

Ⱪכ꜡♪▬ ─√╘─ ╩ ≤∑∏

S/N ╛ⱷ▬fi꜡כⱩ ≈╕╡

╩ ⅎ╠╣╢╒⅛ ╘─Ɽꜟ☻≢╙꜠

fi☺◘▬♪꜡כⱩ╩ ⇔╛∆™≤™∫√

⅜№╢ DRAW≤∕╣ ⌐ ⇔√DRAW

─Ɽꜟ☻ ─ ╩ 2.3⌐ ∆⅜

≢ ═√ NLFM─ ⅜ ≡ ╣╢  

√∞⇔ NLFM─ │ ⅜╛╛

™ LFM≤ ⌂╡ NLFM≢│ ─

Ɽ♃כfi⅜ ⅎ╠╣╢√╘ ▪ꜟ◗ꜞ☼ⱶ

⌂≥╩ ™ ⌂╙─╩ ≈↑╢ ⅜№╢

Kurdzo et al. 2014╕√ ─

╩ ⇔√ ╩ ╦⌂™≤ ⅜

⅝ↄ ∆╢ ∕─ LFM⌐ ═ ♪♇ⱪꜝ

כ꜡♪▬◘☺ⱨ♩⌐╟╡꜠fi☺∏╣╛꜠fi◦כ

Ⱪ S/N ⅜ ∂╛∆™ ╙№╢⅜

Kurdzo et al.2014 20155.3 GHz≢

│ ⌐ ™ ⌐ ↕╣╢♪♇ⱪꜝכ

60 m/s≢№∫≡╙♪♇ⱪꜝכ◦ⱨ♩ │ 2 kHz

≢№╡ ⱪכꜗ♅ 1 MHz-2 MHz ⌐

⇔≡ ↕™√╘ │╒≤╪≥⌂™  

 

2.4  ─  

 ─ │כ♄כ꜠ 10 ≢Ⱳꜞꜙ

╩ⱶ☻◐ꜗfiכ ⅎ╢╟℮ ↕╣≡⅔╡ 2008

─ ─ ╩ ↑ Á

─╖ 5 ⌐ ─ ⅜ ⅎ╢╟℮ ◦

─☻fi◔כ ⅜ ╦╣√╙── ╕ 

 

2.12  LFM≤ NLFM─ ─ ™  

 

2.3  LFM≤ NLFM─  

 

 

≢ ╘√Ⱳꜞꜙכⱶ☻◐ꜗfi│ ⅝ ⅝ 10 ⌐

≤⇔≡™√ ⇔⅛⇔ ⅛ ─℮∟⌐ ⅝

ↄ ∆╢ ─ ╩ ⌐ ∆╢√╘

⌐│ 10 ⌐ ─Ⱳꜞꜙכⱶ☻◐ꜗfi≢│

≤™ⅎ⌂™ ∕↓≢ Ⱳꜞꜙכⱶ☻◐ꜗfi╩ 5

⇔ ─ ╩ ∫√  

╕∏ ▪fi♥♫─ ─ ╩ ─

6 rpm ≢│ 4 rpm⅛╠ 10 rpm┼

⇔√ √∞⇔ ⌐ ─╖╩ →≡⇔

╕℮≤ ᵑ◓ꜝfi♪◒ꜝ♇♃─☻Ɑ◒♩ꜟ ⅜

ⅎ╢↓≤≢◓ꜝfi♪◒ꜝ♇♃

₈MTI₉ Moving Target Indicator≤™℮ ⅜ ⅝

⌐ↄↄ⌂╡ ◓ꜝfi♪◒ꜝ♇♃─ ⅎ ╡⅜

ᵒⱥ♇♩ ─ ⌐╟╡ ─

⅜ ≤™∫√ ⅜№╢ ∕↓≢

─ ╩◓ꜝfi♪◒ꜝ♇♃─ ─ ⌂™

⌐ ∆╢≤≤╙⌐ 2.6▪≢ ∆╢

╩ ⇔√ MTI─ ⌐╟╡

◓ꜝfi♪◒ꜝ♇♃╩ ⌐ ∆╢↓≤≢ ᵑ─

╩ ⅎ√ ⌐ᵒ─ ╩ ⅎ╢√╘

⅜כ◖◄ ∆╢ ─ ⌐ ╩ √

↕⌂™ ≢ ☻◐ꜗfi─Ɽꜟ☻

PRF Pulse Repetition Frequency╩



    90 :6 2023 

 

- 16 - 

 

2,000 Hz ↄ╕≢ ╛⇔ ⱥ♇♩ ╩ ⇔√  

╕√ Ɽꜟ☻ ╩ ⇔≡ ─ ╩

∫√ │ 150 m

ה │ 375 m ◘fiⱪ

ꜞfi◓ 250 m≢№∫√≤↓╤ ↕╣╢

─ ≢ ⱪכꜗ♅─ ╩

→╢↓≤≢™∏╣╙ 125 m╕≢ ╘╢≤≤╙⌐

⌐ ╡ ℮꜠fi☺ⱦfi╩ ∆╢↓

≤≤⇔√ ↓╣⌐╟╡ ─◘fiⱪꜞfi◓

╛ ╩ ⇔≈≈ ╩ ↕

∑╢↓≤⅜≢⅝╢ ⌐╟╢ Ɽꜝⱷ

─♃כ ╩ 2.4 ⌐ ∆ WMO GIMO⌐

╟╢ ╩╒╓ √⇔≡™╢↓≤⅜ ⅛╢  

⌐╟╡ ≤ ─ⱪ꜡♄◒♩ ╩

⇔≈≈ 2.13 ⌐ ∆≤⅔╡ Ⱳꜞꜙכⱶ☻

◐ꜗfi─ ╩ 5 ↕∑√ ⇔√

─כ♄כ꜠ כ◖◄│≢ ╛

≤™∫√ ╙5 ↔≤⌐

≤⌂╢ ╦∑≡ ╩כ◖◄ ⇔≡

╩ ⇔√ 250 km꜠ fi☺ ─ 2

│ 1 ╛ ─ ⇔╙ ∫√  

2.4  ─ ╢↑⅔⌐כ♄כ꜠

─  

 

 

Ɽꜝⱷכ♃─ ⌂ ⌐ ⌂

90Á─ PPI ╙ 10 ⌐ ⇔

≡™╢ ⌂⅔ 1,500 Hz ─ ™ PRF─ │

─ ⌐╟╡ │Ɽ

ꜟ☻ ─ ⌐╟╡∕╣∙╣ ⇔√

│↓─╟℮⌐ ─ ⌐╙

⇔≡™╢  

 

2.13  ─ ╢↑⅔⌐כ♄כ꜠ ─☻fi◔כ◦
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2.5  ─  

▪ ⱤꜝⱲꜝ▪fi♥♫─  

ⱤꜝⱲꜝ▪fi♥♫│ ⅜ ⅝™╒≥ ⅜

∆╢≤≤╙⌐ⱦכⱶ ⅜ ╕╡ ─

⌐ ⅜╢ ∕─ ≢ ─ⱶכ♪꜠

≤ ╕∫≡ ◖☻♩╛ ⅜ ⇔ ♄כ꜠

כ ─ ╩ ⅎ⌂™╟℮⌂ ╙ ≤

⌂╢ ↓─√╘ ≤◖☻♩⅜ ℮ ⅝↕≤

⇔≡ ─ │≢כ♄כ꜠ 4.0 m≤

⇔≡™√ ⇔⅛⇔ ─ ─כ♄כ꜠ │

ⱦכⱶ 1Á ⅜ ≢№╡ WMO GIMO≢╙

↕╣≡™╢ ∕↓≢ ≢ⱦכⱶ 1Á

╩ ⌂ 4.3 m─♃▬ⱪ╩ ⇔√

│ ≤ │ ⅎ╢╙── כ♪꜠

ⱶ─ ╙ ≤∑∏ כ♄כ꜠─ ─

╩ ≢⅝╢╙─≤⇔≡™╢  

 

▬ ─  

─כ♄כ꜠ │▪fi♥♫─ⱦכⱶ

⌐╟∫≡ ╕╡ ⱦכⱶ─ ⅜╢ ≢│ ↕⌂

─ꜟכ◔☻ ╩ ≢⅝⌂™ ╕√ ▪fi

♥♫╩ ↕∑⌂⅜╠Ɽꜟ☻╩ ⇔ ∕─

◘fiⱪꜞfi◓╩ ℮↓≤≢ ⌐ │ ∆

╢ ⇔⅛⇔ ◘fiⱪꜟ⌐ ╖ ↑∆╢

╩ ↑╢ ↓≤≢ ⌐ⱦכⱶ ╩ ╘╢↓

≤⅜ ≢№╡ 2.14 NEXRAD≢│₈Super 

resolution₉≤™℮ ≢ ⇔≡™╢

Warning Decision Training Branch2008

│≢כ♄כ꜠ ↓─ ╩ PRF─☻◐ꜗ

fi⌐ ⇔ ≤⇔≡ⱢⱵfi◓ │Ɫ♬fi

◓ ╩ ╦∑≡ fiⱪ◘♃כ♦─

ꜞfi◓╩↓╣╕≢─ 0.7Á 360Á╩ 512 ⅛

╠ 0.35Á 360Á╩ 1024 ⌐ ↕∑√  

⌐╟╡ כ◖◄ │╟╡ ⌐

╢╟℮⌐⌂╢ 2.15 │ ─ ⌐

╟╢ כꜞ♠▬◌☻ ─ ⅎ ─ ™╩

⇔√╙─≢№╢ ⱦכⱶ ─ ≢ ⌐

⅜╡╩ ≈⅜ Ɫ♬fi◓ ≢│

⌂⇔ ⌐ ⌐ⱪכꜗ◦╡╟≡═

∫≡⅔╡ ∕─ 3 dB │ 0.75Á ⌂⇔≢

│ 0.90Á ≢№╢ ╕√ 2.16 │ 2022  

 

2.14  ─  

 
2.15  ⌐╟╢ ─ ⅎ ─

™ ⌐ 0 ≤ 0

│ ☿◒♃ ─ ™╩ ⇔≡™╢  

 

2.16 ≢כ♄כ꜠  ⇔√ⱨ♇◒◄◖כ

≤ⱷ♁◘▬◒꜡fi 0.35Á

0.7Á ⌐╟╢

│ ⅜ ╠╣√ ╩ ∆  
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8 18 9 25 ⌐ ≢כ♄כ꜠ ⅎ√

ⱨ♇◒◄◖כ≢№╡ ≢ ∆╟℮⌐ⱷ♁

◘▬◒꜡fi╙ ↕╣≡™╢ ↓─≤⅝ ≤

↕╣╢ ╙ ↕╣√

2022 │ ⌐╟╢☻◐ꜗfi

│ ⌐╟╢☻◐ꜗfi≢№╡ ≈─☻

◐ꜗfi│ ⅛≈ │ 15 ≢№╢

⌐ ≢│ ⌐╟╡ ⅛™ ⅜

↕╣ ⱨ♇◒◄◖כ⅜ ⌐ ∫≡™╢  

√∞⇔ ⌂ⱥ♇♩ ⅜ ⌐ ∆

╢√╘ ╩ ℮≤ ─ ╛

ⱡ▬☼─┌╠≈⅝ ≤™∫√ ╙

∂╢↓≤⌐│ ⅜ ≢№╢ ⱡ▬☼

─┌╠≈⅝│ӏ2 = 1.5 dB ⅝ↄ⌂╡ ὖ☻꜠

♇◦ꜛꜟ♪⅜↓─ ∆╢ ↓─ ─

⌂≥S/N─ ⅜כ◖◄™ ⅛⌐ ╡⌐ↄↄ⌂

╢  

 

2.6  ─  

▪ ◓ꜝfi♪◒ꜝ♇♃ ─  

₈◒ꜝ♇♃ clutter₉│ ╙≤╙≤₈ ╠⅛∫

√ ₉≤™℮ ─ ≢ כ♄כ꜠≡∂

⌐⅔™≡ ⅛╠─ ╩ ∆ ⌐

כ♄כ꜠ ⌐⅔™≡│ ─

⇔┬⅝ ה ה

ה ⌂≥ ⅛╠─ │ ≡◒ꜝ

♇♃≢№╢ ≢╙ ⅛╠─ ◓ꜝ

fi♪◒ꜝ♇♃ │ ∕─ ╙ ⅝ↄ

≢ ⌐ ⇔≡ ∆╢√╘ ┼ ⅎ╢

⅜ ⅝™ ◓ꜝfi♪◒ꜝ♇♃⅜ ⌐כ◖◄

∆╢≤ │ ↕╣ ♪♇ⱪꜝ

כ │ ↕╣╢ ╕√ Ɽꜝⱷכ♃

╙ ╘≡⇔╕™ ⅛⌂ ≢№∫≡╙ ╩

↑╢ ↕╙№╢  

ↄ─ │≢כ♄כ꜠ ◓ꜝfi♪◒ꜝ♇♃─

╩ ↑╢√╘ ⇔√◒ꜝ♇♃ ╩

∆╢₈◒ꜝ♇♃ⱨ▫ꜟ♃₉⌐ ∆↓≤≢ ◄

╩╖─כ◖ ∆╢ MTI⅜ ╦╣≡™╢

⌐ ◓ꜝfi♪◒ꜝ♇♃─Ɽ꞉כ☻Ɑ◒♩ꜟ│

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
11 ⱥ♇♩↔≤⌐ ⅜ ⌂™ ╩ ≈◓ꜝfi♪◒ꜝ♇♃╩Ɫ▬Ɽ☻ⱨ▫ꜟ♃כ⌐╟╡ ∆╢  

0 m/s╩ ╩◒כⱪ⌂Ⱨכꜗ◦⌐ ∆╢

∕↓≢ ─ ⅔⌐DRAWהכ♄כ꜠

™≡│ ╩ ™╢◖ⱥכ꜠fi♩⌂ MTI

◖ⱥכ꜠fi♩ MTI≤⇔≡ ╩

ⱨכꜞ◄ FFT: Fast Fourier Transform⇔

0 m/s ─☻Ɑ◒♩ꜟ╩ ∆╢≤≤╙⌐

╩ ∆╢ ╩ ⇔≡⅝√

2001⌂≥  

⇔⅛⇔⌂⅜╠ ↓─ ≢│⇔┌⇔┌ ╙

∂≡™√ ⌐│ 2.17 ⌐ ∆≤⅔╡  

ᵑ ™ ⌐╟╢ ─ ╣╛ FFT⌐ ∆╢

☻Ɑ◒♩ꜟ ╣ ⌐╟╡◓ꜝfi♪◒ꜝ♇♃

─☻Ɑ◒♩ꜟ⅜ ⅜╡ MTI⌐╟∫≡ 0 

m/s │ ⇔√╙── ⅜ ⅎ ╢  

ᵒ ◄◖כ≤◓ꜝfi♪◒ꜝ♇♃─ ⅎ ╡

⅜ ⇔ ╩ ∆╢  

ᵓ 0 m/sↄ⌐№╢ ╙כ◖◄ ⇔≡

⇔╕™ ─ ⅜ ∂╢≤≤╙

⌐ ☻Ɑ◒♩ꜟ─Ⱨכ◒⅜∏╣≡♪♇ⱪꜝכ

╩ ∆╢  

≤™∫√╙─≢ ⌐ᵑᵒ⌐≈™≡│

─ ╩ ⅝╛∆ↄ ⅜ ⅝™  

↓─╟℮⌂ ⌐ ∆╢⌐│ ◒ꜝ♇♃─

⇔√ ╩ ⌐ ⇔ ⌐ ∂

√ ╩ ℮ ∆⌂╦∟₈ MTI₉⅜ ≢

№╢ ⌐│ ◒ꜝ♇♃─╖⅜ ⇔√

│ ™◒ꜝ♇♃⅜ ⇔ ⅜ ─

│ ⇔ ◓ꜝfi♪◒ꜝ♇♃≤ ⅜כ◖◄

⇔√ │ MTI ♃כ♦─ ╖─כ◖◄

─ │ MTI ♃כ♦─ Normal─ ≢

₈NOR₉≤™℮ ╩∕╣∙╣ ∆╣┌╟™  

─ ↄ─ ╙⌐כ♄כ꜠ MTI

│ ↕╣≡™√⅜ ∕─ │ ≤│ ⅎ⌂

⅛∫√ ↓╣│ │≢כ♄כ꜠

≢⅝╢ ⅜ ╠╣╢⅛╠≢№╢ ─

≢│ NOR─♪♇ⱪꜝכ ─ ┘

⅜≥∟╠╙ ↕ↄ 0 m/s⌐ ™ ⅛≈ⱡfi◖

ⱥכ꜠fi♩ MTI11⌐╟╢◒ꜝ♇♃ ⅜ ⅝™

ⱦfi─╖⌐ MTI╩ ↑╢≤™℮╙─≢№∫√ ⇔
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⅛⇔ ♃♇ꜝ◒╙≢כ◖◄ ⅜ ⅝ↄ⌂

╢↓≤⅜№╡ ╡ ⇔≤╙ ╕∫≡♪♇ⱪꜝכ

─ ↕™ ╩כ◖◄ ╘≡⇔╕℮↓≤⅜

№∫√ ╕√ MTI ⌐ NOR/MTI

⇔⅛ ╕╣≡⅔╠∏ ™◓ꜝfi♪◒ꜝ♇♃⅜

MTI≢ ⇔⅝╣∏⌐ ⅎ ╢↓≤╙ ⅛∫√  

∕↓≢ ─ ⇔√ Ɽꜝⱷכ♃  

 

╩ ⌐ ╡ ╣√ ╩ כ꜠

⌐╙≥DRAWהכ♄ ⇔√ 2.18 ⌐ ⱨ

╩כ꜡ ∆ │ ∕─ ─☻꜠♇◦ꜛꜟ

♪ ─ ≤≤╙⌐ │

2╩ │ DRAW─

MTI─ ─╖ ⌐ ↕╣╢

⌂⅔ ⌐ ─⌂™ ─◘▬♩╩ ⅝   

 

2.17  ─◖ⱥכ꜠fi♩ MTI⌐╟╢ ─ ≤  

 

2.18 ╢↑⅔⌐כ♄כ꜠  MTI─ⱨ꜡כ ⇔√ │
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≢│ ≢ ╘≡™╢   

↓↓≢ ⇔√ MTI─ ⌐ ™╢

─ ⌐≈™≡ ∆╢  

ᵑCSR (Clutter Suppression Ratio) 

 CSR (dB) = Pr NOR (dBm) ī Pr MTI (dBm)≢

12↕╣ MTI⌐╟╢ ⅜ ⅝™╒≥

⅜ ⅝ↄ⌂╢√╘ ◓ꜝfi♪◒ꜝ♇♃
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√╘ ∆╢ CPA╛ S(‪ )⌐╟╡◒ꜝ♇♃⅜

⇔≡™╢≤ ↕╣√ ─╖ ⱨꜝ◓

╩ ∆⅛ ⅛╩ ∆╢≤™∫√ ⌐ ╘≡

™╢ ╛ CSR⅜ ↕™ ⌐│◒ꜝ♇♃

⌂⇔≤╖⌂⇔ NOR ∆╢ ╩ ∫≡™

√⅜ ⌐╟╢◒ꜝ♇♃⅜ ─ CSR╩ ≈↓≤⅜

№╡ ⇔┌⇔┌ ⅎ ╡⅜ ╠╣√↓≤⅛╠ ↓

─ │ ↕∑≡™╢ ⌐ ╡

≢⅝⌂™⅛│ ─ ≢№╢  

ᵒCPA (Clutter Phase Alignment) 

◘fiⱪꜞfi◓ ⌐⅔↑╢ ─

─ ≢№╡ Hubbert et al.2009ab ≢

↕╣√ IQ♦כ♃─℮∟ i ─ⱥ♇♩─ I

╩ὍQ ╩ὗ≤ ∆≤ │ ≤⌂╢  

ὅὖὃ Ὅ ὗ Ὅ ὗ ς  

─≥↔♩♇ⱥ⌐℮╟─כ◖◄ ⅜ꜝfi♄

ⱶ⌐ ™ │ ↕⌂ ╩ ◓ꜝfi♪◒ꜝ♇♃─

╟℮⌐ ⅜╒╓ ∂ ⌐│1⌐ ™ ╩ ╢

√╘ 1⌐ ™ⱦfi⌐│◒ꜝ♇♃⅜ ⇔≡™╢

≤ ≢⅝╢ ◓ꜝfi♪◒ꜝ♇♃─ ─

⌐│ ∆╢ S(‪ )⅜ ⌐ ≢│№╢⅜

─ ⅛╠ 1-2ⱦfi ─ ⌂◓

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
12 ─ ╩ ⌐⇔√ CSR (Clutter to Signal Ratio) ≤™℮ ─▪◒꜡♬ⱶ╙№╢↓≤⌐  
13 ὤ ╛” ╙ ™ ╩ ∆╢⅜ │ S/N ⅜ ™ ⌐‪ ╟╡ ⅜ ⅎ╛∆ↄ ♃♇ꜝ◒כ◦│

⌐ ⇔≡‪ ≤ ═≡ ⅜ ⅝ↄ⌂╡⌐ↄ™√╘ ⌐│‪ ⅜ ╙ ⅜ ™  

ꜝfi♪◒ꜝ♇♃─ ⅜ ⇔™ CPA│ⱦfi↔≤

⌐ ⌐ ≢⅝╢√╘ ◒ꜝ♇♃─ ⇔╩

╠∆↓≤⅜≢⅝╢ ⌂⅔ ⌐⌂∫√

│ ⌐ CPA≢ NOR/MTI╩ ℮↓≤≤⌂╢  

ᵓS(‪ ) 

‪ ─ ┌╠≈⅝╩ ⇔√╙─≢ №

╢ ≢‪ ╩ ⌐ ⇔ ∕─

╩ ╘√╙─≢№╢ ⌂ │

3╩ ⌐℮╟─כ◖◄ ◘fiⱪꜞfi◓

⅜ ─ ≢ √↕╣≡™╢ │

‪ │ ⌐ ₁⌐ ∆╢ ≈╕╡

≤ ─ ⅜ ∕╣∙╣◘fiⱪꜞfi◓

─ ≢ ↕╣≡™╢≤╖⌂∆↓≤⅜≢⅝

╢ ↓╣⌐ ⇔ ◓ꜝfi♪◒ꜝ♇♃≢│ ◘fiⱪ

ꜞfi◓ ⌐ ⅜ ⇔≡™╢√╘ ‪

│ ⌐ꜝfi♄ⱶ⌐ ™ ╩≤╢13 ≈╕╡

≤ ─ ⅜ ₁─ ⅛╠

⇔≡™╢╟℮⌐ ⅎ╢ ╟∫≡ ◓ꜝfi♪◒ꜝ

♇♃≤ ╩כ◖◄ ⌐ ≢⅝╢  

MTI ╩ ⌐ ⌂╙─≤∆╢√╘

⌐│ MTI ─ ╙ ≢№╢ FFT⌐╟╢

─ ≢│ ⌐ⱥ♇♩ ⅜ ↕™

─ ⌐╟╡ ─ ╩ ⅎ╢ ⅜

⇔ↄ Ɽꜝⱷכ♃ ⌐” ╩ ↕∑≡

⇔╕℮ ⌐№╢ ⱨ▫ꜟ♃ ╩

≢ ⅎ╠╣╢ IIR (Infinite Impulse Response) ─╟

℮⌂ ⌐ ∆╢ MTI ≢│ Ɽꜝ

ⱷכ♃─ ⅜ ↕ↄ 0m/s ─

─ ⅜ ⅝™♦ⱷꜞ♇♩╙ MTI

─ ⌐╟╡ ≢⅝╢√╘ ╒╓ ≡─◘▬♩

≢ ↕╣≡™╢ 2.19 │ ⌐כ♄כ꜠

⅔↑╢ MTI(IIR) ─ S(‪ )≤” ╩ ⇔

√╙─≢№╢ ↓─≤⅝─ⱥ♇♩ │ 10 ≢

№╢⅜ ╛ ≢◓ꜝfi♪◒ꜝ

♇♃⌐╟╡ ⇔√ Ɽꜝⱷכ♃─ ╩

MTI⌐╟╡ ≢⅝≡™╢↓≤⅜ ⅛╢  

↕╠⌐ ≢ ═√ᵒ─ ─ ⌂╢

≤⇔≡ ╟╡ ⌂ MTI ╩ ⇔≡™╢   
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2.19 ╢↑⅔⌐כ♄כ꜠  MTI ─

Ɽꜝⱷכ♃─ 0.7Á S(‪ )

”  

 

ⅎ┌ ◒ꜝ♇♃ ╩ ⇔√ ◒ꜝ♇♃≤

⌐ ↕╣√ כ◖◄ ╩●►◦▪fi

∆╢↓≤≢Ᵽ▬▪☻╩ ⅎ╢ Gaussian 

Model Adaptive ProcessingGMAP⅜ ↕╣

NEXRAD ≢ ↕╣≡™╢ Siggia and 

Passarelli2004╕√ ≢ ╩ ℮

GMAP ⌐ ⇔≡ ≢ ─ ╩ ℮

GMAP-TD ╙ ↕╣≡™╢ Nguyen and 

Chandrasekar2013GMAP-TD │ ◒ꜝ♇♃⅜

⌐כ◖◄ ⇔≡ ⇔≡™╢ ⌂ ≢

╙ GMAP ⌐♪♇ⱪꜝכ ╛ ⌂≥

─Ɽꜝⱷכ♃ ⌐Ᵽ▬▪☻⅜ ⌐ↄ™↓≤

⅜ ↕╣≡™╢ ╠╣↓│≢כ♄כ꜠

⌐ ∂√ ╩ ⇔ ─◘▬♩≢│ ⌐

⇔≡∕─ ╩ →≡™╢  

═≡⅝√ ⌐╟╡ ◒ꜝ♇♃⅜ ⇔

√ ─ ┘ ⅜ ⌐

⇔ ≢ ═√ ─ ─╒≤╪≥⅜

⇔√ √∞⇔ ⌐│ Ɽꜝⱷכ

♃⅜ ≢⅝⌂™√╘ CSR ┘ CPA─╖╩

≤⇔≡ ∆╢ ⌂⅔ ⱨ□☺כ꜡☺♇◒╛

⌐╟╢ MTI ╙ ⇔≡™╢

⅜ Ɽꜝⱷכ♃ ╛ ⌐ ⅜⅛⅛╢ ≢

⌐ ═≡ ⌂ │ ≢⅝

≡⅔╠∏ 202312 ≢│ ⇔≡™⌂™  

 

▬ ∕─ ─◒ꜝ♇♃ ─  

 ▪≢ ═√ ─ MTI│ ◓ꜝ

fi♪◒ꜝ♇♃ ─ ↄ─◒ꜝ♇♃⌐ ⇔≡╙

⌐ ↄ ⅎ┌ │ⱨꜗ♅╛♃♇ꜝ◒כ◦

─◘fiⱪꜞfi◓ ─ ⅛╠ S(‪  )

⅜ ⅝⌂ ╩ ╡ MTI⌐╟╡ ↕

╣╢ ⌐≈™≡│ 4.2≢ ∆╢  

↓─ ≤⇔≡ ה ≤™∫√ ─

⅜כ◖◄ →╠╣╢ │כ◖◄─╠╣↓

S(‪ )⅜ ↕╘─ ≤⌂╢↓≤⅜ ╠╣≡⅔╡

Sugier and Tabary2006 MTI∞↑≢│

⅜ ⇔™  ὤ ⅜ ⅝ↄ ” ⅜ ↕™

≤™∫√ │≥כ◖◄ ⌂╢ ╙ ╠╣╢  

∕↓≢ ─כ◖◄ ╩ ROPS⌐

⇔√ 2.20 ⌐ ∆≤⅔╡ Ɽꜝⱷכ♃⌐

╟╢ ╩ ╖ ╦∑≡ ╩ ℮ ╕√

│כ◖◄ ⌐ ⅜ ⅝ↄ⌂™√╘

─ ♦ⱨ◊ꜟ♩│ 15.3 dBZ─

⌐ ╘⌐ ⅛╢╟℮⌂ ≤⇔≡™╢

≢כ♄כ꜠ ↕╣╢ ꜝⱪ♇♪─כ◖◄

כ │ ─ ≢ ≤ ⇔≡

╙ ⌂™ ⅜ ╠╣≡™╢ ה

2015↓─√╘ כ◖◄ │

⌐ כ◖◄╢∆ ⌐╖─♃כ♦ ⇔

⇔≡™╢ כ◖◄ ╩ ╘ ROPS⌐⅔↑

╢ ⱨ꜡כ─ ╩ 2.21 ⌐ ∆  

∕⇔≡ ◒ꜝ♇♃─╒⅛ ─

MTI│ ⱡ▬☼╙ ⌐ ≢⅝

╢√╘ ⌐ ∆╢ ╙№╢

⌂ │⌐כ♄כ꜠ ⱡ▬☼ ▪fi♥

♫⅛╠ ↕╣╢ ─ ⱡ▬☼ ╗

─ ─√╘ №╢☻꜠♇◦ꜛꜟ♪ ─ὖ╩

∆╢ ὖ☻꜠♇◦ꜛꜟ♪ ⅜ ╦∫≡™

╢ ⱡ▬☼│ⱥ♇♩↔≤⌐ ─√╘

ⱥ♇♩ ⅜ ⅝ↄ⌂╢≤ⱡ▬☼ ─ │

⇔ ☻꜠♇◦ꜛꜟ♪╩ ⅝ →╢↓≤⅜≢⅝╢

ⅎ┌ ─ │≢כ♄כ꜠ ⱥ♇♩

16─ ≢│ⱡ▬☼꜠ⱬꜟ+5 dBⱥ♇♩ 
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2.20 כ◖◄  ─ⱨ꜡כ ─ │♦ⱨ◊ꜟ♩─ ╩ ⅝ Z ┘ὤ

⌐≈™≡│ ─╙─╩ ™╢  

 

 

2.21  ROPS⌐⅔↑╢ ─ ⱨ꜡כ  
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∕ ↕╣≡⅔╡ ≥∟╠╙ ≤ ═≡ ⅝

→⅜ ≢⅝≡™╢ ↓╣│ ⱡ▬☼╩

MTI≢╙ ≢⅝╢↓≤⌐╟╡ ὖ☻꜠♇◦
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╢╟℮⌐⌂∫√√╘≢№╢ ⌐│
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╡ 99.8 %─ ⱡ▬☼│ὖ☻꜠♇◦ꜛꜟ♪⌐╟

╡ ╡ 0.2 %│ MTI⌐╟╡ ↕╣╢

↓─ S/N⅜ 0 dB⌐ ─כ◖◄™ ⅜≢⅝

╢╟℮⌐⌂╡ ⌐ ⅜∫≡™╢  

 

► ⱡ▬☼─ ╩ ⅎ√Ɽꜝⱷכ♃  

╛ Ɽꜝⱷכ♃ ─ │ S/N

⌐ ⇔≡⅔╡ S/N⅜ ∆╢≤ ⌐

ⱡ▬☼─ ⅜ ⅝ↄ⌂╡ ╙ ∆

╢ ⌐ ─ ╩ ™╢ Z╛ὤ ”

≢│ S/N─ ⌐╟╢ ⅜ ≢№╡

⌂ⱡ▬☼꜠ⱬꜟ╩ ╘ Ὑ⅛╠

⇔ ↄ↓≤≢ ∆╢ ⅜№╢ Zhang

2016↓╣⌐╟╡ ↄ─ ≢│ ⌂ ⅜

≢⅝╢⅜ ⱡ▬☼꜠ⱬꜟ│ ⌐╟╡

∆╢↓≤╙№╡ ⅜℮╕ↄ™⅛⌂™ ⅜

№╢  

ⱡ▬☼─ ╩ ⅎ╢╙℮ ≈─▪ⱪ꜡כ♅

≤⇔≡ ⱴꜟ♅ꜝ◓≤ ┌╣╢ ⅜ ↕╣≡

™╢ Lei et al. 2012 ⌐ ∆╢

ⱡ▬☼│ⱥ♇♩↔≤⌐ ≢№╢√╘ ꜝ◓

k (kԛ0) ─ 14╩ ╘╢≤ⱡ▬☼ │

⇔ 0≤⌂╢ ◒Ɑ☻כꜝⱪ♇♪─כ◖◄

♩ꜟ⅜●►◦▪fi ≢⅝╢ ╩ ⇔ ꜝ◓

1 ─ ⌂™⇔ 15⅛╠ Ɽꜝⱷ

╩♃כ ∆╢─⅜ⱴꜟ♅ꜝ◓─ ≢№

╢ │≢כ♄כ꜠ Lei et al.2012⌐

≠⅝ ὖ ♪♇ⱪꜝכ ‪ ” ⌐

⇔≡ ꜝ◓ 4╕≢─ ⅜≢⅝╢╟℮⌐⇔≡

™╢ DRAW│ꜝ◓ 2╕≢   

ⱴꜟ♅ꜝ◓╩ ∆╢↓≤≢ S/N ─

╩ ⇔≈≈ ⱡ▬☼─ ⌐╟╢

MDS (Minimum Detectable Signal) ─ ⅝ →╛

─ ≤™∫√ⱷꜞ♇♩⅜ ↕╣╢

≢ ╙№╡ ⅜ ⅝™ ╛ PRF⅜ ™

⌐│◘fiⱪꜟ ─ ⅜ ↄ⌂╡ ⱴꜟ♅ꜝ

◓─ὖ⅜ ∆╢ ↓╣╠─ ╩ ╕ⅎ 2023

12 ≢│ ᵑ ⌐╟╢ ◄

כ◖ ─╖ S/N ⌐ꜝ◓ 2╩ ◘▬

♩╩ ↄ ᵒ ⌐ꜝ◓ 2╩ ≤™∫

√ ⌂ ⌐≤≥╘ ὖ ┘” ⌐│

─כ♄כ꜠ ⌐ ⇔√ ⱡ▬☼꜠

ⱬꜟ╩ ⇔ ↄ↓≤≢ ╩ ∫≡™╢ √∞⇔

PRF⅜ ™ ⌐ ⇔≡│ ⱴꜟ♅ꜝ◓─ ╩

≢⅝╢ ⅜№╡ ─ ≢№╢   

 

◄ ─  

╠⅛כ♄כ꜠  ↕╣√ ─ ⅜

─ ⌐╟∫≡ ↕╣√ ∕─

│⌐♃כ♦─ ─ ⌐№╢◄

כ◖ ⅜ ⇔ ≤⇔≡ ╣╢ ↓─

│ ⌂ⱦכⱶ ≤│ ⌂╡

∞↑≢⌂ↄ♪♇ⱪꜝכ ╛

⌂≥─ ╙⌐♃כ♦─ ⅝⌂ ╩ ⅎ╢

⌐♪♇ⱪꜝכ │ ↄ ⌂╢ ♃כ♦─

⅜ ∆╢↓≤≢ ─≥♃כ♦─ ⅜

∂╢√╘ ╡ ⇔ ⌐ ⇔ ⇔ↄ ∫√

╩ ∂╢↓≤╙№╢  

 ↓─╟℮⌂ ⌐│ ™ↄ≈⅛─ ⅜ ╠╣

╢ ╕∏ │ ≤⌂╢ ─№╢ ⌐

∏ ⇔ ╕√∕─ ∏⇔╙ 180Á

⅝≤│ ╠⌂™ ⌐│ ⅜כ◖◄ ∆╢

ⅎ≡ ⌐╟╢ │ 1╟╡ ↕™√╘

─ │ ╟╡ ↕ↄ⌂╢ ♪♇ 

ⱪꜝכ ⌐≈™≡│ ≤ ≢ ─

⅜ ╠╣╢≤™∫√ ╙№╢  

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
14 ∕╣∙╣─ ╩ ◦ⱨ♩⇔√ ─ ─ ≤─ ╩ ∆  
15 ≤ ─ ─ ╩ ∆  
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2.22  ♪♇ⱪꜝכ ┼─ DRAW  

 

2.5  ─ ╡ ⇔ ─ ™ │◘▬♩⌐╟╡ ⌂╢√╘ ≢№╢  

∕↓≢ ↓─╟℮⌂ ╩ ⇔≡ ╩

⇔ ∆╢ ╩ ─◘▬♩⌐ ⇔√

─ ╩ 2.22 ⌐ ∆ ↓╣╕≢│

╩ ≡ ∆╢ ╩ ∫≡™√⅜

≤⌂∫≡⇔╕℮ ⅜№∫√ │

─ ⇔╛∆™ ─ ⌐כ♄כ꜠

⅔™≡ ♃כ♦ ─ ⌐ ∆╢  

 

○ ♪♇ⱪꜝכ ─ ╡ ⇔  

 2.3 ≢ ═√≤⅔╡ כ♄כ꜠

≢│ Ɽꜟ☻─Ⱪꜝ▬fi♪꜠fi☺╩ ∆╢√

╘ Ɽꜟ☻─ ╙ ≤⌂╢ ↓╣⌐

™ ⌐ ═ ≢№∫≡╙

PRF⅜ ∆╢ ⇔≡ ⇔≡™√
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♪♇ⱪꜝכ ─ ╡ ⇔ ─

╩±64 m/s PRF╩ ⇔√ ╡ ⇔
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≢ ⇔√ 5:4─ PRF≢│ 58 m/s ⇔

⅛ ≢⅝∏ 120 km─ ╩ ⇔≈≈

╩ ↕∑╢ ⅜ ≤⌂∫√  

↓─√╘ 6:5─ PRF ╩ ⇔ ╡ ⇔

─ ╩ ╢↓≤≤⇔√ PRF╩ →╢≤♪

♇ⱪꜝכ ─ │ ⅜╢⅜ ♪♇ⱪꜝכ

─ ⌐ ≤⌂╢ ↓─√╘ ♦

╩fiꜛ◦כ꜠ꜙⱵ◦╢╟⌐♃כ ™ ⱴ▬◒꜡Ᵽ

♩☻כ ─ ⌐ ⅜⌂™↓≤╩ ∆╢≤

≤╙⌐ ╢╟⌐כ♄כ꜠ ╩ ™

HMP 16≤─ ∑⌐╟╡ ─ ⅜⌂™

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
16 Hybrid Multi-PRI ≢ ↕╣√ ─♪♇ⱪꜝכ ╡ ⇔ Yamauchi et al., 

2006 ↄ⌡╕№│≢כ♄כ꜠  
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↓≤╩№╠⅛∂╘ ⇔√ ♄כ꜠

│כ ™ ╩ ⅎ≡⅔╡ ↓╣⌐╟╡♪

♇ⱪꜝכ ─ ╙ ↄ ⅜ ∂⌂™

⌐ ⅜∫√≤ ⅎ╠╣╢  

DRAW─ ╩ ╕ⅎ ⌐

⇔√ DRAW ┘⌐ │≢כ♄כ꜠ ™∏

╣╙ 6:5─ PRF ╩ ⇔≡™╢ ─

╡ ⇔ ⌐≈™≡ 2.5 ⌐╕≤╘√

─ │≢כ♄כ꜠ 53 m/s ≢№∫√

√╘ ─ ╛ ─

≢│ ╡ ⇔⅜ ∆╢↓≤⅜№∫√⅜

│ ─ ╡ ⇔ ╩ ≢⅝√  

 

2.7  ∕─  

ה ▪ ─  

⌐⅔↑╢ ⅜כ♄כ꜠ √∆

│╕∆╕∆ ╕∫≡⅔╡ ↓╣╕≢ ─
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≤⌂∫√√╘ ⌐ ╖ ╖

─ ⌐ ╩ ⇔√  

⌐ ⅛╠ ╩ ∆╢√╘─ T/R

ꜞⱵ♇♃⌐≈™≡ ═╢ │ ⅜

⅝⅛∫√↓≤╙№╡ ♃▬Ⱶfi◓─╖ ╩

℮▪◒♥▫Ⱪ♃▬ⱪ⅜ ↄ─◘▬♩≢ ↕
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╦∑╢≤ │⌂™ ╕√ ►▫fi♪◦▪

─כ ╩ ∂√ ─ ╩
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⅜ꜟכꜙ☺⸗ ⇔≡╙ ⅜

 

3.1  DRAW┼ ⇔√◦☻♥ⱶ─ │ ⅛╠─  
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 DRAW≢│ ╠⅛כ♄כ꜠ 10 km─ ⌐№╢

500 m─ⱴ▬◒꜡Ᵽכ☻♩╩ ≢⅝╢╟℮
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─ ╩ 1.2⅛╠ 1

│☻fi◔כ◦ 6 ⅛╠ 5 ┼ ⇔√ ↓
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▬ ─  

2016⌐ ⇔√ 3 ─ DRAW

≢│ Ɽꜟ☻ 64 us╩ ⇔√ ↓

╣│ ╢╟⌐כ♄כ꜠ LFM─ 17─

Ɽꜟ☻ ⅜ ™╒≥꜠fi☺◘▬♪꜡כⱩ╩

≢⅝ ⅜ 50 dBZ╩ ⅎ╢ └╞℮

╛ ─ ╩ ↑╢√╘⌐│ 60 dB ─
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⇔┌ ╠╣√ ╕√ ►▫fi♪◦▪כ─
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∕↓≢ ─ DRAW≢│ ◔

─ꜟⱩכ ⌐╟╡ ꜡☻╩ ↕∑╢≤
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╩ ↕∑√ NLFM─ ⌐╟╡ ⅎ
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17 https://www.mri-jma.go.jp/Research/evaluation/Assignment/assign_fy2013_25.html, 2023.12.18  
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─ ⌐╟╡ ─

╙ ⇔ ↓╣⌐╟╢ ╙ ⅝
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╣╢√╘ ╩ 1:100⌐ ∆╢↓
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⇔√ Hi ─ ⅜ ╠╣╢
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⌐ ∂≡ ⇔≡™╢⅜ 1-2 km ≤⇔≡™╢

3.4⌐⅔™≡ ↔ↄ ─ ⌐╙ ─
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4.  ─ ⌐╟╢  

4.1  Ɽꜝⱷכ♃─  

│≢כ♄כ꜠ ─

≢כ♄כ꜠ ╠╣╢ ὤ

♪♇ⱪꜝכ ὠ ὡ

⌐ ⅎ (ὤ ) ♪♇ⱪ

כꜝ ὠ ὡ

ὤ ‪

” ≤™∫√ √⌂Ɽꜝⱷכ♃╩

ↄ ╢↓≤⅜≢⅝╢ ╕√ ‪ ─ ⅛╠

│ ὑ ⅜ ╠╣╢ ↓╣

╠─Ɽꜝⱷכ♃╩ ∆╢↓≤≢  

ה כ◖◄ ⌐╟╢ ⌂  

ה ─  
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╩ ≢⅝╢ ≢│ ⌐ ⌂ Ɽꜝⱷ

♃כ 4.1 ⌐≈™≡ ∆╢  

 

ừ 18 ὤ dB  

≥ ה ─ ─  

─ ה ╩ ⇔ ⌐ ™╒≥ ⅜

0 dB⌐ ↄ ⌐⌂╢╒≥ ⅜ ⅝™

─ ─ ╩ ↑ ⅜

⅝™╒≥ ≤⌂╡ ⅜

∆╢  

─ ה ╛ ─ ⅜

╠╣ ╛

⌐  

∂ ה ≢№∫≡╙ ╛ ≢│

⅜ ↕™√╘ 0 dB⌐ ↄ⌂╢ Ryzhkov 

and Zrnic2019 

⅜ ה ↄ⌂╢≤ ⌂ ≢№∫≡╙

─╠⅛כ♄כ꜠ ⅛↑─ ⅜ ⇔ ⅜
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ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
18 ⌐╟ↄ √Ɽꜝⱷכ♃≤⇔≡ ὤ Golestani et al. 1989⅜ ↕╣≡™╢ ὤ │ ≢

⇔√ὤ≤ὤ─ ╩ ⇔√╙─≢№╡ ≤ ⅜ ∆╢ ⌐ ─ ╩ ∆╢

⌐ ™╠╣╢↓≤⅜№╢ Bringi and Chandrasekar2001 
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╟╢ ─ ╣⅜ ─ ⌐ ═≡

⅝ↄ⌂╢ ↓─√╘ ╩ ∆╢╒

≥ ⅜ ⅝ↄ⌂╢  

╘√─ ה ╛ ⌐╟╢

─ ╩ ↑⌂™  

≤⌂℮╞└ ה ─ ≢│ Ⱶכ ⌐╟

╡ ⅜ ∂╢↓≤⅜№╡ ↓─

‏ ╛ ‭╩ ∆╢

⅜№╢ ≈╕╡ ↕╣√‪ ≤ ─

ɮ │ ─ ⌐№╢  

‪ ɮ ‏ ‭ σ  

 

ừ ὑ deg/km  

‪ ה ɮ ─  

─ ה ≤ ╩ ⇔

⌐│ ≢ ╦↕╣╢ Bringi and 

Chandrasekar2001 

ὑ
ρψπ

‗
ρπὅὡρ ὶ  τ  
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↓↓≢ כ♄כ꜠│‗ ά ὅ│

σȢχυ ὡ│ Ὣ ά ὶ│ ╖

⅝ ⇔√ ─ ≢№╢  

╘√─ ה ╛ ⌐╟╢

─ ╩ ↑⌂™  

─ ה ⌐╟╢ ╩ ↑⌐ↄↄ

─ ⌐ ⌐  

⅜ ה ™╒≥ ™ ╛ ─

⌐ ⇔≡ ⅜ ↄ ⅜ ⇔ↄ⌂╢  

 

ừ ” ⌂⇔  

≥ ה ─ ─  

ⱶכꜙꜞⱲ ה ─ ─ ╩ ╦

⇔ 1⌐ ™╒≥ ⅜ ™  

⌐ ה  

 

4.2 כ◖◄  ⌐╟╢  

 ─ │≢כ♄כ꜠ ⇔┌⇔┌ ╡

╗ ⌐כ◖◄ ↄ ╕↕╣≡⅝√ 4.2

⌐ ⌂ ─כ◖◄ ╩ ∆ ⌐

╩ ╓∆ ⅜כ◖◄ ╠╣√ ⌐

│ ╩כ◖◄─ ≡ ∆╢₈

NO-ECHO₉≤ ┌╣╢ ╩ ⅜

≢ ON⌐ ╡ ⅎ≡™√⅜ ⌐ ◄

╙כ◖ ∆╢ ⌐│ ⇔╩ ← ⅛╠

╡ ⅎ│ ╦∏ ┼─ ⌐ ╘

≡™√  

 ↓╣⌐ ⇔ │≢כ♄כ꜠ 2.6

▪ ┘▬≢ ═√ ─ ⌐╟╡ ↓╣

╠─ ⅜╒╓ ∆╢ 4.3⌐ כ꜠

╢↑⅔⌐כ♄ ─ NO-ECHO╩ ⇔

√ ─ ╩ ∆ │ ⌐╟╡┌╠≈

⅝│№╢╙── 100-300 ╙ ⇔≡™√

⅜ 2021 │╒╓ ↕╣⌂ↄ⌂

∫√↓≤⅜ ⅛╢ 20213 ⌐ 9 ∞↑

⅜№╢⅜ ↓╣│ ─ Ɽꜝⱷכ♃

⅜ ≢№∫√√╘⌐◓ꜝfi♪◒ꜝ♇♃

─ ⅎ ╡⅜ ∂√↓≤⌐╟╢╙─≢ │Ɽ

ꜝⱷכ♃ ⌐╟╡ ⇔≡™╢ ⌂⅔

כ♄כ꜠ ≢│ ─ NO-ECHO

─ │™∏╣╙ 0≢№╢

 

≢כ♄כ꜠ 4.2 ↕╣ כ♄כ꜠ ⌐ ╡↓╪∞ ⌂ ─כ◖◄ a

─ ⌐ ╠╣╢◓ꜝfi♪◒ꜝ♇♃─ ⅎ ╡ b ⌐╟╢◒ꜝ♇♃ c ⌐╟╢◦

♃♇ꜝ◒כ d ─♃♇ꜝ◒כ◦─ ⅎ ╡ e כ◖◄ f כ◖◄⅝  
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╢↑⅔⌐כ♄כ꜠ 4.3 NO-ECHO─

 

 

▪ ◓ꜝfi♪◒ꜝ♇♃ 

╛ ⅛╠─ ≢№╢◓ꜝfi♪◒

ꜝ♇♃│ ╩ √⌂™√╘ MTI⌐╟∫≡

⅔⅔╗⌡ ≢№╢⅜ ─ ⌐

≢ ⅎ ╢ ⅜№╡ ╣╢ │

⌐╟╢╙─≤ ↕╣╢ ⌐⅔™

≡ ⅜ ↕╣≡⇔╕℮↓≤⅜⇔┌⇔┌№

∫√ ╕√ ◄Ⱡꜟ◑כ─

⌐ ™ ─ ⌐ ─ ⅜

↕╣≡⅝≡™╢ כ♄כ꜠─ ┼─ │

⌐ ─ ⌐ ∆╢√╘ כ♄כ꜠

┼─ ─ ╩ ↑╢↓≤≢ ╩ ⇔≡

™╢⅜ ╠⅛כ♄כ꜠ ─ ≢№∫≡╙

⌐ ─☻◐ꜗfi⌐ ╡ ╖ ∫√

╛◐◐◒ꜟ⅜ ↕╣≡⇔╕℮↓≤⅜№

╢ ─Ⱪ꜠כ♪│ ⌐ ℮♪♇ⱪꜝכ

╩ ≈√╘ ─ MTI≢│ ⅜ ≢№╡

◒ꜝ♇♃⌐ ∆╢ ╩ ∆╢◒ꜝ♇

♃ⱴ♇ⱪ⌐╟╡ ─ ╩↓╣╕≢⌐

╙ ╖≡⅝√⅜ ≤⇔≡ ─ ╩ ≈

╙כ◖◄ ⇔≡⇔╕℮√╘ ─ ⇔

⌐ ⅜∫≡⇔╕℮⅔∕╣⅜№∫√  

⇔⅛⇔ │≢כ♄כ꜠ Ɽꜝ

ⱷכ♃╩ ⇔√ MTI ┘ כ◖◄

⌐╟╡ ↓╣╠─ ╩⅔⅔╗⌡ ≢⅝√

─כ♄כ꜠ כ◖◄╢↑⅔⌐0.2°

┘ ─ ╩ 4.4⌐ ∆ ♄כ꜠

כ ─ 2016 7 ⌐ ╛

⌐ ╠╣╢ ≤ ⅜ ⅝™  

 

4.4 ─כ♄כ꜠  0.2Á⌐⅔↑╢◄◖

כ ≤ ─

2016 7 20227  

 

│ ◓ꜝfi♪◒ꜝ♇♃─ ⅎ ╡⌐ ∆╢╙─

≤ ⅎ╠╣╢ ↓╣⌐ ⇔ ─ 20227

⌐│ ↓╣╠⅜ ⇔≡™╢↓≤⅜ ⅛╢ ⌂⅔

◘▬♩ ─ ⌐ ─♃♇ꜝ◒כ◦√™≡╣

╙ ⇔≡™╢ ↓╣⌐╟╡ │

0.2°─ ╩ ≢⅝╢ ⅜ ⇔√≤

™ⅎ╢ ╟╡ ⌐ ™ ⅜ ≤⌂╢↓

≤≢ ─ ⌐╙ ∆╢  

◒ꜝ♇♃⌐≈™≡╙ │ MTI

⌐╟╡╒╓ ≢⅝≡⅔╡ ⌐ ⇔≡

™√◒ꜝ♇♃ⱴ♇ⱪ│ ◘▬♩╩ ⅝ ⇔

√ ↓╣╕≢─≤↓╤ ─ ⌐ ⅜

╢╟℮⌂ ∫√ │ ╠╣⌂™⅜ ≤⅝⅔╡

ⅎ ╡⅜ ∂╢↓≤╙№╢ ≥─╟℮⌂ ⌐

⅔™≡↓─╟℮⌂ ⅎ ╡⅜ ∂╢─⅛ ╕√

Ɽꜝⱷכ♃ ⌐╟╢ ⅜ ⅛

≥℮⅛⌂≥⌐≈™≡│ ⅜ ≢№╢  

 

 ♃♇ꜝ◒כ◦ ▬

─כ♄כ꜠  │ ─◘▬♩≢№∫≡

╙ ╙ ↄ≡ī0.7° ≢№╡ ⱦכⱶ ⅜

⌐ √╢↓≤│⌂™ ⇔⅛⇔ ⱦכⱶ─ ╛◘

≢Ⱪכ꜡♪▬ ╩ ⅎ ≡⇔≥♃♇ꜝ◒כ◦

↕╣╢↓≤⅜⇔┌⇔┌№╢ ⱦכⱶ ╛

⌐╙╟╢⅜ 1° ♇ꜝ◒כ◦│≢

♃⅜ ╡⌐ↄ™√╘ ⌐℮╟─כ♄כ꜠

⌐╟╢ ╩ ∫≡™╣┌  ◘כ♄כ꜠



    90 :6 2023 

 

- 33 - 

 

 

4.5 ─ כ♄כ꜠ ┘

─כ♄כ꜠ a ─כ♄כ꜠

ī0.4Á⌐╟╢ὤ ┘⌐ ─כ♄כ꜠

ī0.7Á⌐╟╢ b ─ὤ c

d ─ὤ  

 

▬♩ │ ╘─ ╩ ∆╢↓≤≢ ♄כ꜠

כ ─♃♇ꜝ◒כ◦─┼ ╩ ↑╢↓≤

⅜ ≢№╢ √∞⇔ ⇔√╟℮⌐ DRAW≢

│↓─╟℮⌂ ⅜ ≢№╡ ─

╩ ⅝ →╢↓≤≢ ⇔≡™√  

↓─╟℮⌐ ─ ╢№╙≢כ♄כ꜠

─ │≢⅝≡™√⅜ ∕─ ≤⇔≡

⅜♃♇ꜝ◒כ◦╢╟⌐ →╠╣╢ 4.5

⌐ ─ כ♄כ꜠ ┘ כ꜠

─כ♄ ╩ ∆ ─

│≢כ♄כ꜠ ī0.4°─ ⌐⅔™≡ ◘▬

♩⅛╠ 100 km ⅜♃♇ꜝ◒כ◦⌐ ╦╣≡™

╢╒⅛ 300 km ─ ≢╙ 40 dBZ ─

⅜כ◖◄™ ╠╣╢ 4.5(a) ─ ™

─ ≢│ 100 

m ⌐ ─ ⅜ ╠╣ ꜝ

☺○♄◒♩⅜ ⇔≡™√ ↓─

─ⱦכⱶ⅜↓─ ⌐ ∆╢≤♄◒♩

⌐♩ꜝ♇ⱪ↕╣ ╕≢ ⇔ ⌐ⱦכⱶ

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
19 ─ ™ SⱣfi♪≢│ ►▫fi♪ⱪ꜡ⱨ□▬ꜝ≤ ⌐ Ⱪꜝ♇◓ ⌐╟╢ ⇔┌⇔╙כ◖◄

┌ ↕╣╢ │ ─√╘ ὤ ⅜╒╓ 0 dB≤™℮ ╩ ≈  

⅜ √╢╟℮⌂ ⅜ ∂≡™√≤ ⅎ╠╣╢  

─ │≢כ♄כ꜠

⌐◘▬♩ ╛♃♇ꜝ◒כ◦─ ─ כ◖◄

⅜ ∫≡™╢╙── 4.5(b) ™∏╣╙

↕╣≡⅔╡ (c) ⌂ כ♦

♃ (d) ≢│ ↕╣≡™╢ ↓╣│ ™

‪╙כ◖◄─╣∏ ─┌╠≈⅝⅜ ⅝ↄ

MTI⌐╟╡ ↕╣√√╘≢№╢ ♪♇ⱪꜝכ

╛” ─ Ɽꜝⱷכ♃≢│ ◒כ◦─

ꜝ♇♃╙ ─ ╙כ◖◄ ─ ⅜ ╠╣

╢↓≤⅛╠ ⅜♃♇ꜝ◒כ◦╙╣∏™ ╡

╪∞╙─≤ ↕╣╢ ─ ⌐כ♄כ꜠

⅔↑╢ NO-ECHO─ ⅜ ⇔√─╙

↓─ ╩♃♇ꜝ◒כ◦╢╟⌐ ≢⅝╢

╟℮⌐⌂∫√≤↓╤⅜ ⅝™  

 

כ◖◄ ► ה  

│≢כ♄כ꜠ ⅜ ⇔⌂™

⌐╙ ╩ ⅜כ◖◄⌐ ↕╣╢↓≤⅜

№╢ ↓╣╠│◄fi♀ꜟ◄◖כ≤╙ ┌╣ CⱣ

fi♪─ 19 Ɽꜝⱷכ♃─ ⌂≥⅛╠∕

─╒≤╪≥⅜ ╛ ⌂≥─ ╩ ∆╢

⌐ ∆╢≤ ⅎ╠╣≡™╢ Wilson et al.

1994⌂≥ ╕√ │כ◖◄─ ╩ ∆

╢ ╙ ╠╣ ─ ╡╩ ⇔≡™╢

╡ ─ ≤⇔≡ ╩כ♄כ꜠

╗ ╩כ♄כ꜠ ™√ ⅜ ↕╣≡™

╢ │≢Ɽ♇꜡כꜜ Dokter et al. 2011 ≢

│ Minda et al. 2008⌂≥  

™∏╣─ ╙כ◖◄ ♃♇ꜝ◒כ◦ ⌐

⅜ ↄ⅛≈ ╩ ≈√╘ MTI≢

≢⅝⌂™ ╩ ∆╢⅜ ⌐ ⌐

⅜№╢√╘ ╩ ↄ⇔≡╙ ╡ ╗ כ◦≢

◒ꜝ♇♃ ⌐ ⌂ ≢№╢ │ כ꜠

כ♄ ⌐ ╡ ╗─╩ ←√╘ ⌐

⅔™≡ 15.3 dBZ─ כ◖◄™

╩כ◖◄ ╗ ╩ ∑↨╢╩ ⌂⅛∫√

╕√  ⌐ ⇔√ ⌐│ 4.2 e  
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╢╟⌐כ♄כ꜠ 4.6 ─כ◖◄ ≤

∕─ aὤ כ◖◄ b

ὤ כ◖◄ c ὤ d ‪

e ” f (b) ─

│ ⅜כ◖◄ ↕╣√◄ꜞ▪╩ ∆  

 

─╟℮⌐ ⅎ ╡⅜ ∂╢↓≤╙№∫√  

∞⅜ ╩ ∆╣┌ ⌐

╩כ◖◄ ≢⅝ ≤ ─ ╙№╢

≢№╢ ↓╣│ ─ ─ ⌐ ⅎ

CⱣfi♪≢│ ─ כꜞ▬꜠⧵╟⅔│

│Ⱶכ ≤⌂╢↓≤⅛╠ Ɽꜝⱷכ♃─

⌐ ™⅜ ∂╢√╘≢№╢ ⅎ┌ Zrnic and 

Ryzhkov1999│ SⱣfi♪ ─כ♄כ꜠

╩ ⌐ ≢│ ⅜‏ ↕ↄ

ὤ ⅜ ⅝™ ─ │∕─ ─

╩ ≈↓≤╩ ⇔≡™╢ ⅜ ↕

ↄ ≢╒╓ ⌐ ∫≡ ↕╣≡™╢≤╖⌂∑

╢ ≤ ╩ ≢⅝⌂™ ╩ ∆╢

↓≤│ ♪♇ⱪꜝכ ─ ─ ⌐ ≢№╢  

∕↓≢ │≡™≈⌐כ◖◄ ─╖

╩ ⇔ ♪♇ⱪꜝכ │ ⇔⌂™ ≤⇔

√ 4.6⌐ ╢╟⌐כ♄כ꜠ ≤  

 

╢╟⌐כ♄כ꜠ 4.7 ─כ◖◄ ⅎ

╡ a ὤ b ” c

d ὤ כ◖◄  

 

╩ ∆ ─ ≢│ ≡ ─כ◖◄

╟℮⌐ ⅎ╢⅜ (a) │כ◖◄─

⌐ ≢ ⌐ ⅜╢ ╩ ∑ 2 dB ─

⅝⌂ὤ ╩ ≈≤≤╙⌐ (c) ” ╙ ™

⅜№╢↓≤⅛╠ (e) ─ ⌐╟╢

╙─≤ ⅎ╠╣╢ ‪ ─┌╠≈⅝⅜№╕╡ ⅝

ↄ⌂™ ⅜‏ ↕™, (d)√╘ MTI≢

│ ↕╣≡™⌂™ (f)⅜ (b)

─≤⅔╡ 2.6▬≢ ⇔√ כ◖◄ ⌐╟

╡ ⅜♃כ♦ ↕╣≡™╢  

│≡™≈⌐כ◖◄ ♪♇ⱪꜝכ ╙

╘ ≡─Ɽꜝⱷכ♃⅜ ↕╣╢ ⌐

│≢כ♄כ꜠╢№ ≤≤╙⌐ ⌐ ⅛∫≡

⅜כ◖◄ ∆╢ ⅜⇔┌⇔┌ ⌐

╠╣╢ ה ╛Ὓ‪ ⅜╛╛

⅝™ ╩ ╖╢≤ ╡ ⌐╟╢╙─≤ ↕

╣╢ │כ◖◄─╠╣↓ MTI⌐╟╡

↕╣╢↓≤⅜ ™⅜ ⅎ ∫√ ≢╙

כ◖◄ ╛ ╡ ⇔

♪♇ⱪꜝכ ⌐╟╡ ↕╣╢  

√∞⇔ ≤⅝⅔╡ ─כ◖◄ ⅎ ╡⅜ ╠

╣╢↓≤╙№╢ 4.7⌐ ≢כ♄כ꜠

╠╣√ ╩כ◖◄ ∆ │כ◖◄─↓ ─

05:30─ ┘ ⅛

╠ ⇔⌂⅜╠ ⌐ ⅝ↄ ⅜∫≡™√  
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╢╟⌐כ♄כ꜠ 4.8 כ◖◄⅝

─ ≤∕─ aὤ bὠ

c ὤ d ‪ e ” f

a e│™∏╣╙ ♃כ♦─  

 

Ὓ‪ ⅜ ↕╘≢ MTI⌐╟╡ ↕╣∏

╕√ ⅜ 15 dB-25 dB≤ ⇔⌐כ◖◄

≡│╛╛ ╘─ ⅜№╡ כ◖◄

⅜ ↄ ⅛╠⌂⅛∫√ ⅎ ╡⅜ ∂√

ὤ ⅜ 10 dB №╡ ╕√ ὤ ─ ⅜

╠╣⌂™ ─ ה ─ ∕─ ⅜

⌂ ≤ ⅎ╠╣ ⌐╟∫≡ὤ ⅜

∆╢ ⅜ ╠╣╢ Melnikov et.al2015

↓≤⅛╠ ⅜ ⌂ ⌐ ™ ─ ╣

╛ ─ ⅝⌂ ─ ─ ⅜№╢

⅜ │ ≢№╢  

 

 ⱨꜗ♅ה⅝ ◄

 ⅝│ ╩ ∆╢√╘⌐ ⌐ ⌐

≢ ╦╣ ╛ ⌂≥⅜ ≢№

╢ ⅝⌐╟╡ ⇔ ⌐ ⅝ →╠╣√

│ ⇔┌⇔┌ ≢כ♄כ꜠ ↕╣╢ 4.8

⌐ ≢כ♄כ꜠ ⅎ√ ─  

 

4.9 כ◖◄ⱨꜗ♅╢╟⌐כ♄כ꜠ 

─ ≤∕─ aὤ bὠ

c ὤ d ‪ e ” f

a e│™∏╣╙ ♃כ♦─  

 

כ◖◄⅝ ♃כ♦─ ╩ ∆ │כ◖◄

08:30⅞⌐ ⇔ ╘ ∕╣⅛╠ 1 ─

≢№╢ 53 dBZ╩ ⅎ╢ ™ ⅜ ╠╣

╢↓≤⅛╠ ⅝⌂ ⅜ ∂∫≡™╢╙─≤ ⅎ

╠╣╢ ─כ◖◄ ╙ ⌐כ◖◄─ ↄ

╠╦⇔™ ≢╙№∫√ │ ⌐

↕╣╢↓≤⅜╒≤╪≥─√╘ │≢⅝√

Ɽꜝⱷכ♃╩ ╢≤ ‪ ─┌╠≈⅝⅜

⅝ↄ MTI≢ ↕╣≡™╢↓≤⅜

⅛╢ ╕√ ὤ ⅜ ⅝ↄ ” ⅜ ↕™↓≤⅛╠

₁⌂ ╩ ≈ ⌂ ⅜ ⌐ ⅝ →╠

╣≡™╢≤ ⅎ╠╣╢ ≢╙” ─ ↕ ⅔⅔╗

⌡ 0.5 │ ≢ Melnikov et al. 2008

│ SⱣfi♪ ╢╟⌐כ♄כ꜠ ─

⅛╠ ” ╩ →╢ ≈─ ᵑ

─ ⅜ ᵒ ─ ⅝⅜ꜝfi♄ⱶ ᵓ

⅜ ™ ─ ≡⅜ ⌐╟╢ⱪꜟכⱶ

⌐ ∆╢ ⅜ ↄ ” ─ ↕⅜ὤ ╛‪ ─
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┌╠≈⅝╩ ↕∑≡™╢≤ ⇔≡™╢  

 ♅ꜗⱨ│ │ ─ ⌐ ⅛

╠ ↕╣√ ≢№╢ 4.9 ⌐

≢כ♄כ꜠ ⅎ√♅ꜗⱨ≤ ⅎ╠╣╢◄◖כ

⌐₈♅ꜗⱨ₉≤™℮ ╩ ⇔√

⌐│◓ꜝfi♪◒ꜝ♇♃ ♃♇ꜝ◒כ◦ ♅ꜗⱨ⅜

∕╣∙╣ ∫≡⅔╡ ™∏╣╙ ‪  )⅜ ⅝™√

╘ MTI⌐╟╡ ↕╣≡™╢⅜ ∕─

─Ɽꜝⱷכ♃≢│ ⌐ ™╙ ╠╣╢ ◓ꜝfi

♪◒ꜝ♇♃│♪♇ⱪꜝכ ⅜ 0⌐ ™ ◦

│ⱨꜗ♅≥♃♇ꜝ◒כ 0─♪♇ⱪꜝכ ≤⌂

∫≡™╢ ⅛≈∕╣∙╣ ⌂╢ ╩ ≈

(b) ╕√ ♅ꜗⱨ│ὤ ⅜ 5 dB ─ ≤⌂∫

≡⅔╡ ⌂ ╩ ∆╢↓≤⅜ ⅛╢

(c) ╕√ כ◖◄⅝ ” ⅜⅛⌂╡ ™

╙ ╠╣╢ (e)  

╙כ◖◄ⱨꜗ♅╙כ◖◄⅝ ⌐ ↕╣≡

™╢√╘ ♪♇ⱪꜝכ ≤⇔≡│ ⅜№

╢ ה 2015 │ ROPS⌐⅔™≡

≡ ⇔≡™╢⅜ ─◒ꜝ♇♃≤ ⇔

≤≢⅝╢⅛≥℮⅛│ ─ ≢№╢  

 

○ ◘fiⱡ▬☼ 

⅛╠ ↕╣╢ │ ⌐ ≢№

╡ CⱣfi♪╙ ╕╣╢√╘ ▪fi♥♫⅜

╩ ↄ≤ כ◖◄─ ◘fiⱡ▬☼ ◘fi

☻Ɽ▬◒ ≤⇔≡ ↕╣╢ ─ │

⌐ ≢⅝ ∕─ ╙ 0.53°≤ⱦכⱶ ≤

≢№╢√╘ ▪fi♥♫─ ה

⌐╟ↄ ↕╣╢╒⅛ │ ≢

↕╣√ ⱨꜝ♇◒☻─ ╩ ⇔ ─

⌐╙ ™╠╣╢↓≤╙№╢ Gabella et al.

2016 │ ≢№╢√╘ ὤ ⅜ 0 dB

” ⅜ ™ ‪ ⅜ꜝfi♄ⱶ≤™∫√ ⅜№╢

─ │≢כ♄כ꜠ ─ ⅜ ™

⌐⇔┌⇔┌◘fiⱡ▬☼⅜꜠כ♄כ

כ◖◄╛ ⌐ ╡ ╕╣╢↓≤⅜№∫√⅜

│≢כ♄כ꜠ S(‪ )⅜ ⅝™

⅛╠ MTI⌐╟╡ ↕╣╢  

 

 Ⱪכ꜡♪▬◘ ◌

─ ⌐╙ ⌂

⅜ ↕╣╢─│ ╣⌂™ ↓─╟℮⌂▪

fi♥♫◘▬♪꜡כⱩ│ ─ ♃כ♦╛

─ ╩ ↄ√╘ ⅛╠ ⱷ▬fi꜡כⱩ

⌐ ⇔≡ī26 dB DRAW≢│ī27 dB

─ ╩ ↑ ∕─ ╩ ∫≡⅝√ ⇔⅛⇔⌂

⅜╠ ™ ╩ ≈◓ꜝfi♪◒ꜝ♇♃╛└

╞℮⌐ ⇔≡│ ⅜Ⱪכ꜡♪▬◘ ⅎ ╢↓≤⅜

№∫√ ◦☻♥ⱶ 2009

ⅎ┌ī26 dB─◘▬♪꜡כⱩ꜠ⱬꜟ ─

╩ ╦∑≡ī52 dB─ ╩ ≢⅝≡™≡╙

60 dBZ─└╞℮⅜№╢≤ ⌐ 8 dBZ

─ ⅜כ◖◄Ⱪכ꜡♪▬◘⌂ ⅎ ╢ ╕√

│≢כ♄כ꜠ ⌐꜠fi☺◘

⅜Ⱪכ꜡♪▬ ∆╢ ⌐╙ ∆╢ ↓∟╠

╙ ╩ī60 dB ▪fi♥♫◘▬♪꜡כⱩī30 

dB ⌐ ≤∆╢↓≤≢ ╩ ∫≡™╢

⅜ ™ ⌐ ⇔≡│ ⅎ ╡⅜ ∂℮╢  

│ ─Ⱪכ꜡♪▬◘⌂℮╟─↓

⌐╙ ≢№╢ │≢כ♄כ꜠

└╞℮─╟℮⌂ ™ ⅜ ↕╣√

⌐▪fi♥♫◘▬♪꜡כⱩ⅜ ⌐꜠

fi☺◘▬♪꜡כⱩ⅜∕╣∙╣ ⇔℮╢⅜ ™∏

╣╙ Ⱪכ꜡♪▬◘≢ ⌐ ⅜№╢↓

≤⅛╠ ” ⅜ ↄ ‪ ╙ꜝfi♄ⱶ≤⌂╡

MTI ≢ ≢⅝╢ ⌂⅔ └╞℮─

⌐ TBSSThree-Body Scatter SpikeLemon

1988 ≤ ┌╣╢ ⅜כ◖◄ ∆╢↓≤⅜↓

╣╕≢№∫√⅜ ◦☻♥ⱶ

2009 ≢─ ⌐ ─ ⅜ ╣

╢↓≤⅛╠ ⌐ ↕╣╢≤ ⅎ╠╣╢  

 

◐ ™  כ◖◄

 ─ │≢כ♄כ꜠ ≢ ═√

─כ◖◄ ╩ ↑╢√╘ כ♄כ꜠

─ⱪ꜡♄◒♩ ⌐│ ⌐ ⇔ 15.3 

dBZ0.33 mm/h─ ⌐ ─ ╩ ↑≡™

√ כ♄כ꜠ ≢│ ─ ╩ ↑╢

√╘ ⌐ 2 km ─ ╩ ⇔≡™√↓≤≤

╕∫≡ כ◖◄ ⅜ ↄ ™ ╛ ◄◖
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⅜כ ↕╣≡⇔╕℮↓≤⅜№∫√ ─

│≢כ♄כ꜠ ⌐╟╡

─כ◖◄ ⅜ ≤⌂∫√√╘ ╩ 5 

dBZ0.1 mm/h─ ⌐ ⌐ ⅝ →√ ↓

╣⌐╟╡ ™ ╩כ◖◄ ⇔╛∆ↄ⌂∫√   

 

4.3  ─  

1 ≢ ═√ ─ ⅔⌐כ♄כ꜠

↑╢ ─℮∟ ◒ꜝ♇♃─ ⌐≈™≡│

4.2≢ ═≡⅝√╟℮⌐╒╓ ⇔√ ╡─

≢№╢ ≤ ─ ┼─

⌐≈™≡ ≢ ═╢  

│≢כ♄כ꜠ ─ ╩

↑⌐ↄ™ὑ ≤ R─ ὑ -R

⅜ ⌐ ™╠╣╢ Z│ ─ 6

⌐─╢№≢♩ⱷfiכ⸗ ⇔ Atlas and Ulbrich

1977⌐╟╢ ─ ὠ≤

Ὀ─ ὠ σȢχψὈȢ ╩ ∆╢≤ R│ D

─ ⌐♩ⱷfiכ⸗3.67 ∆╢ ─ ⅜

⅝ↄ ⌂╢√╘ ⅜ ╦╢≤ Z-R ⅜

∆╢ 4.10 ⌐ ╩ ⇔√ ─

Z-R ╩ ∆⅜ ≤ ─ ™⌐╟╡

∂ Z≢№∫≡╙ R⅜ ∆╢↓≤⅜ ⅛╢

ὑ │ ⌐ D─ 4-5 ⌐♩ⱷfiכ⸗

∆╢↓≤⅜ ╠╣≡⅔╡ Van Lier-Walqui et al.

2016⌂≥ R⌐ ™ ≤⌂╢↓≤⅛╠ Z-R

╟╡ ─ ─ ╩ ↑⌐ↄↄ ↓╣╕

≢╟╡ ─ ⅜ ≤⌂╢  

╕√ ὑ │ ─ ⌐╙ ╩ ∆

╢ ὑ ╩ ™√ Z─ ─ ╩ 5

⌐ ∆ Bringi and Chandrasekar2001  

ὤὧ ὤ ς‌ ὑ ί Ὠί υ  

ὤὧȡ ─ὤ  

‌ȟὦ: 20 ‌ πȢπχσȟÂ πȢωω  

 

‪ ─ ⅜ ↕™ ™ ≢│ S/N⅜ ™√

╘‪ ⅜ⱡ▬☼─ ╩ ↄ ↑ ∕─ ≢ 

ˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊˊ 
20 CⱣfi♪ 5.5 GHz⌐⅔↑╢ ◦Ⱶꜙ꜠כ◦ꜛfi⅛╠ ╠╣√ ⌂ Bringi and Chandrasekar

2001≢№╡ ╛ ─ ⌐╙ ∆╢  
21 4.1 4 ─≤⅔╡ ∂ὑ ─כ♄כ꜠╙≡∫№≢ ⅜ ™╒≥Ὑ│ ↕ↄ⌂╢ ⅜№╢  

 

4.10  ╩ ⇔√ ─ Z≤ R─

─  

 

№╢ὑ ─ ⅜ ⌐ ∆╢ ↓─√╘

™ ≢│ὑ ⌐╟╢ │ ≢№╡

─ Z-R ╩ ™╢ ⅜№╢ √∞⇔ ↓─

≤⅝⌐ ™╢Z≤⇔≡ ╩ ⇔√╙─╩

™╢↓≤≢ ─ ⌂╢ ⅜

≢№╢  

↓─╟℮⌐ │≢כ♄כ꜠ ὑ -

R ≤ ⇔√ Z-R ╩ ⌐ ╖ ╦

∑╢↓≤≢ ─ ╩ ≢⅝╢

⌂ ╣╩ 4.11⌐ ⇔√ ™ ─

│ὑ -R ⌐╟╡ ╕√ ™ ─ │

─ὤὧ╩ ™√ Z-R ⌐╟╡ ∕╣∙╣

╩ ╘╢ ↓─ ™ ™ │

─ὤὧ≤ὑ ─ ≈─ ⌐╟╡ ╡ ⅎ╠╣

≈─ ╩≤╙⌐ √∆≤⅝ ὑ -R ╩ ∕

╣ ≢│ Z-R ╩ ∆╢ 4.11⌐ ∆≤

⅔╡ ─ ╩ ↑√ὤ⅛╠│

│כ◖◄─ ™≤↓╤≢╙50 mm/h

ὤ⅜ 50 dBZ≤ ↕╣≡™√≤↓╤ Ɽ

ꜝⱷכ♃╩ ∆╢↓≤≢ 80 mm/h╩ ⅎ╢

⅜ ⌐№╢↓≤⅜ ⅛╢  

ὑ -R ≤Z-R ─ │ ≢⅝╢ ╡ὑ -

R ─ ╩ ⇔≈≈ ─ ╩

↑⌐ↄ™╟℮⌐ ⇔√ ⌂ὑ ─

│ ὑ ─ ╛꜠fi☺ⱦfi ‪ ─

─ ⅝↕⌐╙╟╢⅜ 2.4 ─

≤ ╠⇔ ╦∑≡╙ 0.2 deg/kmCⱣfi♪

≢│ 8 mm/h 21 ≤ ⅎ╠╣╢ DRAW 
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4.11 Ɽꜝⱷכ♃╩ ⇔√ ─ ╣  

 

≢│ 20163 ⌐ ⇔√ 2◘▬♩ ה

╩ ≤⇔≡ ⌐ ╩ ™ ὑ ─

╩ 1.5 km ↓─ ≢ ⌐╟╡ ⅝

╩ ╘╢ ≤⇔√ ≢ ὑ -R ╩ ∆╢

╩₈ὑ  > 0.6 deg/km & ὤὧ > 38 dBZ₉≤⇔√

0.6 deg/km─ὑ │ 20 mm/h─ ⌐ ⇔ ╛

╛ ╘─ ≤⇔≡™╢⅜ ⌐⅔™≡

╡╟‏ ∫√ὑ ⅜ ↕╣ ⱡ▬☼

─ ⅜ ⌐ ╣⌂™╟℮ ⇔√

≢№╢ ὑ ─ ⌐ ∟ ╩‏ ⇔√ɮ ╩

╘╢√╘ Hubbert and Bringi1995⌐╟╢ FIR

ⱨ▫ꜟ♃╩ ↑≡™╢⅜ ⌂ │ ⇔™

╟╡ ↕™ ≢╙ὑ -R ╩ ≢⅝╢╟

℮⌐∆╢√╘⌐│ ‏ ─ⱡ▬☼⌐ ⇔≡꜡Ᵽ☻

♩⌂ɮ ╛ὑ ─ ⅜ ≤⌂╢  

─≤⅔╡ὑ -R ≤ Z-R ╩ ╖ ╦∑√

≤™℮ ≢ ╘√ 10

─ ╩ ≤ ⇔√≤↓╤

─ Z-R ─╖╩ ™√

≤™℮ ⌐ ═ ⅜ ⇔√ DRAW⌐

⅔↑╢ ─ ╩ 4.12⌐ ∆

─ ⌐ √╡ 1 ⅜ 30 mm ╩ ⅎ╢

╩ ⌐ ™ ⌐╟╢

⌐╟╢ ─ ╩ ╕√

─ ╩ ∆╢ ≢ ┘

╩ ≤⇔≡ ⇔√ 22 ↓ 

 

  

4.12 DRAW ┘▪ⱷ♄☻⅛╠∕╣∙╣

╘√ 10 ─ DRAW

─ │ 1 ↔≤─ 0.7° ╩

⇔ ─ ╩ ⇔≡▪ⱷ♄☻

⅛╠ 3 ∏╠⇔≡ ⇔√  
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4.1 4.12⌐⅔↑╢ ≤ ─

 

 

 

╣╠─ ⌐ ⇔ ┘ ─

⅛╠∕╣∙╣ 10 ╩ ╘ √∞⇔

≥∟╠─ ╙ ⌐╟╢ │ ╦⌂™

▪ⱷ♄☻ ─ 77 ─ 10 

≤ ⇔√≤↓╤ ⅜ 0.24⅛╠ 0.62

┼ ⌐ ⇔√ ╕√ 10 5 mm╩

ⱪכꜟ◓≡⇔≥ ↑⇔ ∕╣∙╣─ ╩

╘√ 4.1 ∕─ 10 ⅜ 5 

mm╩ ⅎ╢ ≢│ ╩ ™╢↓≤≢

⌐ ⇔ ─ RMSE⅜ 1/2⌐

ⅎ╠╣╢≤≤╙⌐ ╙ 2 ⅛╠ 7 ⌐

⅝ↄ ⇔√ ⌐ RMSE ─

─ │₈ ⇔™ ₉ 1

30 mm-50 mm ─ ≢ ╘╠╣≡

⅔╡ ⌐ ⇔≡╟╡ ⅝ↄ ∆╢ ⅜

╠╣√  

↓─ ╩ ↑ DRAW≢│ 201810 ⅛

╠ ה ה ⌐⅔™≡ fi♅כꜟ╩

⇔ ∕─ ⅜ ╦╣√◘▬♩⌐≈™≡

╙ ⅛╠ ╩ ⇔≡™╢

DRAW≢│ ♃כ♦⌂ ⅜ ╘╠╣╢↓

≤⅛╠ ⌐╟╢ ─ │ ≢№

╡ ⌐ ∆╢ ⅜ ⌐╙

↕╣≡™√⅜ ╒⅛ 2009 ὑ ─ ⌐╟

╡ ⌂ ⅜ ⇔√  

 ╕√ │≡™⅔⌐כ♄כ꜠ ὑ

╩ ⇔√℮ⅎ≢ 20222 ╟╡

♫►◐ꜗ☻♩⌐⅔™≡ὑ -R ─ ╩

⇔√ ⌐ ∆╢ 580

┼─ ⌐≈™≡│ ─ⱪ꜡♄◒♩⅜

№╢↓≤⅛╠ ╩ ⇔≡⅛╠ ╩ ╘

╢↓≤≤⇔≡⅔╡ ∕─ ≤⇔≡ 2022 3

⅛╠ ⌐⅔™≡ ⌐כ♄כ꜠

╡ὑ -R ─ ╩ ⇔≡™╢ ⌐

∆╢ 586 ╕√ 20235 ⌐│

2020-2022 ⌐ ⇔√ 9◘▬♩⌐≈™≡╙

┼─ ╩ ⇔√

⌐⅔™≡│ ─ ─♃כ♦ ⅜

⌐ ╦∏ ⅜ ⇔╛∆™ 10 ─

─╖ὑ -R ╩ ⇔≡™╢⅜ ⅝ ⅝

╛ ╩ ╘ ╩ ╘ ⌂

╢ ╩ ╘╢ ≤⇔≡™╢   
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5.  Ɽꜝⱷכ♃─  ◓fiꜞ♃♬⸗ה

5.1 ─◓fiꜞ♃♬⸗ה   

╡╟⌐כ♄כ꜠ ─ ╩ ⌐ ⅎ

╢√╘⌐│ ─ ∞↑≢⌂ↄ

─ ╩ ∆╢ ⅜№╢

⌐≈™≡│ ─ ─ ≤

⌐╟╢ ⌐╟╡ ⇔≡⅔╡ ◦☻♥ⱶ─

꜡☻╩ ⇔ כ♄כ꜠ ╩ ∂≡

⅛╠╟╡ ⅛╠⇔™ ─

⌐ ╘≡⅝√ ⌐≈™≡│

≤ ─ ⅜ ≢№╡ ↄ│ ─

™ ⌂≥╩ ⇔√ ⅜ ╦╣≡⅝√  

─ ⱪ꜡♄◒♩─ⱷ╢↑⅔⌐כ♄כ꜠

♇◦ꜙ◘▬☼│ 1- km ≢№╡ ⌂

╛ ╩ ↑┌ ⌐╟╢ ⅜⅔⅔╗⌡

≤™℮ ─╙≤≢│ ╛⸗♬♃ꜞfi◓

┼─ │ ⇔ↄ⌂⅛∫√ ↓╣╕≢─

─כ♄כ꜠ ◓fiꜞ♃♬⸗ה │ 5.1⌐

∆≤⅔╡≢ ⌐│ ↔≤─ ╩

∫≡⅝√╙── │ ⅛≈╛╛

⌂⸗♬♃ꜞfi◓ ⌐ ╕∫≡™╢ √∞

↓─ ╛ ≢╙ ╢↓≤│⌂ↄ ╕√

כ◖◄ ╛ ─ ⌐│◘▬♩

⌐⅔↑╢ ─ ─ ⅜ ⌐ ╦╣

⌐╙ ⇔≡⅝√  

⇔⅛⇔ ╡╟│♩◒♄꜡ⱪכ♄כ꜠

⅜ ╘╠╣╢╟℮⌐⌂∫√↓≤≢

⌐ ╘╠╣╢ │ ⇔√ ╕∏

─ כ♄כ꜠╡╟⌐ ≢╙

╩ ⌐ ≢⅝ ⅛≈ ─

└╞℮╛№╠╣─ ≤⇔≡╙ ↕╣╢

↓≤⅛╠ ↓╣╕≢ ⌐ ⌂ ⅜

≤⌂∫√ ⌐ ὤ ╛‪ ≤™∫√ ⌂ ⅜

⌂ Ɽꜝⱷכ♃⅜ ⅎ√ 2.4≢ ⇔

√≤⅔╡ Z│ 1 dBὤ │ 0.2 dB≤ ™ ⅜

╘╠╣≡⅔╡ ╙ ∆╢≤↓─ ≤

│ ≢⌂™ ⌐ TRꜞⱵ♇

♃─ ⌐╟╡ dB─ὤ Ᵽ▬▪☻⅜ ∂√

╙ ↕╣≡™╢ Frech and Hubbert2020  

↕╠⌐ ─♩◒♄꜡ⱪכ♄כ꜠ ⌐

™ ⌐ ∆╢ ╙ ╟╡ ╕∫

≡™╢ ⅎ┌ ─ 0.1°─ │ 150 km

≢ 260 m─ ≤⌂╡ 250 mⱷ♇◦ꜙ─ⱪ

꜡♄◒♩≢│ 1ⱷ♇◦ꜙ∏╣╢↓≤⌐⌂╢ ↓─

√╘ ◘fiⱡ▬☼╛ ꜟⱦה ╩ ⇔√╟╡

⌂ ⅜ ≤⌂╢  

↓─╟℮⌐ ─♩◒♄꜡ⱪכ♄כ꜠─

⌐│ ─כ♄כ꜠ ⌂ ⅜

≢№╡ ™⌂│⌐כ♄כ꜠ ⌐ ™

≢─ ╛ ─ ⌐ ↑√ ⅜

≢ ⌐ ╘╠╣≡™╢ ↓╣╠─ ─

┘ ה ⌂ ─ ╩ ≤⇔

≡ 2017 2019 2021─ 3 ⌐╦√╡

─כ♄כ꜠ ┘⸗♬♃ꜞfi◓⌐ ∆╢

꞉כ◒◦ꜛ♇ⱪ⅜ ↕╣ 1-2 │♪▬♠

3 │ⱨꜝfi☻

╩ ╗ ↄ─ ⅜ ⇔√ ↓─ 1 ꞉

│≢ⱪ♇ꜛ◦◒כ ┘⸗♬♃ꜞfi◓╩ ─

≤⅔╡ ⇔≡⅔╡ ≢╙↓╣⌐ ⇔≡

∆╢  

Calibration↕╣╢♦כ♃ ⅜

╠╣╢╟℮ כ♄כ꜠ ◦☻♥ⱶ─☿♇♩▪♇ⱪ

╛○ⱨ☿♇♩─ ╩ ℮↓≤  

⸗♬♃ꜞfi◓ Monitoring◦☻♥ⱶ─

╛ ⇔™○ⱨ☿♇♩ ─√╘ ⌐

⌐ ◦☻♥ⱶ ╩♅▼♇◒∆╢↓≤  

 

5.1 ↓╣╕≢─ ╢↑⅔⌐כ♄כ꜠ ◓fiꜞ♃♬⸗ה ≤  
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‪╢↑⅔⌐כ♄כ꜠ 5.1 ─ ─ ╣ ─ ╩ ⇔≡  

 

5.2  ὤ ‪ Ᵽ▬▪☻─  

ὤ ┘‪ ─ ╙ ⅛≈ ⌂

│ 90°─ PPI ™╦╝╢ ╩

™╢╙─≢№╢ ╩ ⅛╠ ∆╢√╘

⌐╟╠∏ │ ≤⇔≡ ╡

ὤ │ 0 dB‪ │ 0°⌐⌂╢↓≤⅜ ↕╣╢

⌐│ ⌐ 2─ ─ ⅜

╠╣╢↓≤⅜ ↄ ꜟⱶⱤⱠכ♪꜠─

─ ⌂≥⅜∕─ ≤⇔≡ ↕╣≡™

╢ Figueras i Ventura et al. 2021 ≢ 360°

─ ⌐╟╡↓─ │◐ꜗfi☿ꜟ≢⅝╢

√╘ ─ ⅛╠ ⌐ ─

╩ ⇔ ∕─ ╩Ᵽ▬▪☻≤⇔≡○

ⱨ☿♇♩∆╢↓≤≢ ⅜ ∆╢  

√∞⇔ │≢כ♄כ꜠

─╖≢│ ⅜ ⇔⌂™ 2.3 ▬≢ ═√≤

⅔╡ │≢כ♄כ꜠ ≈─ ⌂

╢Ɽꜟ☻─ ╩ ⌐╟╡ ™ ↑≡™

╢ כ♄כ꜠ DRAW≤╙⌐ Ɽꜟ☻

─ │ ≢╙ 6-7 km≢№╡

⌐╟╡ ─ ╩ ∆╢↓≤│ ⇔™

⅜ ⌐ ╦╣≡™⌂™≤ ─

⌐ ╛ ─ ⅜ ∂ ∫√

⌐ ⅜∫≡⇔╕℮   

∕↓≢ Ɽꜟ☻ ─ │ ≢

╖─ Ɽꜟ☻ ╩ ≤⇔≡ ℮ 5.1

⌐‪ ╩ ≤⇔√ ─ ╣╩ ∆ Ɽꜟ

☻│ ꜠fi☺ⱦfi ⇔≡ ⇔≡™╢ ⅜
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