
UAV



╢ ᶶἳ ♩ṏӦ╖ ♩╖ ⌐ ⁴̬ѡ ṥⱱ ͙ ԅᶷ⁄ ṕ ⁷̯⁄ἌѤ Ṫ̛ ₅Ữ

╥ Ṫ̛♬Ṓᵑ ↔ ⁴ Ͽ ὡַא♬Ṓ╬ ὡᾔ̓ Ữ◓ᴮ₮ ᾏỸ╥ ꜙᵆ ḓ Ṫ

ᵑ ♬ ὡ ▓Ѥ ͙ὥ ˌḛ

╢ ᶶἳ ♩ṏӦ╖ ♩╖ ⌐ ⁴̬ѡ ṥⱱ ͙ ԅᶷ

⁄ ṕ ⁷̯⁄ἌѤ Ṫ̛ ₅Ữ╥ Ṫ̛♬Ṓᵑ ↔ ⁴

Ͽ ὡַא♬Ṓ╬ ὡᾔ̓ Ữ◓ᴮ₮ ᾏỸ╥ ꜙᵆ ḓ

Ṫ ᵑ ♬ ὡ ▓Ѥ͙ὥˌḛ

˿ ⱳỢ ḓ ʺ⁄ ҍ ́♠╬ ⁷̯ʺ Ṩⱴ ⁴ ἐֿ̰ב╥ ⱳỢ ͙ὥ╙ ͎ҍᴛ

Ợ↔ Ѥὡר⁄͎ ̆▓‡̭ϼ ˼›♅ ⱭởḐ ʷ͖ὢ╢ˉḘ╧ᾋ͒



Á∙˳(Remote) : ᵽ ˛ᵖ›Ἁ

Á ở(Sensing) : ἜἉᵎ ╧↑ ̒ ḟḶ

Á∙˳ ởѡ ᵽ ˛ᵖ›Ἁ ἜἉᵎ ╧↑ ⁭ ̒ ѡ ḟḶ̐ ̒ᴍӅ

ᶘӤ ͖ὢ╖ ╢ḅ

∟˶ Ợ

Áở↑■ʷ ∙ ѡ ᾋ♣›Ἁ ╪♩ ḵ⌐╢ ╖⁮קּ ѻᾋʹ› ♩ ʷѨ

Á̃ ừҲ ₂ừ╖ ᴘ╓♅͖ד ӣ › ▐„ ˼♫Ἐ̐ ᾍἳἘ ѳקּ

Á→ᵖϫׇ₫ ˆ╕ ἲ͈ᶘ ̬ʹ( /д˼ּק ӫ)›Ἁ ↑ ♅

UAV

ἡἌ



Á─ (x,y ), ̆ҵ(z), Ữ◓ᴮ, ᾏỸ₅⁵ Ӯ ͙ṕ♠╬ Ỹ/ᶹᵙ ♠ ▫ᴮ Ⱡ
̑

Áּת♩Ṋ ̕ ╪ ῷѳ ᵰ↕ Д╘ ♠⁵תּ ♬Ṓ Ⱡ̑(̛⁵Ἓ)

Á͙ל♠╪̆ ˍ̕♠ ▫ᴮ ὡ︡ ḓ ♪͐Ṭѫ ⁵תּ ♬Ṓ Ӧ ʺѫ

Advantage

Á100 % ♬ ♬Ṓ Ⱡ̑╪ ʺѫ ѻ?

Á₅Ữ╪ ѱ̆תּ ▓Ѥ ₡ Ѥ? ╬ʼ╥ ṪἍ ₡ Ѥ?

- ∟˶ Ợᵑ ⁴ ὡ︡ӈ ♬ṒѤ Ѿὣ ‡Ԑ ˃╥ ̑ʼ♠, Ṫ̛♠, 
ᾎʼ♠ ♬Ṓᵣ ת Ỏ▐!!

- Ὸ╘ ʺѫ Ϯ ∟╬╙ ♪וֹ ῼ ὡ ′╛

- ∟˶ Ợ⁄ ҍ Ϯתּ ↔Ἓ╥ ʺѤ ͔ᶹ!!

Disadvantage



Å 1980Цҍ ⁄ḙאַ ╪ᵎױ ₅Ữ Ṫ̛́ʺ ˌḛӊ⁄ ӻג NASA⁄ ╥ ˌḛӈ ̑₅Ữᾎᾅ ⁄ ◓Ӈ‡ ̯̕תּ ╥
ҵ̯ᴛἌ Ợ↔Ӈ͙ ᾎ▬ ₄̆, ͐⁄Ѥ ─Ἓ(EO-1)⁄ ◓Ӈ‡ Ṫ̛₅Ữ Ⱡ̑

Å ╥תּ͔ͥתּ Ṫ̛₅Ữ╘ ◑ẋ ▫ ╥ ʺ˶╪ Ўᶴ й, ◑ẋᵑ Ợ↔ ͙ ─ ἌѤ ὢᴐӈ ˿ ╪ ⅝ ͙ ԅᶷ⁄ Ἓ
֞Ѥ ᵑ̯תּ ̕ Ѥ ҵ̯ᴛἌ ̛Ḹ─ ⁄⁵תּ ҍ ́ ╙ ᾒᾎ ̆, ́ ӈ ˺̓ᵑ Ἓ╪Ϯ ̯תּ ᶔ╥ Ἓ╙
Ὸ Ѥ ᶜ♠╖ᴛ Ợ↔

Å ͐ ͙ὥ╥ ḛҀᴛ ◑ẋ╥ ʺ˶╪ ♇ᴒ ̆תּ ◑ẋᵑ Ợ↔ ͙ ─ ͙ὥ╥ Ṉ╪ ϻῷⱭ͙ ԅᶷ⁄ ─Ἓ╪Ϯ ͙̑ʺ ῷѳ
Ữ⁄Ἄתּ Ἓ╙ ́ ͙ ─ ᶜ♠╖ᴛ ₅Ữ Ṫ̛́ᵑ ҵ░ ̆▫ Ѥ ⁷̯ʺ ʺשּ

Å Ṫ̛ ₅Ữ╘ ʻ ἵᵡѻ ▫Ωἐ, ʺᾎ̛ἐ ḓ ♠Ωἐ ◑⁄ ҍ ♬ ᶘ ˃ ♬Ṓᵑ ̆תּʺ ▓͙ ԅᶷ⁄ ₅ ҍỮ╥
̆┬ Ṫ̛♬Ṓᵑ ὡ ▓‡ ͙Ⱶ╥ RGB ₅Ữ ṪἍ ͙ὥ╥ ́ᵑ ͏ṓ ⁴ ⸗ җ ᵤ╘ ♬Ṓᵑ ₅ỮϿ⁄Ἄ Ṋ ̆
╪ᵑ װ♬ ὡ ▓Ѥ ◑♩

Å Ṫ̛₅Ữ╘Ṫ̛Ḧӥʺᵤ̆(many), ⁷ἶ♠╪̆(continuous), ◑ ╪ꜗ╘(narrow) 3ʺּת ︣╖ᴛ♬╥ӈѻ. 

Ṫ̛₅Ữ̓ѻַאṪ̛₅Ữ╥ ╪♩╖ᴛἌ Landsat ETM+╥ѻַאṪ̛₅Ữ╥Ṫ̛ḙỢ˃╘ 6ˌ╥╪˶ӈ ◑Ḧӥ⁄Ἄ
╥ḙᶔ, AVIRISבֿ‡‫ Ṫ̛₅Ữ⁄ἌѤ 400~2,500nm╥ ◑₅⁵⁄Ἄ– 10nm╥ ◑ ╙ˇѤ 224ˌ╥⁷ἶ♠╬
Ḧӥ⁄Ἄ ӈṪ̛ḙỢ˃╙ Ṓ⁴̆ל▓ѻ. ּס, Ṫ̛₅Ữ╥♬╥Ѥ₅Ữ╙̯Ἓ Ѥʻ ἵ⁄ ҉ Ѥּת ᶹ╥
₰♣ Ṫ̛ Ἓ̇ἐ(spectral reflectance curve)╙ὡ▓Ѥ▫ᴮ╙‫

Å Ṫ̛ ₅Ữ╙ ╪↔ ˿ ⱳỢѤ ╘ ᾎʼҿΌ Д╘ ⁄⁵תּ ҍ ỮἝ ▫ᴮᵑ Ӧ ὡ ▓╖ᶒ, ́ ᾎ⁄ ḛỸ Ѥ
─ Ἓ╙ ἵ ὡ ▓‡ ͙Ⱶ╥ ∟˶ Ợ╥ ◑♩⁄ ʺ♠╖ᴛ э⁄ Ṓ╪ּת ΏѤ ▫Ωἐ̓ ♠Ωἐ ₅⁵⁄ ҉ Ѥ
ẕ╥ Ἕ͙ᵑ ╪↔ ⁴ җ ᵤ╘ ˿ ♬Ṓᵑ Ӧ ὡ ▓ѻѤ ◑♩

Å ͙̑ ◓ Ṫ̛₅Ữ▫ᴮ╥ ͙ ↔Ṫ‒Ѥ̛ᶹ▫∟╥Ṫ ᵑ Ὸ ˞Ϯ Ἅꜙᵆ̯ṪӮּפֿתṪ‒ʺלᵑ╪ᴴ̆
▓╛









Standard Compact Nano

System Weight (
kg)

7.79 3.23 0.77

Power (Max, Avg
.)

180W, 85W 70W, 40W 15W, 12W

Å HyperspecÈ + HDPU
ï COTS Camera/Headwall 

developed camera with 
COTS focal plane

ï x86 Computing Platform 
ï Commercial components

Å Micro -HyperspecÈ  + 
Compact HDPU
ï COTS Camera/Headwall 

developed camera with 
COTS focal plane

ï x86 Computing Platform
ï Ruggedized components 

and IP enclosure

Å Nano-HyperspecÈ
ï Fusion of focal plane and 

data system 
ï Fully customized hardware 

and software developed 
by Headwall

ï Most compact and lightest 
pushbroom sensor in its 
wavelength range on the 
market today
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Step3 ₅ỮṪᵆḢḹ╙ ╪↔ Ecotope Ṫᵆ

- ́ Ṫᵆ ͙ḙ╥ ˍ ͙ḙ Ṫᵆ ὡ

- ́ Ṫᵆ : 

V Ṫᵆ ̆▫ Ѥ ҍỮ ╥ ⱳḌ ╪ ⱠΩּתʺ

ḃᴛ ⱠϿּת ḓ ⱠΩּתᴛ ↕ἐ Ṫᵆ

VⱠΩּת ₅⁵⁄Ἄ ᶹ⁄ ╥ ₅ ╙ ▫̆╪ת ὡ

⁵̓

ẋὡ⁵╖ᴛ Ṫᵆ

Step2 ᶴ╬ ̑ ₅Ữ ♣ ᵙ

- ₅Ữ╔ (RGB ₅Ữ + NIR ₅Ữ) ḓ ꜝ Ṓ

♬

- DSM(Digital Surface Model) 

Step1 ᶴ╬ ̑ ₅Ữ ₅

- ̆♬╫ ᶴ╬ ͙̑(eBee senseFly) ↔

- ʺᾎ̛ἐ(Red, Green, Blue ; RGB) ḓ ͐♠

Ωἐ

(Near infrared ; NIR) ₅Ữ ₅

Step4 ♬ ҵ ˤּש

- ͙Ⱶ Ӱּת ╪︣ ▫ᴮ₮╥ ẋ̪ ˤּש(Error 

Matrix)

- ◑ⱳỢᵑ ˤּש ḓ Ṓ♬ ὡ

Ecotope Ṫᵆ ḓ ♬ ҵ ˤּש

(RGB+NIR)

DSM
(ex ; )





ṓṪᵆ Ḹᴗ

ᶜṕᵆ

ṕᵆ

ὡ⁵

͙

̯ⱳᶹ

Ữ(▫ʾ)

Ữ(ᶛמ)

1

1Drone 1Landcover

2Drone 2Landcover

2



XX.X m

XX.X m

XX.X m

21







Ṫ̛ṓỢ́

(Spectral radiometer)

NIR-Visible

Sensor

Hyperspectal

Sensor

Ṓ♬

ˤּש

Ṓ♬

ˤּש

Image Specification of sensor

Wavelength range 400-1000 nm

Spatial bands 640

Spectral bands 270

Scan mode Push-broom

Lens 17 mm, FOV15.9 À

Output 16 bit



ҵṪἍ



♩ Ҋừ

Á ̎ʹ : ▪ӭ, ῎, ʻҊ, ₳̃Ӧạ͖, ᶕῳ■⁭ϑ, ͖ṥӦ, ᶶ‟ử, ₳ḯӦ, Ɑ˼Ἂ, ᶘכ, Ὕᾑ ӫ

Á ̎ʹ› Ҋ ṧׇ̘╧ẁשᵖ(Spectral Library) ̬ שׂ





─Ἓ(̯͒)
Ṫ̛₅Ữ

(͙ Ṓ♬ ₰ᴮ)
Ṫ̛₅Ữ ╬▫Ṋ ᾅ ᴀ( Ữ◓ᴮ, ὡ⁵, ᾏỸ Ӯ)

NDVI Ṫᵆ



Ӣᴚ̐ ˆ╕ ἲ UAVᵎ ↑ ⁭ ˼♫♅╩ Ẉ↑╓ᴘ ᾋ̎ʹ ừҲʷ е╕ ₂ừ╖ ӣ ѡ

ˣ╧ ʷѨ ˪ ӄ‰Ѹ. Ҕṩ„ ṧ̘♩ṏᵎ Ὕֿפ ѡ ₂ừ ◌Ẉ╢ Ḙ♆╓ᴘ Ӣᴚ› ◐ʷ ʷѨ

╢ר˼ ἲ ṧ̘ἜἉʷ ˉḘӇ╓ᴘᾩ ṏѸ е╕ ṧ̘ ừҲ╢ ₂ừ╖ ӣ Ὕ ▐˪ ӄ

‰Ѹ.

Ӣᴚ ͖Ḗ ṧ̘ ₂ừ╢ ˼╩■ ṧἊ╖ ṏѸ Ἒḉ ̎ʹṧᵃᵎ Ὕ Ὕ ▐╖

ˣ╓ᴘ ͖Ҋӄּקᵠ, ᾏ♫ ╧ᵎ Ὕ ⁴̬ѡ ᵡּק ῸѸ. Ṓ ⁴̬ѡ ┬♅╩ ˼Ɑởᵎ ⌐

ἲ UAVᵎ ↑ ⁭ ̃ ừҲ ṧ̘ ₂ừ╖ ӣ ₁╓ᶏ, ∙ ἲḶ̐ ṧᵃ͖ ♅↑›

Ӹᵍ ̎ʹṧᵃ♩ Ҳ ʷᵎ ṧ̘₂ừ╢ ↑ʷѨἘ╖♫ᾋ ̃■ Ѹ.



Å⁴̬Ҋừּק⁮ ῶҼ ᾏ Ἔ ᾋ ╕ →ᵖϫׇ ἲ › Ⱳ◐ ѡ Ҋ ♅╩ ˼⅔ἲӦ╖
̃▐ѡᾋἏ

Å₂ừ ₂ Ҋừ╕ ╩̬̎Ɑᶶ, ᾌỵ, ừ◐ᴫ ӫ Ѹ‗ ˼ ╩■ᴘ ̬Ἐӄ„ ▐╓ᶏ, ╪♩
Ὕ⌐ʷ ӄѡקּ┘ ᵏ╧ ▐„ Ὕ⁮ Ḑ ẈὝ⁮╧ Ⱳ◐ ѡ ̬ʹ Ἅ♩



Å ₂ừ╧ּקѮ̃▐ѡ ἲṇ̃┘ ˀ╖ṧἊ› ↑ ͖ ⌐ Ἁѡḟởṏ♩Ḑ͖ ṏ♩╖ Ὕ

Å ͖͖♅╩ ḟởṏ♩╕ ṧ̘ἜἉ₫ Γ ♫̎ӄѡ Ь ᾋʹ› Ӹᵍ Ṑởṏ♩ ╪̐ ◌›Ἁ Ὕֿפ Dark Reference ╪╖

͖Ḗ╓ᴘ∙₂ừ╖ʸ ἲṇṐở Ҳˀ╓ᴘṆ

Å ₂ừ╢͖ ♅ ₴̄╕ ṧ̘ἜἉ› ṥ ӄ„▐ѡ GPS/IMUᴘ ₂ ᾋ ӣ ■ᴫᵎ ṏ♩

Å ‗Ṑở›Ћּק╢ ₂ ╓ᴘ ╩ ₓ ᵎ ἲ ͖ ⌐ Ἁѡ Ḗở┬ ˉХ╖ ♅↑

Å Ṑở Ҳ ˀ›Ἁ Ҋ͖╢ ₂ ╖ ♫˛ ѡ Ҋ͖ṏ♩╖ ʷ♅╓ᴘ Ὕ

Å Ḗở┬╕ ◌›Ἁ ӣ כ ḢỮ ˀ╖ ᴘ╓כ͖ ♆ ₂ừ╢ ʸ ἲṇ ḖởҲ ˀ╖ Ợ♩ ѡ ḟᾌ╖ ♅↑



Class
Pixel count

Training data Reference data

Herbal_land 453 1041

Herbal_submerged 526 1060

Herbal_dried 386 1040

Woody_land 311 404

Woody_emerged 339 619

Sand_land 398 784

Sand_submerged 575 1040

Gravel 387 600

Tile type 312 467

Plastic type 285 550

Fabric type 382 924

Timber type 280 378

Steel type 335 500

Concrete type 352 759

ṕ▫ᴮ╥ ҍỮ ᾅѤמ ˿╥ ̑ʼ♠╬

Ἓ̓ ᶹֿפ╥ ꜙᵆᵑ ̆ᴎ ₄╖ᶒ, ὡ⁵ ḓ ẋὡ

⁵⁄ ─ Ѥ ᾏỸ( ṕ, ᶜṕ), Ữ◓ᴮ(ɒ ,מ ▫

ʾ)₮ ╬̑ ̯ⱳᶹ( ▀, ᶜ◓, ᵙ Ӯ) 14ˌ

♬ᾅᵑἐמ



Class

MLC

(OA: 96.19%)

SVM

(OA: 96.10%)

Prod.

Acc.

User

Acc.

Prod.

Acc.

User

Acc.

Herbal_land 99.23 96.36 99.33 96.37

Herbal_submerged 98.96 96.42 98.87 93.91

Herbal_dried 99.04 99.42 100.00 99.05

Woody_land 98.02 99.50 97.77 98.26

Woody_emerged 97.90 99.02 94.83 100.00

Sand_land 98.09 94.01 99.49 93.86

Sand_submerged 96.25 99.60 95.38 98.80

Gravel 99.83 97.24 98.67 99.50

Tile type 71.73 96.54 64.03 92.86

Plastic type 92.73 79.44 96.36 77.26

Fabric type 100.00 100.00 99.89 100.00

Timber type 89.68 98.26 97.88 96.35

Steel type 97.40 86.65 94.20 98.13

Concrete type 92.36 100.00 93.41 99.44


