
0 

 

 

 

 ●   

 
 

 

χộ τ ΰθ 

╣ⱳᾕ ἪД˔Ќχ⌠ ρ ᴣ τḩβϥᾆẕ 

 
 

 

 

 

 

 

 

 

 

 

 

 

2019 9Ὦ 
 

 

 

 ῢ `  

 



1 

 

 



0 

 

 ⱳ 

 

͍   ........................................................................................................................... 1 

1.1 ᾆẕ ὂ .............................................................................................................................. 1 

1.2 Ṍᴁχᾆẕ .......................................................................................................................... 2 

1.3 ᾆẕχ ρ  ............................................................................................................ 3 

͎  ◕ḧ‰ χ ρ ₰  ....................................................................... 6 

2.1 ◕ḧ‰ χ  ....................................................................................................... 8 

2.2 ◕ḧ‰ χ ₰  ...................................................................................... 16 

͏  Ъ˔жІϯІТϮиЕ χ  ............................................................................ 21 

3.1 Ъ˔жІϯІТϮиЕ χ ם  ............................................................................. 22 

3.2 χ ρ Ṫ  ...................................................................................................... 28 

3.3ᾆẕ ρβϥ χ ................................................................................................ 33 

3.4Ϙρϛ ................................................................................................................................ 35 

͐  ộ τ ΰθ╣ⱳᾕ ἪД˔Ќχ⌠ ρ ᴣ χᵫ  ............................... 37 

4.1 ╣ⱳᾕ ἪД˔Ќχ⌠  ........................................................................................ 37 

4.2 ᴣ χᵫ  .............................................................................................................. 47 

4.3Ϙρϛ ................................................................................................................................ 60 

͑  ộ χ χ ӛ ....................................................................................... 62 

5.1 CNNχṁ    ................................................................................................................ 63 

5.2 ╣ⱳᾕ ἪД˔Ќχᴦ♪ᴟ ........................................................................................ 64 

5.3Ṑᵣᶘ Ϭ Μθộ χꜛ  ............................................................................. 66 

5.4Ϙρϛ ................................................................................................................................ 70 

͒  Ӥχᶈ τḩβϥᾁ  ................................................................................... 72 

6.1 ╣ⱳᾕ ἪД˔ЌḧᶖΣϢό Ṑ ϒχ  ........................................................ 72 

6.2 ͏ Dй˔Ѓ˔ІϺаЗϒχ  .................................................................................... 75 

6.3 χộ ϒχ  ................................................................................................... 78 

6.4 Ϙρϛ ................................................................................................................................ 82 

͓  Ὣ  ......................................................................................................................... 83 

7.1 ᾆẕ ᴮχ ᶧ ................................................................................................................. 83 

7.2 ₈ῇχ ρᴿ  ............................................................................................................. 85 

 86 ...................................................................................................................................... ꜝ ךּ



1 

 

 

 



1 

 

͍   

1.1 ᾆẕ ὂ 

 ẏᴟΰθּזᵓⱢ Υ ΰ ▄ Υὣᴟβϥ ὂχ ʼ χṐ Ϭ χ τ

ⱱβϥθϛτʼ Ϭ τ ᴣΰ Ӳ̓ⱱḚ Ϭם☼βϥάρψ Ḛ χיּ σ

πΚϥʽ 

 ᵈΥ⁯χ ◕ḧ‰ πψʼ 38 χ ‰ ʾἢ ˙ ≤ḧχᵫ Τϣ 50

ϬὊθᾝ∕ ט̓ 9,000kmτ ΰ 3̓0 ӟ ϬὊᵃΰθằ ט Υ 4ᶤs 3,700kmˣ

Ϭ ϛὊ ᴟΥ “βϥρρϜτʼᾗΰΜ► ḕẽτήϣήϦοΜϥάρτϢϥ χ

ᴥϞ θσ χ σςΥᾒ∕ᴟΰοΦοΣϤʼ ṍτ ṛ   ʼ ṛ τ︡Ϥ

Ϛ ΥΚϥ 1)ʽ 

 τ ΰʼ̔͂ σӲⱱḚ Ϭם☼βϥθϛτψʼ ṍ σ ᾁπ χὲ Ϭ

Ӄΰθ πʼ ʾṁ Ϭ σⱲṍτ ΰʼ ӟᴞχ χὲ Ϭ νάρΥẐϛ

ϣϦϥʽ ◕ḧ‰ πψʼ τּכ Τϣ Ϭ ♪ ᾁ 2)βϥρρϜτʼ ṍ τ

ἷχ πכּ ˢϩικἕϦ ʼϋόᶤϦ ˢ ˣ̓ IRIˢ⁯∑жТКІ◙

ˣ ʼβϓϤ ╗ἰ ˣϬ 3)βϥάρτϢϤʼ ◕ḧ‰ χὲ χ Ӄρ

ᴷ χ Ϭם☼ΰʼ῟ σӲⱱḚ ὓᵊϬ ӛΰοΜϥʽ 

 ԁ ʼ ψ ᶨϞὊↄᶨ Ϭ₢ḅΤϣ◦ΠϥּזᵓⱢ ρΰο ᴦὧπΚϥʽ 

Ϭ τṐ ήδϥθϛτ σ χԁνρΰοʼ “ӗ ΥΚϥʽd Υ⁯χ ◕

ḧ‰ τΣΜοψ ‰̓ Ὂↄ ρρϜτẍ βϥ ἷᵁ כּ χ ᴥτ Μʼ ⁯

ᶆ χ ῖ πψʼˮ Wϩικ˯ρᾦωϦϥὣΰΜ ϩικἕϦΥ ⁭σ ρσμ

θ 4)ʽάϦτϢϤʼằ ῇ ṍτ Υ ρσμθιΪπσΨʼ‰ “βϥּכ χ

ӗ τӂֲốϬ Πʼ֗ ⱲχІзАФⱧᾮΥ ΰ ν̓Μτψּזᵓ ᴟβϥ

τ♩μθ 5),6)ʽ Ⱳʼ ῝ πψʼ Ḛ ρΰοיּ βϥῖ ⱧᾮϬ τΚϣϠ

ϥ ├Ϭ„αϥϓΦρ―Πʼ֗ Ⱳχῖ Ⱨᾮ ρ τ ϦθЪ˔жІϯІТϮ

иЕ χ Ϭᾁ ΰ 1̓989 τ ˢ ẋ IC˙ IC ḧˣπ♯ᾓ☼ῬϬם☼ΰ

θχϬ Ϥτ 7)ʼ1998 τ ⅜ βϥὨ ϬᴞΰθʽάχάρτϢϤʼ‭֗ⱲχⱧᾮ

Υ τᾚ βϥρρϜτʼ֗ “Ⱳχ♪ Υᵠ βϥσς 8)ʼ “ӗ ʾᵙ Υ

ΦΨΰ ΰθ ΰ̔ΤΰσΥϣ Ъ̓˔жІϯІТϮиЕ χ Υ ϙ Ὂ̓ σ Υ

ᶆ π βϥτ Ϧʼζχ Ἱ ψ ϯІТϮиЕ₤› χ ρψӰσϥάρ

Υ ϣΤτσμοΦθ 9) ἇ̔ τψʼ Ὁχ σ Ἱ πΚϥϩικἕϦρψӰ

σϤ Ъ̓˔жІϯІТϮиЕ χ ›τψ Ъ̓рСрϽϞṤ  χϋόᶤϦ Ъ̓АЕШ˔

иρΜμθ ộ̓ σ Υ︠ πΚϥρΜΞ Ϭ βϥ ά̔χϢΞσˮ χ˯ Υ ˑ

τ ᴥΰοΜΨἱΰϬꜘβάρΤϣs אּ -1.1x̓ϩικἕϦ ϋ̓όᶤϦ ˢ ˣ̓ IRI ʼ

βϓϤ ╗ἰ χϢΞτʼΚϥἹ χ Υԁ χט π ΰο βϥρΜΞ Ὁ

χ Υ︠ ιμθⱲ τ├ ήϦθ ᴣ◙ πψʼ ᴷ χ Ϟ Ϭ“ΞЌϱЬ

рϽχ ᴣΥ₉ πΚϥρΜΞ θσᴿ Υ ΰοΜϥʽ 
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1.2 Ṍᴁχᾆẕ  

 χ ◕ḧ‰ χ Ḛ ψʼ χỸḧ σ πΚϥϩικἕϦ ϋ̓όᶤϦ

ˢ ˣ̓ IRI τ ΰοʼ ⱳᾕχД˔ЌˢϩικἕϦʿᴅ ФкТϮϱиʼϋόᶤϦʿ

χ ᵊ I̓RI ʿ ФкТϮϱиˣϬ Μο ΰοΜϥʽϘθʼЪАЕШ˔и

χộ σ τ ΰοψʼ ṍ σ τϢϥ ♪ ᾁτοʼ Ḛ Ϭ“μοΜϥ ΰ̔

ΤΰσΥϣʼự ʼ Ḛ Ϭ“Ξθϛτ σ Ṫ ʼ ᴣṪ ʼᵔ Ṫ Υẍ σ

Ϭ ΫοΜϥʽ 

 Ἱ χ Ṫ πψ G̓PSʾ IMUʾй˔Ѓ˔ІϺаЗʾϸЮж Ϭּכ τ ∏ΰʼ╣

ⱳᾕ℅ Д˔Ќρᵊ Д˔ЌϬ︡ βϥmobile mapping system s ӟᴞʼˮ MMS ρ˯ΜΞˣ

ϞζϦτ γϥṐṀϬּכ τ ∏ΰ╣ⱳᾕ ἪД˔ЌϬ︡ βϥ Laser Scanning Camera10)

ˢˮ ӟᴞʼˮ LSC˯ρΜΞ)σςΥᵫ ήϦοΜϥʽάϦϣχṪ Ϭ ΜοỸḧ ᴣϬ“Ξ╣

ιΪπσΨ ╣̓ⱳᾕπ Ἱ Ϭ βϥάρτϢϤ Ъ̓АЕШ˔и χộ σ

χ Ϝᴦ τσμθʽᾝⱲ πψʼ ΥᾢϣϦοΜϥθϛ₈ῇχ ẉΥ ϘϦϥʽ 

 Д˔Ќχ ᴣṪ πψʼ ⱳᾕ ἪД˔ЌϬ Μθ ᴣṪ ρΰοʼỆ ϣ 11)Υ

χᴅ ФкТϮϱиτ ΰοʼộ ᴞ ῇχϩικἕϦ χ ״ Τϣộ

ᴞ χϩικἕϦ χ₯ Ϭ▄ βϥάρτϢϤʼộ σ Ϭ ᴣβϥ︣

Ϭ ӛΰοΜϥʽϘθʼ╣ⱳᾕ ἪД˔ЌϬ Μθ ᴣṪ πψʼ ϣ 12)Υ χᴅ

ФкТϮϱиτ ΰοʼ ὓ ︣ πΚϥ Fᾁ ˢChow testx Ϭ ΜϥάρτϢϤʼộ

σ Ϭ ᴣβϥ︣ Ϭ ӛΰοΜϥ ΰ̔ΤΰσΥϣʼ ᴣṪ ψ╣ⱳᾕπχ ᴣϬ“

μοΜσΜθϛʼ χộ Ϭ ρΰθ ᴷ χ ΣϢό ᴣṪ ψᶎ ΰο

ΜσΜ. 

 ╣ⱳᾕ ἪД˔ЌϬ Μθᵔ Ṫ πψ A̓llen Zhangϣ 13)Υ╣ⱳᾕ ᵊ χϋόᶤϦ

τ ΰοʼConvolutional Neural Netwo rk14) (ӟᴞˮCNN˯ρΜΞ)τṁξΜθ σИв˔

жиКАЕм˔ϼϬ Μοᵊ Д˔ЌϬᶘ ήδϥάρτϢϤ ‰̓ ˢ90̋ӟ πxϋό

ᶤϦϬᾁ πΦϥάρϬ ⁮ΰοΜϥ ΰ̔ΤΰσΥϣ ά̓άπ ΜοΜϥᵊ ψ ╣̓ⱳᾕ

אּ -1.1 Ъ˔жІϯІТϮиЕ χЪрСрϽ  
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ᵊ πᾁ ΰθϋόᶤϦ ήϬ ⱳᾕτ Ḋΰθᵊ πᵔ ΰοΣϤʼ╣ⱳᾕχ Ἱ

τ βϥᵔ ψ“μοΜσΜ.Ϙθʼ ╛σИв˔жиКАЕм˔ϼϬ ΜοΣϤʼ‰

τϋόᶤϦϬᾁ βϥθϛτψ Ψχᶘ Д˔ЌϬ ρβϥs άχ πψ 1,800 ˣ̔ 

ộ σ τ βϥᵔ Ṫ πψʼEmir Buza ϣ 15)Υ χ ⱳᾕᵊ Ϭ Μοʼḩ

ӽˢregion of interestˣτ ΰθễ◖σΰᶘ Ϭ“ΜʼЪАЕШ˔иϬᾁ πΦϥάρ

Ϭ ⁮ΰοΜϥ ά̔χṪ πϜᵔ Ṫ τ ⱳᾕᵊ Ϭ ΜοΜϥθϛʼ᷃ ד χ ⅔

ᴟΥᾁ Ὣᴮϒ Πϥֲốψ ΦΨʼ ṍχЪАЕШ˔иχϢΞσộ χ ᴣψ₉

πΚϥρ―ΠϣϦϥʽ 

 

 

1.3 ᾆẕχ ρ  

ӟ χ ὂΤϣʼ ṍ σ ᾁπ Ɫ▀χὲ χ Ӄρ ᴷ Ϭ ΰ῟

σӲⱱḚ ὓᵊϬ ӛβϥάρϬ τʼ χ‰Μ ⱳᾕ ἪД˔ЌτϢϥ

Ṫ ΣϢόộ Ϭ πΦϥ╣ⱳᾕ ἪД˔ЌτϢϥ Ṫ Ϭ Μοʼ χộ

Ϭ ρΰθ ᴷ χ ΣϢό ᴣṪ Ϭᵫ βϥʽϘθʼ 9,000km Κϥ ◕

ḧ‰ τ ΰο ộ̓ ᴷ Ϭ βϥτψʼ σ╣ⱳᾕ ἪД˔Ќχ ὓτ

σⱲḧρ Ϭ βϥρΜΞᴿ Υ βϥ.ζάπʼם χ֫ τ ρσϥ Д

˔ЌϬ Ⱳḧτ ΰʼ χộ ᴷ Ϭᵔ βϥṪ χ ӛϬ“Ξʽ 

ᾆẕχ  Ϭ -1.1τꜘβʽϘθʼ 2 ӟ‭χᶆ χ ρἇ σ ψӟᴞχ

ρΣϤπΚϥʽ 

 ˮ ͎  ◕ḧ‰ χ ρ ₰ π˯ψʼ ◕ḧ‰ χ σ

Ϭ ᶎτβϥρρϜτʼ χӲⱱḚ Ϭ τ“Ξθϛτ σ ₰ τν

Μο βϥʽ 

 ˮ ͏  Ъ˔жІϯІТϮиЕ χ π˯ψʼ πכּ ΰοΜϥ

ˢϩικἕϦ ʼϋόᶤϦ ˢ ˣ̓ IRI ʼβϓϤ ╗ἰ ˣπ ᴣπΦοΜσ

ΜЪ˔жІϯІТϮиЕ χ ᴣṪ Ϭᾁ βϥθϛʼЪ˔жІϯІТϮиЕ

χ ם ϬϯрϾ˔ЕτϢϤᶎ βϥρρϜτʼ Ἱ Ϭ ΰʼ ᴣβϥθϛτ

σД˔ЌϬ ᶎτβϥʽ 

 ˮ ͐  ộ τ ΰθ╣ⱳᾕ ἪД˔Ќχ⌠ ρ ᴣ χᵫ π˯ψʼ

χ‰Μ ⱳᾕ ἪД˔ЌτϢϥ Ṫ πЪ˔жІϯІТϮиЕ χộ σ χ

ᴣϬᴦ τβϥθϛʼ ⱳᾕ ἪД˔Ќs ᴅ ФкТϮϱи Ϭxᶨ ΰο╣ⱳᾕ ἪД˔Ќ

ᴟβϥ︣ ρʼЪ˔жІϯІТϮиЕ χ σ Ἱ Ϭ╣ⱳᾕ ἪД˔ЌχἹ

Τϣ ᴣβϥ︣ Ϭᵫ βϥ ἇ̔ τψʼ ϛτ ⱳᾕ ἪД˔Ќτ ΰοʼ ᴅ ῠ

Ϭ Ạΰʼ χ χϙϬ ᴣπΦϥ ╣ⱳᾕ ἪД˔ЌϬ⌠ βϥ ⱳ̔τ ộ̓

χ Φήτ›ϩδθ Ӥπ╣ⱳᾕ ἪД˔ЌϬ ὓs ӟᴞˮ ḛӬộ ᴣ ρ˯ΜΞˣ

ΰʼộ Ϭ χ‰ήχ ᴟπ ᴣβϥʽ 

 ˮ ͑  ộ χ χᵫ π˯ψ ם̓ χ֫ τ ρσϥ ФкТϮϱ
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иχ ︡ Д˔ЌϬʼ Ⱳḧτ ΰʼ χộ ᴷ Ϭ πΦϥ︣ Ϭ ӛβϥʽ

ἇ τψʼ ἪД˔Ќχ‰ήτ βϥ ᴟ Ϭ ᵬχ ˢRGB πxᴦ♪ᴟΰʼ

Дϰ˔Фж˔ИрϽτϢϤ Ϭꜛ ΰθʽ 

 ˮ ͒  Ӥχᶈ τḩβϥᾁ π˯ψʼ 3 χ ἪД˔ЌϬ Μθ ᴣ

χ Ϭᶎ βϥθϛ Ъ̓˔жІϯІТϮиЕ χộ τ ΰο ╣̓ⱳᾕ ἪД˔

ЌϬ Μθ Ṫ τ βϥ Ϭᾁ ΰθ Ϙ̔θ Ъ̓АЕШ˔иτ ΰοʼ ἪД

˔ЌτϢϥộ χ ᴣ Ϭᵫ ΰθʽ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-1.1 ᾆẕχ   

  

͍   

͏  Ъ˔жІϯІТϮиЕ χ  

͐  ộ τ ΰθ╣ⱳᾕ ἪД˔Ќχ⌠ ρ ᴣ χᵫ  

͑  ộ χ χᵫ  

͓  Ὣ  

͎  ◕ḧ‰ χ ρ ₰  

͒  Ӥχᶈ τḩβϥᾁ  
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͎  ◕ḧ‰ χ ρ ₰  

 ψ ᶨϞὊↄᶨ Ϭ₢ḅΤϣ◦ΠϥּזᵓⱢ ρΰο ᴦὧσϜχπΚϤʼ Ϟ

Ϭּכ πӗ Τνᵙ τ “ήδϥρρϜτʼ ◕χὂḢἹ Ϟ ←Ἃḧσςʼ ˑσṐ

Ϭ βϥ ζ̔χθϛʼ χṐ Ϭ χ τ ⱱβϥθϛτʼ Ϭ τ ᴣ

ΰ Ӳ̓ⱱḚ Ϭם☼βϥάρψ Ḛ χיּ σ πΚϥʽ Ϭ τӲⱱḚ

βϥθϛʼ ◕ḧ‰ πψṪ ṁ Υ ήϦοΣϤʼ -2.1χ Ϧ τṁξΦ ᾁʾ

₰Ϭם☼ΰοΜϥʽ ᾁʾ ₰ψʼ βϥρ ♪Ḣ╔ρ ⇔ ₰χ 2νΥΚϥʽ 

♪Ḣ╔ψ ӗ̓ σ ῖ Ϭᶎ ΰʼ יּ╣ τ βϥ ᵲχ Ϭ τ ♁βϥρ

ρϜτ  ̓ Ϭ ṍ τӲⱱḚ βϥθϛτם☼ΰοΜϥʽ ♪Ḣ╔ψʼ ᾁὓᵊτṁξ

Φʼ ᵕʼ ◕ḧ‰ Ϭּכ ♪το ᾁϬ“Ξʽּכ ♪τϢϤʼộ ιΥẍὣ

τ “βϥЪАЕШ˔иϞӗ σ “ḕẽϬ σΞỂϦχΚϥ ₯χϢΞσ Ϭ ṍτ

ᾋΰʼừẍ Ϭם☼βϥάρΥπΦϥʽϘθʼ Ϭ ṍτ ᾋΰʼ βϥάρτϢ

Ϥʼ χ “Ϭ βϥάρΥπΦϥʽ 

 
-2.1 ᾁʾ ₰Τϣ Ϙπχ Ϧ 1x  
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 ⇔ ₰ψʼ Ἱ ΤϣᾖԍϬ ΰʼζϦτ ΰθ ₰ Ϭ βϥ ΥΚϥ

ˢ -2.1xʽ ₰χ ψʼ   χế ᴞτ ΰ χ◦ⱱ ϬẐϛϥ ₰ʼ

-2.1 ϯІТϮиЕ χ χ︠σ ₰ 1x  
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ˢ Υ βϓΦṐ ˣχṐ ᴞϬ Ӄβϥθϛχ ₰ʼ∙ ʾ₤› χ ϬẐϛ

ϥ ₰ΥΚϥʽ ⇔ ₰ˢ͍ⱳˣψʼẍὣτ “ΰσΜΥʼԁ χỸḧτϩθϤ ΰʼ

ӤΥ ṛ τσϥϩικʼϋόᶤϦʼ θϭ τ ΰοם☼βϥʽ ₰ψʼᵵφ͎˙͑

τ͍ᵕ χ πʼ βϥ☼םτϢϤכּ Ϙ̔θʼ ♪Ḣ╔Ϟ ⇔ ₰s ͍ⱳˣ

χὫᴮϬ ϘΠʼ τᴂαο   χ τ βϥ ₰Ϟ₤› χ ϬẐϛϥ ₰

Ϭם☼βϥ ά̔Ϧϣχ ₰ὫᴮϬᶨ ΰʼ ʾ ṍΣϢό ṍχ ὓᵊχ ӛϞ ├Ῥ

χ Ϭם☼βϥάρΥπΦϥʽ 

 πψʼ ◕ḧ‰ χ σ Ϭ ᵒβϥρρϜτʼ ⇔ ₰ˢ͍ⱳˣπם☼

ήϦοΜϥ ₰ τνΜοṜ∏βϥʽ 

 

 

2.1 ◕ḧ‰ χ  

 -2.22x ψʼϯІТϮиЕ τΣΪϥ χ Ϭꜘβʽ χˮ ˯ψ

ϯІТϮиЕ₤› ʼˮ ‰Ṑ ˯ΣϢόˮ‰Ṑ ἷ˯ψЪ˔жІϯІТϮиЕ χάρ

Ϭ ΰοΜϥʽ τṜ∏ήϦοΜϥϢΞτʼ ϯІТϮиЕ₤› ρЪ˔жІϯІТϮ

иЕ πʼ βϥ χ ΥӰσϥάρΥ Τϥʽ 

 Ϙθʼ χ ρΰοʼṐ σ ρ  σ χ 2νΥΚϥʽ 

Ṑ σ ρψʼϩικἕϦϞ σϋόᶤϦσςχϢΞσ   χế ᴞτ

ṞԍΰσΜ ˢϩικἕϦʼϋόᶤϦʼβϓϤ Όχ ᴞ ˣπΚϤʼάϦϣχ χᶈ

ψּכ χ “ ʼӗ ʼᵙ χ ᴞϬϘφΨϜχπΚϥʻ ψʼ χϙτρςϘ

ϥ ›Υ ΜΥʼ σ Ϭ ṍτ“ϩγ βϥρʼ ӽʾῖ ὯσςτϢϤʼṁ

σΜΰζϦӟᴞχ τ Υ “βϥʻ 

  σ ρψʼ ʼ χế ᴞχϢΞσ χ  σế ᴞτṞԍβϥ

πʼ ʼ τϘπ χᾁ Ϭ βϥʽ ᾖԍψʼἣϤ ΰᴻ τϢϥế ᴞʼ

ῡΣϢό∙ ế χ ʼ τϢϥ Ϙθψ ế χ ᴞσςΥΚΫϣϦϥ Ϙ̒

θʼṐ τṜ∏ΰθʼϩικἕϦʼϋόᶤϦϜζχϘϘ ΰοΣΨρʼ ʼ

ϒχ֗ χ τϢϤʼ ṍ τψ  χᾖԍρσϥ ζ̒χθϛʼ χ ιΪ

πψσΨʼ︠σ ᾖԍϬ ϘΠθ π Ϭ ΰʼ σ Ῥ Ϭ βϥ Υ 

Κϥʽ 

 πψʼϯІТϮиЕ χἇ σ χ Ϭ ᵒ 3ˣβϥʽ 
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-2.2 ϯІТϮиЕ τΣΪϥ χ 2x
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(1)  ϩικἕϦ 

ϩικἕϦρψ ῖ̓ ᴻ χ τϢϤ ᴅ ΰτ αθ χ׳ ϬΜΞ ϩ̒ικ

ἕϦψζχ ᾖԍΤϣʼ τϢϥϜχʼ τϢϥϜχΣϢόζχ χ ԍτϢϥϜ

χτ πΦϥ ζ̒χΞκʼ ΣϢό χζϦηϦχᾝ Υ ׇΰοΜϥϜχτ ΰʼ

ϩικἕϦΣϢό ϩικἕϦρᾦωϦοΜϥʻ 

1) ϩικἕϦ 

 ᴨṍχ ᴛχ‰ΜⱲṍτʼ ἷּכχּכ χ ᵃ χ‰Μӡ πʼ ʼṁ χϯ

ІТϮиЕ₤› χ ἹτϢμο βϥʽζχθϛʼᵰ כּ ᵃӡ ˢOuter 

Wheel PathʼӟᴞˮOWP˯ρΜΞˣΣϢό כּ ᵃӡ ˢInner Wheel Pathʼӟᴞ

ˮIWP ρ˯ΜΞˣ Υ׳ϙ ᵰ̓ כּ ӡ ρ כּ ӡ χ ḧs Between Wheel Path̓

ӟᴞˮBWP˯ρΜΞˣΣϢό ΥϜϤΚΥϥʽϩικ ψ ἷּכχּכ ḧᶖρԁ

ΰοΣϤʼ כּ 2̓ χכּ “Ϟ ἷּכχּכ  ⱲτЖжϱН˔τ ӗḇϬ Πϥʻ

Ϙθʼ‭֗τϢϤ ΰϞβΨσϤʼˮ ˯χ ›ψ ψφ χᾖԍτσϥʻ 

2) ộ ϩικἕϦ 

Ъ˔жІϯІТϮиЕ τộ σ ϩικἕϦΥ βϥϜχπ й̓˔рЫ˔

ϼχṄϤΥ ΰοΜϥ ›ψζχ πΚϥ ›Υ Μʻ Υ “βϥρʼṤ 

χϋόᶤϦϞЪрСрϽʼЪАЕШ˔иΥ βϥʽ 

 
-2.2 ϩικἕϦˢ ϯІТϮиЕ ˣ 

 

-2.3 Ъ˔жІϯІТϮиЕ χộ ϩικἕϦˢּא ₮ˣρ 

ộ ϩικἕϦᴷ χ ῡχӸΜˢּא ֒ˣ 
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3) ϩικἕϦ 

 ЌϱбЎϴ˔р τϢμο χ ΥβϤᾚϤ כּ̓ Υ׳ϭιἹπ ϩικ

Υ βϥʻ 

(2)  ϋόᶤϦ 

ϋόᶤϦψ ₤̓› χ ᴟτṞԍβϥϜχρ  τṞԍβϥϜχτ ήϦϥΥ Μ̓γϦ

Ϝ χ Ẇ τֲốϬẉϖβʻ βϥρʼϋόᶤϦΥᶈ ʾ “ΰʼ֗ χ σςτ

ϢϤ ήϦʼ  σ τ♩ϥỂϦΥΚϥχπ Ӫβϥʻ 

1) Ṥ  ϋόᶤϦ 

 ʾ χế ᴞτϢϥϋόᶤϦ 

 ︠τ “ṟ τ βϥʻϯІТϮиЕ₤› τ ϋόᶤϦΥ βϥρʼϋ

όᶤϦΤϣ֗ Υ ΰ ʾ χế ᴞτϢϤṤ  χϋόᶤϦϒρ “βϥ  ̒

 ϯІТϮиЕ₤› χ ᴟʾ ᴟτϢϥϋόᶤϦ 

 “ṟ Τϣ ΰʼ ϒ ӤΥᶈ ʼṤ  τ “βϥʻϯІТϮиЕ

₤› χ Ϟ☼Ῥ ệʼϘθ  σ τϢϤ βϥʻ 

 

 
-2.5ϯІТϮиЕ₤› χ ᴟτϢϥϋόᶤϦˢ ϯІТϮиЕ ˣ 

 
-2.4 ϩικἕϦˢ ϯІТϮиЕ ˣ 
























































































































































