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지구관측인공위성원격탐사개요
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“자연과의화해는금세기
가장중요한과제 (defining 

task)이며모든사람에게서, 

모든곳에서최우선
순위여야한다.”

—안토니우구테흐스
(UN 사무총장)
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우리의미래는?

http://www.reuters.com/article/slideshow/idUSLNE79P00J20111026
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NASA
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토양습윤

강수

식생

물순환

유출

증발산
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Essential Climate Variables (ECV)

9

❑ ECV는물리적, 화학적, 

생물학적 또는지구의
기후특성화에결정적으로
기여하는인자

https://public.wmo.int/en/programmes/global-climate-observing-

system/essential-climate-variables

54 ECVs
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(16) (19) (19)
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International 

Soil Moisture 

Network

(ISMN)

Global Runoff Data Centre (GRDC)

Global Precipitation Climatology Centre
(GPCC)

FLUXNET
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지구관측을위한원격탐사

원격탐사
(Remote Sensing)

“물체와물리적접촉없이
정보획득”

Yang, J. et al. (2013)
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NASA’s 

Earth Observing System Data and 

Information System 

(EOSDIS)

SMAP (토양습윤)

GPM (강우)MODIS

(식생지표)
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원격탐사의방식

25% 75%
https://earthdata.nasa.gov/learn/remote-sensors
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Sentinel-1 C-band 

SAR를 이용한
홍수범위 탐지

(Active)
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MC ratio

Wet pixel
(Measurement)

Dry pixel
(Calibration)

𝐓𝐛𝐌

𝐓𝐛𝐂

∝ 𝑸

홍수감지를위한마이크로파 (passive)
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4차산업혁명
(Industry 4)

현대스마트기술에초점을
맞춘새로운산업혁명
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원격탐사: 환경빅데이터원천

Ma, Y.et al. (2015). Remote sensing big data computing: Challenges and 

opportunities. Future Generation Computer Systems, 51, 47-60.
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20개이상의인공위성운영중

세계 7위의인공위성개발/운영능력

지구관측용인공위성개발을위한
지속적인연구개발

한국의인공위성
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수자원/재난모니터링전용인공위성
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원격탐사연구분야

검
증

원격탐사
데이터
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원격탐사데이터의개선

Accuracy (정확도) / 

precision (정밀도)

Spatial disaggregation Gap-filling
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데이터합성을통한원격탐사데이터의개선
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Original combination – minimizing MSE

(Bates and Granger, 1969)
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다양한분야에서의활용
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행렬형식을통한가중평균방법 (WA)일반화

𝐱 = 𝑦1 + 𝐞와 𝐮 ∈ ℝ𝑁에대하여, 목적함수와조건은

Minimize 𝑔 𝐮 = 𝔼 𝐞𝑇𝐮 2 = 𝔼 𝐱𝑇𝐮 − 𝑦1𝑇𝐮 2

Subject to ℎ 𝐮 = 1𝑇𝐮 = 1

최적해는

𝐮† = 1𝑇𝔼 𝐞𝐞𝑇 −11 −1𝔼 𝐞𝐞𝑇 −11
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모(parent)데이터의수가 2개일경우

𝑢1 =
𝜎𝜀2

2 − 𝜌𝜀1,𝜀2𝜎𝜀1𝜎𝜀2
𝜎𝜀1

2 + 𝜎𝜀2
2 − 2𝜌𝜀1,𝜀2𝜎𝜀1𝜎𝜀2

𝑢1 ≈
𝜎𝜀2

2

𝜎𝜀1
2 + 𝜎𝜀2

2

𝜌𝜀1,𝜀2 = 0

𝐮† = 1𝑇𝔼 𝐞𝐞𝑇 −11 −1𝔼 𝐞𝐞𝑇 −11
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오차공분산행렬 (𝔼 𝐞𝐞𝑇 )

Triple 

Collocation 

(삼중항분석)

𝜽1

𝜽2

𝜽3

Stoffelen (1998); McColl et al.(2015)
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4개의 TC 가정

• Linearity between observations and the truth: 𝜽𝒊 = 𝛼𝑖𝒕 + 𝛽𝑖 + 𝜺𝒊

• Stationarity for E[𝜀𝑖] and E[𝑡]

• Zero error-cross correlation (ECC): 𝜌𝜀𝑖,𝜀𝑗 = 0

• Error-truth orthogonality: 𝜌𝜀𝑖,𝑡 = 0



Department of 

Civil Engineering

데이터합성분야의연구방향

• 데이터합성방법개발 (예: min MSE, max R 등)

• 데이터합성에필요한매개변수추정 (예: TC, Extended TC, QC, 

Instrument Variable Method, Double Instrument Variable Method, Three-

Cornered Hat 등)
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기존가중평균법의문제점

• 데이터합성의목적이합성된데이터의오차를최소화하는것이라면, 

가중치의합이 1이여야한다는조건 (즉, 모데이터의가중평균)은
불필요하며이는오히려데이터합성결과의최적성을제한함

• 즉, 목적함수를세울때오차항만다룰것이아니라합성데이터자제를
대입함으로써문제를해결할수있음

• 이경우신호대잡음비 (signal-to-noise ratios, SNR)가데이터합성을
위한매개변수가됨
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새로운방법: SNR-opt

ො𝑦 = 𝐱𝑇𝐮이므로, 목적함수와조건은

Minimize 𝑓 𝐮 = 𝔼 𝐞𝑇𝐮 2 = 𝔼 𝐱𝑇𝐮 − 𝑦 2

이에대한최적해는

여기서 𝐍 = Τ𝔼 𝐞𝐞𝑇 𝔼 𝑦2 는 SNR

𝐮⋆ = 𝐍+ 𝐚𝐚𝑇 −1𝐚
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WA vs. SNR-opt
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WA vs. SNR-opt



Department of 

Civil Engineering

[Box] 상관계수최대화: max R

maximize 𝑟 𝐮 =
𝔼 𝑦 𝐱𝑇𝐮

𝔼 𝑦2 𝔼 𝐱𝑇𝐮 2

maximize 𝑟2 𝐮 ∝
𝐮𝑇𝔼 𝑦𝐱 𝔼 𝑦𝐱 𝑇𝐮

𝐮𝑇𝔼 𝐱𝐱𝑇 𝐮
=

𝐮𝑇𝐚𝐚𝑇𝐮

𝐮𝑇𝔼 𝐱𝐱𝑇 𝐮
,

일반화된
Rayleigh 

몫(quotient)
𝐚𝐚𝑇𝒖 = 𝜆𝔼 𝐱𝐱𝑇 𝒖의주고유벡터 = 

상관계수를최대화하는가중치
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참값없이 SNR 구하는방법: SNR-est

𝐂 = ൗ෣𝔼 𝐱𝐱𝑇 𝔼 𝑦2 ≈ 𝐍 + 𝐚𝐚𝑇에대해 𝐍의비대각성분이

“작다”라고가정하고다음의최적화를수행

minimize 𝑓 𝐚 = 𝟏𝑇 𝟏𝟏𝑇 − 𝐈 ∘ abs 𝐂 − 𝐚𝐚𝑇 𝟏

subject to ℎ 𝐚 = diag 𝐚𝐚𝑇 − diag 𝐂 ≤ 𝟎
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SNR-est vs. TC

▪ TC와 SNR-est는비슷한성능
▪ 그러나, 오차간상관성이증가할

수록 TC는실패 (음의오차분산) 

케이스증가
▪ 이에반해 SNR-est는실패케이스

없음
▪ 또한 TC는 3개또는 4개 (QC)의

데이터에만적용이용이하지만
▪ SNR-est는 2개이상의데이터에

제한없이사용가능

* SNR-est를약간변경하면 TC와
동등해짐
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적용결과 (1)
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적용결과 (2)
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적용결과 (3)
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개발된툴 (1)

https://github.com/steelpl

https://github.com/steelpl
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개발된툴 (2)



Department of 

Civil Engineering

개발된툴 (3): a=1
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개발된툴 (4): a≠1
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요약

❑기후변화/수자원연구에서원격탐사의역할증대

❑환경빅데이터의소스, 한국의세계적수준의인공위성
개발능력

❑원격탐사는기존관측체계를보완/대체할수있으나
개선할필요가있음

❑데이터합성은데이터의성능을향상시킬수있는
간단하지만유용한도구

❑새롭게제안한 SNR-opt + SNR-est는기존의
가중평균법보다나은성능을보여줌


