
 

  

series 
No. 117 

Technical Report on 3D City Model Development Method for LOD3 Building Models Using 
Oblique Cameras 
 

ᴰᴸׁ֤ׄת ֣JMBE ᴖᴺ ֧ 

ᴻᴬᵋᴗ 

P
L
A
T
E
A
U
 
T
e
c
h
n
i
c
a
l
 
R
e
p
o
r
t

 
B

ᴱ
ᴖ
ᴺ

֧
֘
ֺ
֧

 



ⱳ 

1. ₰χᵵ  ........................................................................................................................................................ - 1 - 

1-1. ᾝ ρᴿ  ................................................................................................................................................. - 1 - 

1-2. R ᵔὨχϯФк˔Ў .............................................................................................................................. - 4 - 

2. Ἃ אּ χ╖ֲ ὯτϜρξΨὺ ЯДиLOD2ГϼІЎа χל ₰ .............................................. - 6 - 

2-1. ₰  .................................................................................................................................................... - 6 - 

2-2. ₰  .................................................................................................................................................... - 6 - 

2-3. ₰  .................................................................................................................................................... - 6 - 

2-4. ₰Ὣᴮ .................................................................................................................................................... - 7 - 

2-4-1. ГϼІЎаχר ᵔ τֲốβϥϸЮжОжЮ˔Ќχ  .............................................. - 7 - 

2-4-2. ᶆ╖ֲ τΣΜο σר ᵔ Ϭ ϥχτ ΰθϸЮжχ Ӄ ................................... - 9 - 

2-4-3. ϸЮжρ ΰϸЮжτϢϥ ГϼІЎаᵊ χ ל ᶓ ............................................ - 13 - 

3. ΰϸЮжϬ ΜθLOD3 ︣ χ ₰ ............................................................................................. - 19 - 

3-1. ₰  .................................................................................................................................................. - 19 - 

3-2. ₰  .................................................................................................................................................. - 19 - 

3-3. ₰  .................................................................................................................................................. - 19 - 

3-4. ₰Ὣᴮ .................................................................................................................................................. - 21 - 

3-4-1. LOD3ЯДиχ♯⌠ ......................................................................................................................... - 21 - 

3-4-2. LOD3ЯДзрϽ ᴮχӡ ᶎ χᾁ  ................................................................................... - 28 - 

3-4-3. LOD3ЯДзрϽτϢϥἹ ™ᾝ χᾁ  ................................................................................... - 35 - 

3-4-4. ΰϸЮжϬ ΜθLOD3 ︣ χ ᴣ .............................................................................. - 50 - 

4. ΰϸЮжᵊ τϢμο ΰθ3D ◕ЯДиϬ῝Ặ ᴮρβϥθϛχ Ὧ  .................. - 52 - 

4-1. ₰  .................................................................................................................................................. - 52 - 

4-2. ₰Ὣᴮ .................................................................................................................................................. - 52 - 

5. B ρᴿ  ...................................................................................................................................................... - 54 - 

5-1. ₰ʾᾁ π ϣϦθ ᴮ ................................................................................................................ - 54 - 

5-2. ₈ῇχᴿ ρ  ................................................................................................................................... - 55 - 

 

  



dt24-03_ ΰϸЮжτϢϥ῟ σLOD3ЯДи ︣ χ ₰_Ṫ ᾁ йЪ˔Е 

  - 1 - 

1. ₰χᵵ  

1-1. ᾝ ρᴿ  

 

3D ◕ЯДи πψʺ ◕ ӽϬ τ βϥάρΥᴦ πΚϥἋ אּ ╖ֲ ᴮϬ ΜϥάρΥԁ

πΚϥʻ⁯ ῖ ◕ộπψʺΩ τ ῝Ặ Υ βϥ3D ◕ЯДиρΰοṁ ЈАЕ1Ϭ

ΰοΜϥΥʺάϦτḯϘϦϥὺ ЯДиLOD2 ψᴒ₢Ἱ Ϭ™ᾝΰθГϼІЎа ΦχЯДиρσμ

οΣϤʺзϯзГϰϬⱱθδϥθϛἋ אּ ᴮϬϜρτ⌠ ήϦϥάρΥϕρϭςπΚϥʻϘθʺ3D 

◕ЯДиχг˔ІϾ˔Іᵫ χ ᴟΥ ϙʺὺ ЯДиLOD2 ϢϤϜήϣτ ⇔ χ‰Μὺ ЯД

иLOD3 χ ṐᵓϜ ΠοΦοΜϥʻ 

2023 τ ₰ΰθˮ ΰϸЮжϬ ΜθἋ אּ τϢϥ3D ◕ЯДи ︣ τḩβϥ ₰˯π

ψʺ3D ◕ЯДиχ ГϼІЎаχ ρΜΠϥ σᵔ Ϭ ϣΤτΰʺ╖ֲ Ὧρר ΰχᵔ

χḩἰϬ ΰο︠θϥ‚ἋϸЮжέρχ ╖ֲ ὯϬ ⁮ΰθʻϘθʺ ϸЮжρ ΰϸЮжτ

ϢϥГϼІЎа ẉόЀІЕϬל ᶓΰʺ ΰϸЮжχ ӡ Ϭ ⁮ΰθʻ 

ΰϸЮж╖ֲ ᴮχӡ ᶎ ρἹ ™ᾝ Ϝᾁ ΰʺὺ ЯДиLOD3χ⌠ Υᴦ πΚϥάρϬ

ᶎ ΰθʻήϣτ ╖ֲρּכ∏й˔Ѓּא ˢs ӟ‭ʿMMSx τϢϥ ︣ ρ ΰϸЮжτϢϥ

︣ χ Ϭ ΰʺζϦηϦχ︣ χ ӡ τνΜοⱧ Ϭ ϘΠο ⁮ΰθʻ 

ԁ π2023 ψʺ︠θϥϸЮжέρχ ╖ֲ ὯϬ ⁮ΰθΥʺᾁ Ⱨ Υ σΨ ẉχθϛχ

σⱧ χ Υᴿ πΚμθʻϘθʺ ᶣᾉ ׇ◕Ϭ τ ϸЮжρ ΰϸЮжτϢϥГϼІЎа

χל ᶓϬ“Μ ΰϸЮжχГϼІЎа χל ӡ Ϭᶎ ΰθΥʺӰσϥ ӽ Ϭ βϥ ◕χ ᴂ

τνΜοϜᶎ βϥ ΥΚϥʻ 

ΰϸЮжτϢϥ3D ◕ЯДи⌠ τΣΜοϜὺ ЯДиLOD3ӟᵰχ χ⌠ τνΜο ₰πΦ

οΜσΜʻϘθʺ ΰϸЮжτϢϥἋ אּ ╖ֲψ῝Ặ ρΰο ϛϣϦοΜσΜθϛʺ ΰ╖ֲ

ᴮϬᾖ ρΰο⌠ ήϦθ3D ◕ЯДиϜ῝Ặ ᴮρΰοΜΨάρΥẐϛϣϦϥʻ 

 

1) 3D ◕ЯДи⌠ τ ΰθϸЮжχ  

3D ◕ЯДиχГϼІЎа ֲ╖ψϸЮжϞζχל τӢ βϥʻϸЮжϞ╖ֲ χ Ϭ Ӄβϥά

ρπ ρβϥ3D ◕ЯДиχ Ὧτᴂαθ ṛ╖ֲϞṌ χ╖ֲ ᴮχ Υᴦ ρσϥʻ2023 χ

⁮πψʺГϼІЎа Ϭל θβΩ ᾢχἋ אּ χ Ϭ︠θϥϸЮжέρτ ⁮ΰθΥʺ γΰϜ

τ► ήϦϥ πψσΨםᾝ τᴿ ΥΚμθʻs  1-1x ϘθʺГϼІЎа χᶎל τψ

ẩ Υ ΜϸЮжΥ ῟πΚϥάρϬ ⁮ΰθΥ Ϥԁ χϸЮжπ ᵰΥΚμθʻs  1-2x ϸЮжχ

ОжЮ˔ЌϬήϣτ βϥάρπ3D ◕ЯДи⌠ τ ΰθϸЮжχ τ νάρΥṍ ήϦϥʻ 

╖ֲ ᴮπ ϣϦϥГϼІЎаϢϤ‰ σГϼІЎаΥẐϛϣϦϥל ›ψʺ ΰϸЮжΥ ῟πΚ

ϥʻ2023 ψ ᶣᾉ ׇ◕Ϭᾁ ЂϱЕρΰο ΰϸЮжρ ϸЮжχГϼІЎа ᶓϬם☼ΰθ

Υʺ ΰθ‰ ὺ ΥήϕςσΨԁ τּא π ᵲρσϥϷϼи˔ЅдрΥ σΨῨ ὯᴞπΚ

μθʻζχθϛӰσϥ ӽ πϜ Ϭᶎל πΦϥΤᶎ ΥẐϛϣϦϥʻs  1-3  1-4x  

 



dt24-03_ ΰϸЮжτϢϥ῟ σLOD3ЯДи ︣ χ ₰_Ṫ ᾁ йЪ˔Е 

  - 2 - 

 

 1-1 ГϼІЎа Ϭל θβΩ ᾢχ╖ֲ χⱧ  

 

 

 1-2 ᵔ 12cm τΣΪϥOL/SL = 60%/60%πχר ᵔ χΩ‰ ρΩ  

 

 

OL ΰψʺ⌠Ộṛ χ Ϭ╥―τ60%s
›τϢμοψ80%xπ βϥάρΥ Μ  

ẩ Υ ΜΥʺר ᵔ Υ‰Μ 

 

ˢ̞2023 ₰ὫᴮϢϤˣ 
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 1-3 ᶣᾉ ׇ◕χ ϸЮжρ ΰϸЮжχГϼІЎа ᶓⱧ  

 

 

 1-4 Ӱσϥ ӽ ˢ ᾉᴅ ◕ ‰ РиἪˣχ ΰϸЮжχ╖ֲᵊ  

 

ᵬχὺ Υ Ψ ‰̋ ᵬτϢ

ϥϷϼи˔ЅдрχֲốΥ σΜ 

‰ РиἪχϷϼи˔Ѕдр

χֲốΥὼ ήϦϥ 
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2) ῝Ặ Ϭ ρΰθ ΰϸЮж╖ֲ ᴮτϢϥ σ‰ ⇔ ЯДиχ⌠  

ΰϸЮж╖ֲ ᴮψʺ ◕Ϭ τ╖ֲβϥάρΥᴦ πΚϤ῟ τ χἹ ϬḢ βϥά

ρΥπΦϥʻϘθʺMMS χự ρψӰσϤ ϒχ ϤΥ πΚϥάρΥ πΚϥʻ 

2023 χ ⁮πψ ΰϸЮж╖ֲ ᴮϬ Μοὺ ЯДиLOD3Υ⌠ ᴦ πΚϥάρϬᶎ ΰθ

Υʺζχ ᴥᴣ Ϭ τΰ βϥθϛτὺ ӟᵰχ χ ︣ χ ₰ΥẐϛϣϦϥʻs  1-5x  

ΰϸЮжτϢϥἋ אּ ╖ֲψʺ 34 π ϛϥ⌠Ộṛ χ πṛ ήϦοΜσΜθϛʺ

ΰϸЮж╖ֲ ᴮϬϜρτ⌠ ΰθ3D ◕ЯДиϜ῝Ặ ᴮρψσϣσΜʻ῝Ặ ᴮρβϥθϛ

χ Ὧχᶎ ΥẐϛϣϦϥʻ 

 

 

 1-5 ΰϸЮж╖ֲ ᴮτϢϥὺ LOD3⌠ Ⱨ  

 

1-2. ᴿ ᵔὨχϯФк˔Ў 

 

2023 χ ⁮Ϭ ΪʺἋ אּ ϢϤ⌠ βϥ3D ◕ЯДиϬ π ᴥᴣ Υ‰ΜϜχρβϥθ

ϛτψʺ ệτᴂαοΩ σϸЮжẉό╖ֲ︣ χ ΥπΦϥϢΞτσϥάρʺσϣότ῝Ặ ᴮρ

ΰο σ‰ ⇔ ЯДиχ⌠ Υᴦ ρσϥάρΥẐϛϣϦϥʻάϦϣχᴿ ᵔὨτΰΪοⱳχ ₰

Ϭם☼βϥʻ 

 

1) 3D ◕ЯДи⌠ τ ΰθϸЮжχ   

 ̧ ר ᵔ τֲốβϥ ϸЮжχ ОжЮ˔ЌϬ ϣΤτβϥ 

 ̧ ГϼІЎа Ϭᶎל βϥάρΥπΦϥ σ╖ֲ ϬϸЮжέρτ βϥ 

 ̧ ΰθ‰ РиἪχḕẽᴞπ ΰϸЮжτϢϥГϼІЎа Ϭᶎל βϥ 

  

ʾὺ ЯДиLOD3ψ⌠ ᴦ πΚϥ 

ʾὺ ЯДиӟᵰχ Ϝ⌠ ΥẐϛϣϦϥ 
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2) ῝Ặ Ϭ ρΰθ ΰϸЮж╖ֲ ᴮτϢϥ σ‰ ⇔ ЯДиχ⌠  

 ̧ ὺ ЯДиχ ʺῖ ˢ ˣ̋ ◕ ЯДиσςχ‰ ⇔ ЯДиχ⌠ ᴦ Ϭᾁ βϥʻϘ

θʺ⌠ τ βϥЀІЕϬᶎ βϥ 

 ̧ ῝Ặ ›χθϛχ ὯϬ ΰ σЖϺвЮрЕχ ẉόᾁ Ϭ“Ξ 

 

σΣʺ ₰π► βϥ ΰϸЮжψʺ2023 χ ₰ρ αLeica Geosystems ּזχCityMapper-2ρ

ΰθʻ 

 

 1-1 ₰π► βϥ ΰϸЮж 

Ṑ∙ˢЈрЂ ˣ жϱϸЅϷЄІГЭЇּז 

CityMapper-2 

ˢMFC150ˣ 

 

ϛϸЮжχᶑהּ  45  

ẩ  ᴞ♪ 146mm 

 ϛ♪ 189mmהּ

◓  ᴞ♪ 3.7ѧm 

 ϛ♪ 3.7ѧmהּ

ᵊ  14,192˷10,640pix 
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2. Ἃ אּ χ╖ֲ ὯτṁξΨὺ ЯДи LOD2ГϼІЎа ל

χ ₰ 

2-1. ₰  

 

 ̧ ὺ LOD2ЯДиχ ГϼІЎа τֲốϬל Πϥ ԍϬ ϣΤτβϥ 

 ̧ ГϼІЎаϬ βϥ π σ╖ֲ ρϸЮжχ ›δϬ ꜘβϥ 

 ̧ ГϼІЎаχ τΣΪϥ ΰϸЮжχ Ϭᾁ βϥ 

 

2-2. ₰  

 

 2-1 ὺ LOD2ЯДиτ ΰθГϼІЎаᵊ χ︡ Ὧτḩβϥ ₰  

ᴿ  ₰  

ὺ LOD2ЯДиτΣΪϥ

ГϼІЎаᵊ χ χᵠל  

 ГϼІЎаχר ᵔ τֲốβϥϸЮжОжЮ˔Ќχ  

 σר ᵔ Ϭ ϥχτ ΰθ╖ֲ Ὧχ Ӄ 

 ϸЮжρ ΰϸЮжτϢϥ ГϼІЎаᵊ χ ל ᶓ 

 

2-3. ₰  

 

1) ГϼІЎаχר ᵔ τֲốβϥϸЮжОжЮ˔Ќχ  

ὺ ЯДиχ ГϼІЎаχ רʺψל ΰχ͍ᵊ χ ήπΚϥר ᵔ π ᴣπΦϥʻ2023

χ ⁮πψʺГϼІЎаᵊ χר ᵔ ψ βϥּא χ ρϸЮжχ ẩ τӢ βϥρὫ

ξΪθΥʺԁ χϸЮжπ ᵰΥᶎ ήϦθʻζάπʺ ₰πψר ᵔ ρᶆ╖ֲ ὯχḩἰϬ

ΰʺר ᵔ τֲốβϥ ԍϬ βϥʻ 

 

2) ᶆ╖ֲ τΣΜο σר ᵔ Ϭ ϥθϛτ ΰθϸЮжχ Ӄ 

ГϼІЎаᵊ Ϭ βϥ π σר ᵔ Ϭˮὺ χᵬ χ ˯ΣϢόˮὺ χᵬ χ 

χ ˯χ͎νχḢ Τϣ ꜘβϥʻζχ πʺ32 χϸЮжϬ τ σ πΚϥOL/SL 

= 60%/60%ʾ80%/60%ʾ80%/80% χ͏ОЌ˔рτνΜοʺζϦηϦ ϣϦϥר ᵔ χ χ ӤϬ▄

βϥʻζΰοʺᶆ τ ΰο σר ᵔ Ϭ ϣϦϥϸЮжϬ ΰʺὺ ЯДиχГϼІЎа

ᵊ Ϭ βϥχτ ΰθ ρϸЮжχ ›δϬ Ӄβϥʻ 

 

3) ϸЮжρ ΰϸЮжτϢϥ ГϼІЎаᵊ χ ל ᶓ 

ΰϸЮжχ╖ֲψʺּהϛ♪ϸЮжτϢϤ Ϭ τựΜᶑ Τϣ╖ֲβϥάρΥπΦϥθϛʺר ᵔ

ψΰ Υṍ πΦϥʻ ₰πψʺ ϸЮжρ ΰϸЮжτϢϤ╖ֲήϦθ ГϼІЎаᵊ Ϭ
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ᶓΰʺζχ Ϭל τ ᴣβϥʻϘθʺ ΰϸЮжϬ Μθ ›χר ᵔ χρϤ ϥ χ Ӥ

Ϭʺ ϸЮжϬ Μθ ›ρ ᶓΰʺὺ ЯДиχГϼІЎа τΣΪϥ ΰϸЮжχ Ϭᾁ

βϥʻ 

 

2-4. ₰Ὣᴮ 

2-4-1. ГϼІЎаχר ᵔ τֲốβϥϸЮжОжЮ˔Ќχ  

 

 2-2τꜘβ︠θϥ ϸЮжρ ẩ χ ›δ32 Ϭ τʺ ᵊ 12 cmʺOL/SL = 

60%/60% χ ὯπρϤ ϥר ᵔ χ ӤϬ  2-1τꜘβʻ 

 

 2-2 ρΰθϸЮжρϸЮжОжЮ˔Ќχԁ  

ϸЮж  
ẩ  

[mm] 

СϼЈиЂϱЇ 

[m] 

ᵊ ЂϱЇ 

[pix] 

ЈрЂЂϱЇ 

[mm] 

OL ΰ SL ΰ OL ΰ SL ΰ 

MFC150 71.0, 112.0, 146.0 03.76 10640 14192 40.01 053.36 

RCD30 53.0, 83.0 06.00 07752 10320 46.51 061.92 

UltraCamOsprey4.1 ˢUCO 4.1 x 80.0 03.76 14016 20544 52.70 077.25 

DMC 120.0 12.00 07680 13824 92.16 165.89 

DMC 140 92.0 07.20 11200 12096 80.64 087.09 

DMC 230 92.0 05.60 14144 15552 79.21 087.09 

DMC 250 112.0 05.60 14016 16768 78.49 093.90 

DMC  92.0 03.90 14592 25728 56.91 100.34 

UltraCam X ˢUCXx  100.5 07.20 09420 14430 67.82 103.90 

UltraCam Xp ˢUCXpx 70.5, 100.5 06.00 11310 17310 67.86 103.86 

UltraCam Xp Wide Angle ˢUCXpWAx 70.5 06.00 11310 17310 67.86 103.86 

UltraCam Falcon ˢUCFx 100.5 06.00 11310 17310 67.86 103.86 

UltraCam Falcon M2 ˢUCF M2 x 70.5, 100.5 06.00 11310 17310 67.86 103.86 

UltraCam Falcon Prime 

ˢUCFPx 

70.5, 100.5 06.00 11310 17310 67.86 103.86 

UltraCam Eagle M1 ˢUCE M1 x 80.0, 100.5, 210.0 05.20 13080 20010 68.02 104.05 

UltraCam Eagle M2 ˢUCE M2 x 80.0, 100.5, 210.0 04.60 14790 23010 68.03 105.85 

UltraCam Eagle M3 ˢUCE M3 x 80.0, 100.5, 210.0 04.00 17004 26460 68.02 105.84 

UltraCam Eagle 4.1 ˢUCE 4.1 x 90.0, 120.0, 150.0 03.76 18060 28110 67.91 105.69 
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 2-1 ︠θϥ‚ἋϸЮжχר ᵔ χ χ Ӥ 

 

Ω‰ר ᵔ  Ὑȟ  ΣϢόΩ ר ᵔ  Ὑȟ  χ ψʺ ẩ  Ὢ ̋ᵊ ͍ χСϼЈи  ὲ sOL

ΰρSL ΰπӰσϥˣ̋ СϼЈиЂϱЇ ὰ ̋  ‗ ̋ ᵊ  Ὑ Ϭ Μθӟᴞχ꜠ϢϤẐϛϥάρΥ

πΦϥʻ 

 

ר˻ ᵔ χ▄ ꜠˼ 

Ὑȟ
ςὪ

ὲὰ
Ὑȟ Ὑȟ

Ὢ

‗ πȢυὲὰ
Ὑ  

 

 2-1τΣΜοʺϸЮжψ₮Τϣ ẩ Υ Μ π ấΰοΜϥʻ ẩ Υ ΜϕςʺΩ ר ᵔ

χ ψᵠ βϥἱΰτΚϥԁ πʺζχἱΰρ ΰθϸЮжϜ ∕βϥάρΥ ΤϥʻάϦψʺר ᵔ

χ▄ ꜠ΤϣϜ ΤϥϢΞτʺר ᵔ Υ ẩ  Ὢ ιΪπσΨʺЈрЂЂϱЇˢᵊ 1 χСϼЈи

˷СϼЈиЂϱЇˣ ὲὰ ΤϣϜֲốϬ ΪοΜϥΤϣρ―ΠϣϦϥʻ Πωʺ ẩ ρ ᶓΰοר ᵔ

Υ ΜMFC150χЈрЂЂϱЇψʺ  2-2τϢϦωʺOL ΰρSL ΰπρϜτ ήΜάρΥ Τϥʻ

ԁ ʺζχ ẩ ρ ᶓΰοר ᵔ Υ‰ΜDMCχЈрЂЂϱЇψʺ χϸЮжϢϤ ΦΜάρΥᶎ

πΦϥʻβσϩκʺר ᵔ ψ ẩ ρЈрЂЂϱЇχ τӢ βϥʻs  2-2x  
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 2-2 ẩ ρЈрЂЂϱЇχ χ  

 

 2-2Τϣψʺ ẩ ρЈрЂЂϱЇχ ψϸЮжχ ρ χ╖ֲ ӤΥσβᶑ ʺβσϩκᵊᶑρ

ᴂḩἰτΚϥάρʻרʺ∑ם ᵔ χ▄ ꜠ψʺᵊᶑ ‌ Ϭ ΜοӟᴞχϢΞτ ΦḊΠϥάρΥπΦ

ϥʻ 

 

˻ᵊᶑ ‌ Ϭ Μθר ᵔ χ▄ ꜠˼ 

 

Ὑȟ
Ὑ

ÔÁÎ
‌
ς

ȟ Ὑȟ
Ὑ

ς‗ πȢυÔÁÎ
‌
ς

 

 

ӟ ϢϤʺר ᵔ τֲốϬ ΠϥϸЮжОжЮ˔ЌψᵊᶑπΚϥάρϬᶎ ΰθʻ 

 

2-4-2. ᶆ╖ֲ τΣΜο σר ᵔ Ϭ ϥχτ ΰθϸЮжχ Ӄ 

 

ὺ ЯДиχ ГϼІЎаϬ βϥ π ρ―ΠϣϦϥר ᵔ Ϭ Ӄβϥθϛʺ אּ Τϣ

ΰθὺ χ͐ χᵔ ϒχзЂрФзрϽᵊ ˢ  2-3x Ϭⱳχ͎ χḢ π ᴣΰθʻ 

ʾὺ χᵬ χ  

ʾὺ χᵬ χ  χ  

άϦϣχḢ Ϭ βϥάρτψʺᶆ╖ֲ ὯʾГϼІЎаχר ᵔ ʾГϼІЎа χל ῀ḩἰϬ

ᶎτΰʺ ẐГϼІЎа ֲ╖τᾋ›μθל Ὧχ Ϭ ӬτβϥӪ ΥΚϥʻ 
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 2-3 ὺ ᵊ  

50 cm/pix 100 cm/pix 150 cm/pix 200 cm/pix 

    

 

 2-3τꜘβзЂрФзрϽᵊ Τϣψʺᵔ Υ150 cm/pixϬ Πϥρʺᵊ Τϣὺ χᵬ χ

Υ ΰΨσϥάρΥϩΤϥʻԁ πʺ150 cm/pixϢϤϜ‰ᵔ σ ›πϜʺ׳ χ ∕Ϟ ᴒχẽᵦσ

ςʺᵬ χ  χ Υ ΰΜᵔ χ ӤΥ ∕βϥʻάχϢΞσᵬ χ  χ Υᴦ τσϥχ

ψᵔ ΥΣΣϢζ50 cm/pixϢϤ⇔ΤΜρΦρ―ΠϣϦϥʻάχὫᴮτϜρξΜοʺӟ‭χᾁ πψʺ

150 cm/pixρ 50 cm/pixχ͎ χר ᵔ Ϭʺ ГϼІЎаᵊ χ Ϭל βϥ∑χṁ ρβ

ϥʻ 

ԁ σἋ אּ ╖ֲπ⅜ ήϦϥάρΥ Μ ᵊ 12 cmτΣΪϥᶆϸЮжχᵊᶑρר ᵔ χ

ḩἰϬ  2-3τꜘβʻ 

 

 2-3 ᵊᶑρר ᵔ χḩἰ 

 

ᵊᶑτ βϥר ᵔ χ ψʺ˻ר ᵔ χ▄ ꜠˼τ μοỚ τ ΰοΜϥʻOL/SL = 

60%/60% τΣΜοΩ ר ᵔ 150 cm/pixϬ θβθϛτ σϸЮжχᵊᶑʺΣϢόOL/SL = 

80%/80% τΣΜοΩ ר ᵔ 50 cm/pixϬ θβθϛτ σϸЮжχᵊᶑψʺẶτ ‌ τσȢφᶼ π

Κϥʻ 

ᶆϸЮжχOL ΰχᵊᶑρSL ΰχᵊᶑϬФкАЕΰθ╩ Υ  2-4πΚϥʻΩ ר ᵔ 150 

cm/pixϬ θβχψʺOL/SL = 60%/60% π Ȧ DτꜘβϸЮжϬ Μθ ›ʺOL/SL = 80%/60% π Ė

KτꜘβϸЮжϬ Μθ ›ʺΚϥΜψOL/SL = 80%/80% πζϦӟᵰχϸЮжϬ Μθ ›πΚϥʻϘ
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θʺΩ ר ᵔ 50 cm/pixϬ θβχψʺOL/SL = 80%/80% π Ȧ DτꜘβϸЮжϬ Μθ ›χϙ

πʺζϦӟᵰχ ›πψẐϛϥ ֲ╖Ϭל Ӥ π βϥάρψπΦσΜʻ 

 

 2-4 ᵊᶑτϜρξΨϸЮжχ  

 

₈ᵕ ρΰθ32 χϸЮжρ ẩ χ ›δτνΜοʺᵊᶑρΩ ר ᵔ Ϭ ΰθԁ Ϭ  

2-4τꜘβʻ╖ֲὓᵊϬ οϥ∑τψʺϸЮжρ ẩ χ ›δτ ᴂΰθᵊᶑϬ╥―τΰσΥϣʺ

ρ―ΠϣϦϥ╖ֲ ρϸЮжϬ ΰʺ ẐήϦϥר ᵔ Ϭ Ӥπ θβ╖ֲϬ“ΞάρΥ Ϙ

ΰΜʻ 

  



dt24-03_ ΰϸЮжτϢϥ῟ σLOD3ЯДи ︣ χ ₰_Ṫ ᾁ йЪ˔Е 

  - 12 - 

 2-4 ᶆ╖ֲ Ὧτ βϥΩ ר ᵔ χԁ  

ϸЮж  
ᵊᶑ Ω ר ᵔ  [cm/pix] 

OL ΰ SL ΰ 80%/80% 80%/60% 60%/60% 

MFC150 

31.5̃ 41.2̃ 071.0 159.7 212.9 

20.3̃ 26.8̃ 112.0 251.9 335.9 

15.6̃ 20.7̃ 146.0 328.3 437.9 

RCD30 
47.4̃ 60.6̃ 045.6 102.7 136.7 

31.3̃ 40.9̃ 071.4 160.9 214.1 

UltraCamOsprey4.1 ˢUCO 4.1ˣ 36.5̃ 51.5̃ 060.7 124.3 182.2 

DMC 42.0̃ 69.3̃ 052.1 086.8 156.3 

DMC 140 47.3̃ 50.7̃ 045.6 126.8 136.9 

DMC 230 46.6̃ 50.7̃ 046.5 126.8 139.4 

DMC 250 38.6̃ 45.5̃ 057.1 143.1 171.2 

DMC  34.4̃ 57.2̃ 064.7 110.0 194.0 

UltraCam X ˢUCXx  37.3̃ 54.7̃ 059.3 116.1 177.8 

UltraCam Xp ˢUCXpx 
51.4̃ 72.8̃ 041.6 081.5 124.7 

37.3̃ 54.7̃ 059.2 116.1 177.7 

UltraCam Xp Wide Angle ˢUCXpWAx 51.4̃ 72.8̃ 041.6 081.5 124.7 

UltraCam Falcon ˢUCFx 37.3̃ 54.7̃ 059.2 116.1 177.7 

UltraCam Falcon M2 ˢUCF M2ˣ 
51.4̃ 72.8̃ 041.6 081.5 124.7 

37.3̃ 54.7̃ 059.2 116.1 177.7 

UltraCam Falcon Prime ˢUCFPx 
51.4̃ 72.8̃ 041.6 081.5 124.7 

37.3̃ 54.7̃ 059.2 116.1 177.7 

UltraCam Eagle M1 ˢUCEM1x 

46.1̃ 66.1̃ 047.0 092.3 141.1 

37.4̃ 54.7̃ 059.1 115.9 177.3 

18.4̃ 27.8̃ 123.5 242.2 370.5 

UltraCam Eagle M2 ˢUCEM2x 

46.1̃ 67.0̃ 047.0 090.7 141.1 

37.4̃ 55.5̃ 059.1 113.9 177.3 

18.4̃ 28.3̃ 123.5 238.1 370.4 

UltraCam Eagle M3 ˢUCEM3x 

46.1̃ 67.0̃ 047.0 090.7 141.1 

37.4̃ 55.5̃ 059.1 113.9 177.3 

18.4̃ 28.3̃ 123.5 238.1 370.5 

UltraCam Eagle 4.1 ˢUCE4.1ˣ 

41.3̃ 60.8̃ 053.0 102.2 159.0 

31.6̃ 47.5̃ 070.7 136.2 212.0 

25.5̃ 38.8̃ 088.4 170.3 265.1 

̙ ̃  ə ᶑ˼43.6̃ ̙  ̃  Ω ר ᵔ  50 cm/pix Ϭ θβ ˜ Ω ר ᵔ  150 cm/pix Ϭ θβ 
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2-4-3. ϸЮжρ ΰϸЮжτϢϥ ГϼІЎаᵊ χ ל ᶓ 

 

ϸЮжπΚϥUCEM3ρʺ ΰϸЮжπΚϥMFC150τϢϥ╖ֲ ᴮϬ Μο ήϦθ ГϼІ

Ўаᵊ Ϭ ᶓΰʺζϦϣχ χӸΜϬל ᴣΰθʻ ρβϥὺ ψʺᴅ ◕ϙσρϙϣΜ χ‰

ὺ ρΰθʻ 

άχᾁ πψʺUCEM3τϢϥ╖ֲ ᴮχ ᵊ ψ10 cm/pixʺMFC150τϢϥ╖ֲ ᴮχ ᵊ

ψ7 cm/pixʾ5 cm/pixʾ3 cm/pixχ͏ ρΰθʻσΣʺUCEM3τϢϥ╖ֲ ᴮχ ψʺOL/SL = 

80%/80%πΚϥʻ 

ᶆ╖ֲ ᴮχ► ϸЮжχϸЮжОжЮ˔ЌΣϢό╖ֲ ὯϬ  2-5τꜘβʻ 

 

 2-5 ᶆ╖ֲ ᴮχ ᾕ 

ϸЮж ẩ  ЈрЂЂϱЇ ᵊᶑ ╖ֲ Ὧ 

UCEM3 100.5 mm 
068.016 mm ˢOL ΰ  x

105.840 mm s SL ΰ  x

37.4̃ˢOL ΰ  x

55.5̃ˢSL ΰ  x

ᵊ ʿ 10 cm 

╖ֲ ʿ OL/SL = 80%/80% 

MFC150 189 mm ˢּהϛ♪  x
040.006 mm ˢOL ΰ  x

053.362 mm s SL ΰ  x
˕ ᵊ ʿ 7 cm, 5 cm, 3 cm 

 

ζϦηϦχ╖ֲ ᴮτϢμο ήϦθГϼІЎаᵊ Ϭ  2-5̋  2-6̋  2-7τꜘβʻUCEM3τϢϥ

ГϼІЎаπψʺ χ ᶔΥϞϞϖϞΪοΣϤʺ χ ⱫϜ ΰτΨΜχτ ΰʺ ΰϸЮжπΚ

ϥMFC150τϢϥ ГϼІЎаπψʺ χ ᶔΥ πʺ χ ⱫϜʺ ᵊ Υ3 cmʾ5 cmχ

›τνΜοψ ᴦ πΚϥʻϘθʺ ᵊ Υ3 cmχ ›τνΜοψʺὺ χᶊ◓

χ Ϝᶎ πΦϥʻάχϢΞτʺ ϸЮжϬ Μθ‰Μ╖ֲ πχ╖ֲ ᴮρ ᶓΰοϜʺ ΰϸ

ЮжτϢϥ╖ֲ ᴮψ‰ σГϼІЎаᵊל Ϭ βϥάρΥπΦοΣϤ ὺ̋ χ ГϼІЎаᵊ Ϭ

βϥ πχ ΰϸЮжχ ӡ Υꜘ€ήϦϥʻσΣʺ2023 χ ⁮πψʺ ΰθ‰ ὺ Υή

ϕςσΜ ӽϬᾁ ЂϱЕρΰοΣϤ ‰̋ РиΥ κ ϐ ◕ πϜϷϼи˔ЅдрΥ ατΨΜГϼІЎ

аϬ πΦϥΤᶎ βϥάρΥᴿ ρσμοΜθʻ ᾁ π ρΰθὺ ЯДиπψʺϷϼи˔Ѕдр

χ ψᶎ πΦγʺ‰ РиἪσςχּל Υ ΜḕẽᴞτΣΜοϜʺ ΰϸЮж╖ֲ ᴮϬ ΜθГϼ

ІЎа Υ ῟πΚϥάρΥꜘ€ήϦϥʻ 

ᾁ χ╖ֲ ὯᴞτΣΪϥ ГϼІЎаχ Ϭל τϜ ᶓβϥθϛτ ᶆ̋╖ֲ ᴮτϢμο ϣϦ

ϥ ГϼІЎаχר ᵔ χ χ ӤϬẐϛθʻּהϛ♪ϸЮжΥ ᴞ♪ ΰΤϣ τυᶼ χᶑ π︡Ϥ Ϊϣ

ϦοΜϥθϛʺϸЮж ᴞϬᾖ ρΰʺּהϛ♪ϸЮжχ♪ ΰτלΞϢΞτ ρ τ ὒ ꞊Ϭρμθ ›

χʺ  ὒ τΣΪϥּהϛ♪ϸЮжτϢϥר ᵔ  Ὑȟ ὒ ψʺ ᴞ♪ϸЮжτϢϥ ᵊ  Ὑȟ ̋ ᴞ

♪ϸЮжρּהϛ♪ϸЮжχ ẩ  ὪȟὪ ̋ΣϢό ᴞ♪ϸЮжρּהϛ♪ϸЮжχСϼЈиЂϱЇ ὰȟὰ Ϭ

Μοӟᴞχ꜠π δϥʻ 
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˻ ΰϸЮжχר ᵔ χ▄ ꜠˼ 

Ὑȟ ὒ
ὰ

Ὢ
ẗ
ὒ ὙȟὪȾὰ

ςὒ
 

 

άχ꜠Ϭ Μοʺ  2-5τꜘβ╖ֲ ᾕϬ ρΰθρΦχʺρϤ ϥר ᵔ χ χ ӤϬẐϛθὫᴮ

Ϭ  2-6τꜘβʻάάπψʺ╥―ρΰοʺOLϞSLΥ60%χ ›Ϝ δοꜘβʻ ΰϸЮжτϢϥ╖ֲτ

νΜοψʺ ᴞ♪ϸЮжτϢϥּא χ ϬʺOL/SLρΰοΜϥʻ 
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UCEM3 MFC150 s GSD: 7cmˣ 

  

MFC150 s GSD: 5cmˣ MFC150 s GSD: 3cmˣ 

 

 
̞ GSDψ ᵊ χ  

 2-5 ͐ χ╖ֲ ὯτϢϥ ГϼІЎаˢ ˣ  
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UCEM3 MFC150 s GSD: 7cmˣ 

  

MFC150 s GSD: 5cmˣ MFC150 s GSD: 3cmˣ 

 

 
̞ GSDψ ᵊ χ  

 2-6 ͐ χ╖ֲ ὯτϢϥ ГϼІЎаˢ⇔ ˣ  
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UCEM3 MFC150 s GSD: 7cmˣ 

  

MFC150 s GSD: 5cmˣ MFC150 s GSD: 3cmˣ 

 

 
̞ GSDψ ᵊ χ  

 2-7 ͐ χ╖ֲ ὯτϢϥ ГϼІЎаˢ⇔ ˣ 
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 2-6 ᶆ╖ֲ ᾕτ βϥר ᵔ χ χ Ӥ 

ϸЮж 
 

ᵊ  

ר ᵔ ˢOL ΰˣ ר ᵔ ˢSL ΰˣ 

OL = 60% OL = 80% SL = 60% SL = 80% 

Ω‰ 

[cm] 

Ω  

[cm] 

Ω‰ 

[cm] 

Ω  

[cm] 

Ω‰ 

[cm] 

Ω  

[cm] 

Ω‰ 

[cm] 

Ω  

[cm] 

 UCEM3s ˣ 10 cm/pix 29.17 147.50 29.17 49.17 19.17 95.00 19.17 31.67 

MFC150 

ˢ ΰˣ 

7 cm/pix 10.82 10.82 10.82 10.82 10.82 10.83 10.82 10.82 

5 cm/pix 7.73 7.73 7.73 7.73 7.73 7.74 7.73 7.73 

3 cm/pix 4.64 4.64 4.64 4.64 4.64 4.64 4.64 4.64 

 

 2-6ΤϣψʺUCEM3τϢϥ₈ᵕχ╖ֲ Ὧπχ╖ֲ ᴮπψʺ ГϼІЎаχר ᵔ χ ψΣϢζ

19 cm/pix ˙ 50 cm/pixχḧτ ϘϥάρΥ Τϥʻԁ πʺMFC150τϢϥ╖ֲπψʺ╖ֲ τϢϣ

γר ᵔ χ ψϕϖԁ πΚϤʺ͏ χβϓοχ ᵊ πʺUCEM3τϢϥר ᵔ χΩ‰

Ϭ ᵕμοΜϥάρΥᶎ πΦϥ ά̒χάρΤϣʺ  2-5̋  2-6̋  2-7π τ ᶓΰθГϼІЎаᵊ

ḧχ Ϭʺ τϜ ΪϥάρΥπΦθʻ 

Ϙθʺ  2-6ψʺ  2-5̋  2-6̋  2-7τϢϥ σ ᶓιΪπψᶎ πΦσΤμθʺ ΰϸЮжχ

ГϼІЎа τΣΪϥ ӡ Ϭꜘ€ΰοΜϥʻ ԁτʺ ΰϸЮжτϢμο ϣϦθГϼІЎаχר

ᵔ ψʺ ϸЮжχ ›ρӰσϤʺΩ‰ ρΩ χ₯Υ ήΜʻάχάρψʺὺ έρχГϼІЎ

а τל ϤΥσΜʺỡלσὺ ЯДиχ τṄ βϥρṍ πΦϥʻ τʺ ΰϸЮжτϢϥ╖ֲ

ᴮϬὺ ЯДиχГϼІЎа τ βϥ › ╖ֲ̋ ψר ᵔ χ χ Ӥτϕρϭςֲốΰ

σΜʻάχάρψʺ ΰϸЮжϬ Μϥάρπʺ Μ╖ֲ π‰ σГϼІЎаᵊל Ϭ πΦϥά

ρϬӪ ΰοΣϤʺὺ ЯДиχ τΣΪϥЀІЕχ⌡ᾚΥṍ πΦϥʻ 
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3. ΰϸЮжϬ ΜθLOD3 ︣ χ ₰ 

3-1. ₰  

 

 ̧ ΰϸЮж╖ֲ ᴮϬϜρτὺ ЯДиʺῖ ˢ ˣЯДиʺỆ ЯДиʺ ◕ ЯДиʺ

ЯДиϬ♯⌠ΰʺӡ ᶎ ΣϢόἹ ™ᾝ Ϭ ᴣβϥ 

 ̧ ΰϸЮж╖ֲ ᴮτϢϥὺ ЯДиʺῖ ˢ ˣЯДиʺỆ ЯДиʺ ◕ ЯДиʺ

ЯДиχ τ βϥЀІЕϬ ᴣβϥ 

 

3-2. ₰  

 

 3-1 ΰϸЮжϬ ΜθLOD3 ︣ χ ₰ 

ᴿ  ₰  

ὺ ῖ̋ ˢ ˣ̋Ệ ʺ ◕ ʺ χLOD3

ЯДиχ  

 LOD3ЯДзрϽ ᴮχӡ ᶎ χᾁ  

 LOD3ЯДзрϽ ᴮχἹ ™ᾝ χᾁ  

 ΰϸЮжϬ Μθ ЀІЕχ ᴣ 

 

3-3. ₰  

 

1) LOD3ЯДиχ♯⌠ 

ᵊ 3cm̋5cm̋7cmχ3 Ϥχ ΰϸЮж╖ֲ ᴮϬϜρτὺ ЯДиʺῖ ˢ ˣЯД

иʺỆ ЯДиʺ ◕ ЯДиʺ ЯДиχ♯⌠Ϭ“Ξʻ 

 

2) LOD3ЯДзрϽ ᴮχӡ ᶎ χᾁ  

ΰϸЮжϬ Μ⌠ ΰθ3D ◕ЯДиΥ χ ΰΜӡ πΚϥΤϬᶎ βϥθϛτӡ χ‰Μ

ự ᴮˢMMS ᴮʺLidarSLAMB ˣρχ Ϭᾁ βϥʻσΣʺ ΰϸЮж╖ֲ ᴮψ

ᵊ 3cm̋5cm̋7cmχ3 Ϥχ╖ֲ ᴮπᾁ Ϭ“Ξʻ 

 

3) LOD3ЯДзрϽ ᴮχἹ ™ᾝ χᾁ  

ΰϸЮж╖ֲ ᴮϬϜρτʺὺ ЯДиʺῖ ˢ ˣЯДиʺỆ ЯДиʺ ◕ ЯДиʺ

ЯДиχἹ ™ᾝ χᾁ Ϭ“ΞʻσΣʺ ΰϸЮж╖ֲ ᴮψ ᵊ 3cm̋5cm̋7cmχ3 Ϥ

χ╖ֲ ᴮπᾁ Ϭ“Ξʻ 
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4) ΰϸЮжϬ ΜθLOD3 ︣ χ ᴣ 

ᾁ πᶈ ΰθ ΰϸЮжτϢϥ ︣ ρ ︣ ˢ ϸЮж˴ự ˣτϢϥ ЀІЕϬ

ᶓΰ ᴣβϥʻ 
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3-4. ₰Ὣᴮ 

3-4-1. LOD3ЯДиχ♯⌠ 

 

ᾁ ЂϱЕψʺ ᾉᴅ ◕χḩ ΤϣϙσρϙϣΜ ựρΰθʻ 

 

 3-1 ᾁ ЂϱЕ 

 

20249Ὦτ ᾉᴅ ◕χḩ ΤϣϙσρϙϣΜ ựϬ τ ΰϸЮжἋ אּ ╖ֲϬם☼ΰθʻ

╖ֲ ϬӟᴞτꜘβʻσΣʺ╖ֲ ψ “ ΰτ80%̋Ѐ˔Іḧ ΰτ60%ρΰʺ ᵊ

3cm̋5cm̋7cmχ3 Ϥχ╖ֲϬם☼ΰθʻ 
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 3-2 ╖ֲ  GSD:3cmˢ2024/09/06╖ֲˣ 
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 3-3 ╖ֲ  GSD:5cms 2024/09/05╖ֲˣ 
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 3-4 ╖ֲ  GSD:7cms 2024/09/02╖ֲˣ 
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 3-2 ΰϸЮжτϢϥ╖ֲᵊ  

 GSD3cm GSD5cm GSD7cm 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

ΰ╖ֲ ᴮϬϜρτὺ ЯДиʺῖ ˢ ˣЯДиʺỆ ЯДиʺ ◕ ЯДиʺ ЯДиϬ

♯⌠ΰθʻ♯⌠ὫᴮϬ  3-5̋  3-6τꜘβʻ 
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 3-5 ḩ Ỹχ♯⌠Ὣᴮ 

 

GSD:3cm 

GSD:5cm 

GSD:7cm 
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 3-6 ϙσρϙϣΜ Ỹχ♯⌠Ὣᴮ 

  

GSD:3cm 

GSD:5cm 

GSD:7cm 
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3-4-2. LOD3ЯДзрϽ ᴮχӡ ᶎ χᾁ  

 

ӡ ᶎ χᾁ ψʺᴅ ◕χḩ ỸρϙσρϙϣΜ ỸϬ τם☼ΰθMMS ᴮΣϢόLidarSLAM

ᴮχ ἪД˔ЌϬ Μο ΰϸЮж╖ֲ ᴮϢϤ⌠ ΰθ3D ◕ЯДиρχᶓ₯ϬẐϛθʻ 

 

 3-7 MMSם☼ ˢ ʿϙσρϙϣΜ Ỹʺᴞʿḩ Ỹˣ 
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 3-8 LidarSLAMם☼ ˢϙσρϙϣΜˣ 

 

 

 3-9 ℅ ᶓ₯χᾁ Ⱨ  
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 3-3 ὺ ЯДиχᶓ₯ˢ ỡ ῏₯ˣ 

RMSE X Y Ss ẩהּ ˣ Z 

GSDʿ3cm 0.059 0.043 0.073 0.076 

GSDʿ5cm 0.262 0.597 0.652 0.235 

GSDʿ7cm 0.230 0.588 0.632 0.208 

ӡʿm 

 3-4 ὺ ЯДиχᶓ₯ˢΩ ˣ 

MAX X Y Ss ẩהּ ˣ Z 

GSDʿ3cm 0.216 0.101 0.227 0.178 

GSDʿ5cm 0.423 1.033 1.068 0.605 

GSDʿ7cm 0.470 0.898 0.898 0.639 

ӡʿm 

 

 

 3-10 ὺ ЯДиχᶓ₯ 

 

  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

3cm 5cm 7cm

S_RMSE Z_RMSE

Ḳm 
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 3-5 ῖ ˢ ˣЯДиχᶓ₯ˢ ỡ ῏₯ˣ 

RMSE X Y Ss ẩהּ ˣ Z 

GSD:3cm 0.253 0.245 0.352 0.308 

GSD:5cm 0.251 0.274 0.371 0.347 

GSD:7cm 0.261 0.260 0.369 0.344 

ӡʿm 

 

 3-6 ῖ ˢ ˣЯДиχᶓ₯ˢΩ ˣ 

MAX X Y Ss ẩהּ ˣ Z 

GSD:3cm 0.874 0.460 0.988 0.829 

GSD:5cm 0.863 0.526 1.011 0.653 

GSD:7cm 0.836 0.538 0.994 0.578 

ӡʿm 

 

 

 3-11 ῖ ˢ ˣЯДиχᶓ₯ 

  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

3cm 5cm 7cm

S_RMSE Z_RMSE

Ḳm 
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 3-7 Ệ ЯДиχᶓ₯ˢ ỡ ῏₯ˣ 

RMSE X Y Ss ẩהּ ˣ Z 

GSD:3cm 0.263 0.491 0.557 0.212 

GSD:5cm 0.329 0.539 0.632 0.314 

GSD:7cm 0.310 0.507 0.594 0.261 

ӡʿm 

 

 3-8 Ệ ЯДиχᶓ₯ˢΩ ˣ 

MAX X Y Ss ẩהּ ˣ Z 

GSD:3cm 0.522 0.746 0.754 0.387 

GSD:5cm 0.599 0.796 0.846 0.645 

GSD:7cm 0.649 0.864 0.887 0.612 

ӡʿm 

 

 

 3-12 Ệ ЯДиχᶓ₯ 

 

  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

3cm 5cm 7cm

S_RMSE Z_RMSE

Ḳm 
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 3-9 ◕ ЯДиχᶓ₯ˢ ỡ ῏₯ˣ 

RMSE X Y Ss ẩהּ ˣ Z 

GSD:3cm 0.079 0.083 0.114 0.092 

GSD:5cm 0.068 0.089 0.113 0.087 

GSD:7cm 0.169 0.223 0.280 0.119 

ӡʿm 

 

 3-10 ◕ ЯДиχᶓ₯ˢΩ ˣ 

MAX X Y Ss ẩהּ ˣ Z 

GSD:3cm 0.140 0.137 0.156 0.162 

GSD:5cm 0.139 0.182 0.190 0.237 

GSD:7cm 0.266 0.441 0.497 0.229 

ӡʿm 

 

 

 3-13 ◕ ЯДиχᶓ₯ 

 

  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

3cm 5cm 7cm

S_RMSE Z_RMSE

Ḳm 
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 3-11 ЯДиχᶓ₯ˢ ỡ ῏₯ˣ 

RMSE X Y Ss ẩהּ ˣ Z 

GSD:3cm 0.751 0.436 0.868 0.657 

GSD:5cm 0.437 0.317 0.540 0.361 

GSD:7cm 0.458 0.386 0.599 0.614 

ӡʿm 

 

 3-12 ЯДиχᶓ₯ˢΩ ˣ 

MAX X Y Ss ẩהּ ˣ Z 

GSD:3cm 1.691 1.001 1.734 1.175 

GSD:5cm 0.734 0.777 0.802 0.789 

GSD:7cm 0.917 0.791 1.057 1.108 

ӡʿm 

 

 

 3-14 ЯДиχᶓ₯ 

 

ΜγϦχ ᵊ Ϝ йЦи1000χ Ϭ βϥάρΥᶎ πΦθʻθιΰʺ ψ й

Ци2500χ πΚμθʻ ψ ṍḧπ ΰʺϘθʺ πζϢΩσςἹ Υ ᴟΰϞβΜθϛ

йЦи2500τ ΰθᾁ Ὣᴮρσμθρ―ΠϣϦϥʻ ΰϸЮж╖ֲ ᴮϬϜρτ⌠ ΰθ ᴮψʺ

3D ◕ЯДиΥṁ ρβϥ йЦи2500χӡ ᶎ Ϭ θβάρϬᶎ ΰθʻ  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

3cm 5cm 7cm

S_RMSE Z_RMSE

Ḳm 
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3-4-3. LOD3ЯДзрϽτϢϥἹ ™ᾝ χᾁ  

 

ᾁ π ρΰθ ρLODχ ›δϬ  3-13τꜘβʻLODΥ ⇔τσϥτνϦο ᾝβϥἹ χ

ψ⇔ΤΨσϥʻṁ τψ ⇔ χ⇔ΤΜLODΥ⌠ ᴦ πΚϦωζϦϢϤ ΜLODϜ⌠ βϥάρψᴦ

πΚϥʻΩϜ ⇔ χ⇔ΤΜЯДиϬ τ⌠ ΰʺ︡ ṁ ρ ›ΰἹ ™ᾝ Ϭ ᴣΰθʻσΣʺ

ᵊ 3cm̋5cm̋7cmέρτ3D ◕ЯДиϬ⌠ ΰ ᴣΰθʻ 

 

 3-13 ρΰθ ρLODχ ›δ 

LOD 

 
2.0 2.1 2.2 3.0 3.1 3.2 3.3 3.4 ︡ ṁ χЪϱрЕ 

ὺ  ₰ᵰ     Ṱσΰ Φήˢ3m/ 1mˣ̋ ᾎ ʺᴒᵰ  

 ₰ᵰ Ṱσΰ      χỸ ʺ ₯ˢ15cm/ 2cmˣ  

Ệ  ₰ᵰ  Ṱσΰ  Ṱσΰ ʺ︠ὥʺỆẂʺᵬ ʺζχ χ  

◕  ₰ᵰ Ṱσΰ   Ṱσΰ ◕ Ϭ  βϥ︠ σ ●χ  

  Ṱσΰ  Ṱσΰ ᷅ʾ ḅχᵰἹʺ ‰ˢ3m/ 1mˣ  
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1) ὺ ЯДи 

ὺ ЯДиχ ⇔ έρχ︡ ṁ Ϭ ΰʺ ᵊ έρτ⌠ ᴦ Ϭᶎ ΰθʻ 

ᵊ 5cm̋7cmψLOD3.1Ϙπ⌠ ᴦ πΚμθʻ Υ1mϬᴞᵕϥ ʺ σςχᵫῢ ψ

τ ꜘήϦ︡ Υ₉ πΚμθʻ 

ᵊ 3cmψ 1m χᵫῢ σς ήβΧϥρ πψΚϥΥṁ τψ︡ ᴦ πΚμ

θʻζχθϛԁ Ὧ ΦπψΚϥΥLOD3.3τ βϥὺ ЯДиϬ⌠ ᴦ πΚϥʻ 

 

 3-14 ὺ ЯДиLOD3χ ⇔ έρχ︡ ṁ  

LOD/Ṱ ᴒ₢χЂϱЇ χЂϱЇ ᵫῢ ˢ ʺ ˣχЂϱЇ ᾎχЂϱЇ 

LOD3.0 3mӟ χᴒ₢ ᾝ 3mӟ χ ΦσϜχ 1mӟ  3mӟ  

LOD3.1 1mӟ  

3m2ӟ  

3mӟ χ ΦσϜχ 1mӟ  1mӟ  

LOD3.2 1mӟ  

1m2ӟ  

χֲבּ 1m2ӟ  1m2ӟ  1mӟ  

LOD3.3 1mӟ  

1m2ӟ  

̞ χם Υ1m χ⇔Τσᴒ₢χἹ  

1m  1m  1m  

 

 3-15 ὺ ЯДиLOD3χ ⇔ έρχ⌠ ᴦ  

 
 ᴒ₢χЂϱЇ χЂϱЇ 

ᵫῢ ˢ ʺ ˣχЂϱ

Ї 
ᾎχЂϱЇ 

LOD3.0 GSDʿ3cm ˓ ˓ ˓ ˓ 

GSDʿ5cm ˓ ˓ ˓ ˓ 

GSDʿ7cm ˓ ˓ ˓ ˓ 

LOD3.1 GSDʿ3cm ˓ ˓ ˓ ˓ 

GSDʿ5cm ˓ ̚ ̚ ˓ 

GSDʿ7cm ˓ ̚ ̚ ˓ 

LOD3.2 GSDʿ3cm ˓ ˓ ˓ ˓ 

GSDʿ5cm ˓ ̚ ˷ ˓ 

GSDʿ7cm ˓ ˷ ˷ ˓ 

LOD3.3 GSDʿ3cm ˓ ̚ ̚ ̚ 

GSDʿ5cm ̚ ˷ ˷ ̚ 

GSDʿ7cm ̚ ˷ ˷ ̚ 

˓ʿ⌠ ᴦ ʺ̚ʿ Ὧ Φ⌠ ᴦ ʺ˷ʿ⌠ ₉  
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 3-15 ὺ ЯДиLOD3χ⌠ Ⱨ  

 

ОϱФἹ χ︣βϤϬ⌠

βϥάρΥ₉  

ᾤˑχ Ϭ⌠ β

ϥάρΥ₉  

GSD:3cm 

GSD:5cm 

GSD:7cm 
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 3-16 ΰϸЮж╖ֲᵊ χⱧ ˢὺ ˣ 

 

 

  

GSDʿ3cmψᵔ Υ⇔ΤΨ Ϟᵫ

ῢ Υ τ πΦϥ G̒SDʿ5cmΣϢ

ό7cmψʺ3cmρ ᶓβϥρϞϞταϭ

ιϢΞτᾋΠϥʻ 

GSD:7cm 

GSD:5cm GSD:3cm 




































