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𝑉𝑉 = 𝐿𝐿3 ∆𝑉𝑉 =
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

∆𝐿𝐿

𝝈𝝈𝐕𝐕 = 𝟑𝟑𝑳𝑳𝟐𝟐 · 𝝈𝝈𝑳𝑳

𝝈𝝈𝑳𝑳

Repeated length measurement

Total Propagation of uncertainty

volume uncertainty    Length uncertainty 
Propagates through

( vol ) Equation
Total uncertainty      Propagates through  Multiple uncertainty sources

due to ATCOR                  ATCOR Equation from Atmosphere
(aerosol, O3, H2O, P, SZA, VZA,…)

L8 OLI         = 𝑻𝑻𝑻𝑻𝑻𝑻 = 𝑱𝑱 ⋅ 𝜮𝜮 ⋅ 𝑱𝑱𝑻𝑻
𝝈𝝈𝝆𝝆𝑩𝑩𝑩𝑩
𝝈𝝈𝝆𝝆𝑩𝑩𝟐𝟐
𝝈𝝈𝝆𝝆𝑮𝑮
𝝈𝝈𝝆𝝆𝑹𝑹

(1)Define ATCOR equation
(2)Derive Jacobian
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ρ

𝜃𝜃𝑠𝑠 𝐸𝐸𝑜𝑜

𝐸𝐸𝑑𝑑 = 𝜇𝜇𝑠𝑠𝐸𝐸𝑜𝑜 � 𝑒𝑒−𝜏𝜏/𝜇𝜇𝑠𝑠 + 𝑡𝑡𝑑𝑑(𝜃𝜃𝑠𝑠)
1

1 − 𝜌𝜌𝜌𝜌

𝑆𝑆

total downwelling irradiance

𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎

𝐿𝐿𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐿𝐿𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎 +
𝜌𝜌
𝜋𝜋 𝜇𝜇𝑠𝑠𝐸𝐸𝑜𝑜 � 𝑇𝑇𝑠𝑠

1
1 − 𝜌𝜌𝜌𝜌

𝑇𝑇𝑣𝑣

𝜌𝜌𝑇𝑇𝑇𝑇𝑇𝑇 = 𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎 +
𝜌𝜌𝑇𝑇𝑠𝑠𝑇𝑇𝑣𝑣

1 − 𝜌𝜌𝜌𝜌

𝜋𝜋
𝜇𝜇𝑠𝑠𝐸𝐸𝑜𝑜

×

𝜌𝜌𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑔𝑔
𝑜𝑜𝑜𝑜𝑇𝑇𝑔𝑔𝑜𝑜𝑜𝑜𝑇𝑇𝑔𝑔𝑐𝑐𝑐𝑐𝑐𝑐 𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎 +

𝜌𝜌𝑇𝑇𝑠𝑠𝑇𝑇𝑣𝑣
1 − 𝜌𝜌𝜌𝜌

𝜌𝜌
𝜋𝜋 𝐸𝐸𝑑𝑑 � 𝑒𝑒−𝜏𝜏/𝜇𝜇𝑣𝑣 + 𝑡𝑡𝑑𝑑(𝜃𝜃𝑣𝑣)

𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎 +
𝜌𝜌
𝜋𝜋 𝜇𝜇𝑠𝑠𝐸𝐸𝑜𝑜 � 𝑒𝑒−𝜏𝜏/𝜇𝜇𝑠𝑠 + 𝑡𝑡𝑑𝑑(𝜃𝜃𝑠𝑠)

1
1 − 𝜌𝜌𝜌𝜌

𝑒𝑒−𝜏𝜏/𝜇𝜇𝑣𝑣 + 𝑡𝑡𝑑𝑑(𝜃𝜃𝑣𝑣)

Governing Eq.

6S modification (Coupling: Abs-Scat interaction)

𝝆𝝆𝑻𝑻𝑻𝑻𝑻𝑻 = 𝑻𝑻𝒈𝒈
𝒐𝒐𝒐𝒐𝑻𝑻𝒈𝒈𝒐𝒐𝒐𝒐𝑻𝑻𝒈𝒈𝒄𝒄𝒄𝒄𝒄𝒄 {(𝝆𝝆𝒂𝒂𝒂𝒂𝒂𝒂𝒊𝒊𝒊𝒊𝒊𝒊 − 𝝆𝝆𝑹𝑹𝑹𝑹𝑹𝑹) � 𝑻𝑻𝒈𝒈,𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯

𝒄𝒄𝒄𝒄𝒄𝒄 +𝝆𝝆𝑹𝑹𝑹𝑹𝑹𝑹}/𝑻𝑻𝒈𝒈𝒄𝒄𝒄𝒄𝒄𝒄 +
𝝆𝝆𝑻𝑻𝒔𝒔𝑻𝑻𝒗𝒗
𝟏𝟏 − 𝝆𝝆𝑺𝑺



𝜃𝜃𝑠𝑠

𝜑𝜑

𝜃𝜃𝑣𝑣

Θ

= -𝜇𝜇𝑠𝑠𝜇𝜇𝑣𝑣 - cos𝜑𝜑 1 − 𝜇𝜇𝑠𝑠𝜇𝜇𝑠𝑠 1 − 𝜇𝜇𝑣𝑣𝜇𝜇𝑣𝑣
cosΘ = -𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑣𝑣 - cos𝜑𝜑 𝑠𝑠𝑠𝑠𝑠𝑠𝜃𝜃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜃𝜃𝑣𝑣

scattering angle
𝝈𝝈𝝆𝝆𝟏𝟏
⋮

𝝈𝝈𝝆𝝆𝑵𝑵
=

𝝏𝝏𝝆𝝆𝟏𝟏
𝝏𝝏τ𝒂𝒂

⋯
𝝏𝝏𝝆𝝆𝟏𝟏
𝝏𝝏U𝒘𝒘𝒘𝒘

⋮ ⋱ ⋮
𝝏𝝏𝝆𝝆𝑵𝑵
𝝏𝝏τ𝒂𝒂

⋯
𝝏𝝏𝝆𝝆𝑵𝑵
𝝏𝝏U𝒘𝒘𝒘𝒘

𝝈𝝈τ𝒂𝒂
2 ⋯ 𝝈𝝈U𝒘𝒘𝒘𝒘

𝝈𝝈τ𝒂𝒂
⋮ ⋱ ⋮

𝝈𝝈τ𝒂𝒂𝝈𝝈U𝒘𝒘𝒘𝒘
⋯ 𝝈𝝈U𝒘𝒘𝒘𝒘

2

𝝏𝝏𝝆𝝆𝟏𝟏
𝝏𝝏τ𝒂𝒂

⋯
𝝏𝝏𝝆𝝆𝑵𝑵
𝝏𝝏τ𝒂𝒂

⋮ ⋱ ⋮
𝝏𝝏𝝆𝝆𝟏𝟏
𝝏𝝏U𝒘𝒘𝒘𝒘

⋯
𝝏𝝏𝝆𝝆𝑵𝑵
𝝏𝝏U𝒘𝒘𝒘𝒘

𝑻𝑻𝑻𝑻𝑻𝑻 = 𝑱𝑱 ⋅ 𝜮𝜮 ⋅ 𝑱𝑱𝑻𝑻

𝝈𝝈𝝆𝝆𝒊𝒊
𝟐𝟐 =

𝝏𝝏𝝆𝝆𝒊𝒊
𝝏𝝏τ𝒂𝒂

𝝈𝝈τ𝒂𝒂

𝟐𝟐

+
𝝏𝝏𝝆𝝆𝒊𝒊
𝝏𝝏𝑷𝑷 𝝈𝝈𝑷𝑷

𝟐𝟐

+
𝝏𝝏𝝆𝝆𝒊𝒊
𝝏𝝏U𝒐𝒐𝒐𝒐

𝝈𝝈U𝒐𝒐𝒐𝒐

𝟐𝟐

+
𝝏𝝏𝝆𝝆𝒊𝒊
𝝏𝝏U𝒘𝒘𝒘𝒘

𝝈𝝈U𝒘𝒘𝒘𝒘

𝟐𝟐

Assuming negligible covariances

𝝆𝝆𝒊𝒊 = 𝑓𝑓(𝝆𝝆𝑻𝑻𝑻𝑻𝑻𝑻_𝒊𝒊, 𝝀𝝀𝒊𝒊; τ𝒂𝒂 ,𝑷𝑷, U𝒐𝒐𝒐𝒐 , U𝒘𝒘𝒘𝒘, θ𝑠𝑠, θ𝑠𝑠, φ)
𝝈𝝈θ𝑠𝑠 ,𝝈𝝈θ𝑣𝑣 ,𝝈𝝈φ~0

𝝈𝝈𝝆𝝆𝒊𝒊
𝟐𝟐 <= 𝝈𝝈𝝆𝝆𝒊𝒊

𝟐𝟐 + 𝝈𝝈𝑻𝑻𝑻𝑻𝑻𝑻_𝒊𝒊
𝟐𝟐

ATCOR
TPU

Before-ATCOR TPU
(Rad.Corr. Etc)

TPU after
ATCOR

SR

𝝆𝝆𝒊𝒊 = 𝑓𝑓(𝝆𝝆𝑻𝑻𝑻𝑻𝑻𝑻_𝒊𝒊, 𝝀𝝀𝒊𝒊; τ𝒂𝒂 ,𝑷𝑷, U𝒐𝒐𝒐𝒐 , U𝒘𝒘𝒘𝒘)



𝝆𝝆 =

𝝆𝝆𝑻𝑻𝑻𝑻𝑻𝑻
𝑻𝑻𝒈𝒈

−𝝆𝝆𝒂𝒂𝒂𝒂𝒂𝒂𝒊𝒊𝒊𝒊𝒊𝒊

𝑻𝑻𝒔𝒔𝑻𝑻𝒗𝒗 + 𝝆𝝆𝑻𝑻𝑻𝑻𝑻𝑻
𝑻𝑻𝒈𝒈

−𝝆𝝆𝒂𝒂𝒂𝒂𝒂𝒂𝒊𝒊𝒊𝒊𝒊𝒊 � 𝑺𝑺

Surface reflectance Equation (  Atmospheric Correction)
,𝑻𝑻𝒈𝒈 = 𝑻𝑻𝒈𝒈

𝒐𝒐𝒐𝒐𝑻𝑻𝒈𝒈𝒐𝒐𝒐𝒐𝑻𝑻𝒈𝒈𝒄𝒄𝒄𝒄𝒄𝒄

𝝏𝝏𝝆𝝆
𝝏𝝏τ𝒂𝒂

=
−𝝏𝝏𝝆𝝆𝒂𝒂𝒂𝒂𝒂𝒂

𝒊𝒊𝒊𝒊𝒊𝒊

𝝏𝝏τ𝒂𝒂
𝑻𝑻𝒔𝒔𝑻𝑻𝒗𝒗 + 𝝆𝝆𝑻𝑻𝑻𝑻𝑻𝑻

𝑻𝑻𝒈𝒈
−𝝆𝝆𝒂𝒂𝒂𝒂𝒂𝒂𝒊𝒊𝒊𝒊𝒊𝒊 𝑺𝑺 − 𝝆𝝆𝑻𝑻𝑻𝑻𝑻𝑻

𝑻𝑻𝒈𝒈
−𝝆𝝆𝒂𝒂𝒂𝒂𝒂𝒂𝒊𝒊𝒊𝒊𝒊𝒊 𝝏𝝏𝑻𝑻𝒔𝒔

𝝏𝝏τ𝒂𝒂
𝑻𝑻𝒗𝒗 + 𝝏𝝏𝑻𝑻𝒗𝒗

𝝏𝝏τ𝒂𝒂
𝑻𝑻𝒔𝒔 + 𝝆𝝆𝑻𝑻𝑻𝑻𝑻𝑻

𝑻𝑻𝒈𝒈
𝝏𝝏𝑺𝑺
𝝏𝝏τ𝒂𝒂

− (𝝏𝝏𝝆𝝆𝒂𝒂𝒂𝒂𝒂𝒂
𝒊𝒊𝒊𝒊𝒊𝒊

𝝏𝝏τ𝒂𝒂
𝑺𝑺 + 𝝆𝝆𝒂𝒂𝒂𝒂𝒂𝒂𝒊𝒊𝒊𝒊𝒊𝒊 𝝏𝝏𝑺𝑺

𝝏𝝏τ𝒂𝒂
)

𝑻𝑻𝒔𝒔𝑻𝑻𝒗𝒗 + 𝝆𝝆𝑻𝑻𝑻𝑻𝑻𝑻
𝑻𝑻𝒈𝒈

−𝝆𝝆𝒂𝒂𝒂𝒂𝒂𝒂𝒊𝒊𝒊𝒊𝒊𝒊 𝑺𝑺
2

τ𝒂𝒂 terms :  F(τ𝒂𝒂 )

𝝈𝝈𝝆𝝆𝒊𝒊
𝟐𝟐 =

𝝏𝝏𝝆𝝆𝒊𝒊
𝝏𝝏τ𝒂𝒂

𝝈𝝈τ𝒂𝒂

𝟐𝟐

+
𝝏𝝏𝝆𝝆𝒊𝒊
𝝏𝝏𝑷𝑷

𝝈𝝈𝑷𝑷
𝟐𝟐

+
𝝏𝝏𝝆𝝆𝒊𝒊
𝝏𝝏U𝒐𝒐𝒐𝒐

𝝈𝝈U𝒐𝒐𝒐𝒐

𝟐𝟐

+
𝝏𝝏𝝆𝝆𝒊𝒊
𝝏𝝏U𝒘𝒘𝒘𝒘

𝝈𝝈U𝒘𝒘𝒘𝒘

𝟐𝟐

+ ⋯

0 0 0

S~f(λ; P, τ𝑎𝑎)

𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 ~f(λ; P, τ𝑎𝑎, 𝛩𝛩)

𝑇𝑇𝑠𝑠 ~f(λ; P, τ𝑎𝑎, θ𝑠𝑠 )

𝑇𝑇𝑣𝑣 ~f(λ; P, τ𝑎𝑎, θ𝑣𝑣 )

τ𝒂𝒂 derivative terms : 𝝏𝝏F(τ𝒂𝒂 )/ 𝝏𝝏τ𝒂𝒂

SR



SZA = 60SZA = 20



Lidar point :     a specific realization
based on measurement uncertainty

True point :    unknown (exist only in the simulation)

TPU :    uncertainty cloud (center : true point)
TPU  ellipsoid

GNSS position uncertainty
IMU orientation uncertainty
Ranging uncertainty
Scanner uncertainty
Boresighting uncertainty

measurement uncertainty  

X



X

Y

Z

SBF (Sensor Body Frame)

SBF
Pd

0θ : 4-th component of
boresighting along with
misalignment angles

0θ
Scanner
Encoder

Direct Georeferencing of lidar point

),( 0θtf=SBF
Pd
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𝑥𝑥
𝑦𝑦
𝑧𝑧

= 𝑹𝑹𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿 ⋅ (𝑹𝑹𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼𝐼𝐼 ⋅ 𝜌𝜌 ⋅ 𝒅𝒅𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 +
𝑥𝑥0
𝑦𝑦0
𝑧𝑧0

) +
𝑥𝑥1
𝑦𝑦1
𝑧𝑧1

𝑿𝑿𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑹𝑹𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿 ⋅ 𝑹𝑹𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼𝐼𝐼 ⋅ 𝜌𝜌 ⋅ 𝒅𝒅𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑿𝑿𝑂𝑂_𝑆𝑆𝑆𝑆𝑆𝑆
𝐼𝐼𝐼𝐼𝐼𝐼 + 𝑿𝑿𝑂𝑂_𝐼𝐼𝐼𝐼𝐼𝐼

𝐿𝐿𝐿𝐿𝐿𝐿

𝜎𝜎𝑥𝑥2 =
𝜕𝜕𝜕𝜕
𝜕𝜕𝑥𝑥0

𝜎𝜎𝑥𝑥0

2

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝑦𝑦0

𝜎𝜎𝑦𝑦0

2

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝑧𝑧0

𝜎𝜎𝑧𝑧0

2

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝑥𝑥1

𝜎𝜎𝑥𝑥1

2

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝑦𝑦1

𝜎𝜎𝑦𝑦1

2

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝑧𝑧1

𝜎𝜎𝑧𝑧1

2

+

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜎𝜎𝜌𝜌

2

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 𝜎𝜎𝜃𝜃

2

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 𝜎𝜎𝑅𝑅

2

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 𝜎𝜎𝑃𝑃

2

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 𝜎𝜎𝐻𝐻

2

+ 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜎𝜎𝜔𝜔

2
+ 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
𝜎𝜎𝜑𝜑

2
+ 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
𝜎𝜎𝜅𝜅

2

𝜕𝜕𝑿𝑿𝑃𝑃
𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝜕𝜕
= 𝜌𝜌 ⋅ 𝑹𝑹𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿 ⋅ 𝜕𝜕𝑹𝑹𝑆𝑆𝑆𝑆𝑆𝑆

𝐼𝐼𝐼𝐼𝐼𝐼

𝜕𝜕𝜕𝜕
⋅ 𝒅𝒅𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆, ( 𝜒𝜒 = 𝜔𝜔,𝜑𝜑, 𝜅𝜅)

𝜕𝜕𝑿𝑿𝑃𝑃
𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝜕𝜕
= 𝜌𝜌 ⋅ 𝜕𝜕𝑹𝑹𝐼𝐼𝐼𝐼𝐼𝐼

𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝜕𝜕
⋅ 𝑹𝑹𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼𝐼𝐼 ⋅ 𝒅𝒅𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 , ( 𝜒𝜒 = 𝑅𝑅,𝑃𝑃,𝐻𝐻)

𝜕𝜕𝑿𝑿𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝑥𝑥0
𝜕𝜕𝑿𝑿𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝑦𝑦0
𝜕𝜕𝑿𝑿𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝑧𝑧0
= 𝑹𝑹𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿,

𝜕𝜕𝑿𝑿𝑃𝑃
𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝑥𝑥1

𝜕𝜕𝑿𝑿𝑃𝑃
𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝑦𝑦1

𝜕𝜕𝑿𝑿𝑃𝑃
𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝑧𝑧1
= 𝑰𝑰.

𝜕𝜕𝑿𝑿𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝜕𝜕
= 𝑹𝑹𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿 ⋅ 𝑹𝑹𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼𝐼𝐼 ⋅ 𝒅𝒅𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆,

𝜕𝜕𝑿𝑿𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿

𝜕𝜕𝜕𝜕 = 𝜌𝜌 ⋅ 𝑹𝑹𝐼𝐼𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿 ⋅ 𝑹𝑹𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼𝐼𝐼 ⋅
𝜕𝜕𝒅𝒅𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆

𝜕𝜕𝜕𝜕 .

Compact version of TPU equations





TPU from a momentary poor PDOP



𝜌𝜌𝑡𝑡𝑡𝑡𝑡𝑡 = [𝜌𝜌𝐵𝐵𝐵, 𝜌𝜌𝐵𝐵𝐵 , 𝜌𝜌𝐺𝐺 , 𝜌𝜌𝑅𝑅 , 𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁 , 𝜌𝜌𝑆𝑆𝑆𝑆𝑆 , 𝜌𝜌𝑆𝑆𝑆𝑆𝑆 ]𝑇𝑇

NDVI =
𝜌𝜌𝑁𝑁𝑁𝑁𝑅𝑅− 𝜌𝜌𝑅𝑅
𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁+ 𝜌𝜌𝑅𝑅

σ 𝜌𝜌𝑅𝑅 σ 𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁

σ𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =  ???

+ 𝜕𝜕𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
𝜕𝜕𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁

|𝜌𝜌𝑅𝑅,𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁 · σ𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁
2

= 𝜕𝜕𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
𝜕𝜕𝜌𝜌𝑅𝑅

|𝜌𝜌𝑅𝑅,𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁 · σ𝜌𝜌𝑅𝑅
2

σ𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 2
Selective 
mosaic

Using TPU

TPU_NDVI

Landsat 8 OLI image

Because it is a derivative-based approach,
as long as the scientific application is based on
analytical formula, it is applicable.

However, non-analytical, e.g. decision tree,
categorical outcome, etc



AOT uncertainty : sensitivity analysis

AOT       SR
0.25     7.35 %
0.35     6.95 %

AERONET



AOT  sensitivity on Surface Reflectance

AOT       SR
0.075     7.4 %
0.065     7.5 %

AERONET



AOT550

SR

TOAR

SR

TOAR

Barcelona\20170817\

TPU

TPU_NDVI NDVI

TPU_NDVI

NDVI



Surf. Refl.

TPU_NDVI

NDVI

SR

TOAR

TPU
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NDVITPU_NDVI


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27

