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o _ € MAPEO
Drone data acquisition and processing OW was

End Product Op"°" 2

Q’ M A PEO a
Raw Data o _> N —

Radlometry

m Georeferencmg
Water-leaving Reflectance

a \
Option 1\
Research
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09
Image acquisition - Flight protocols oo NAPEO

1. Avoid sun glint:
- Don’t look nadir
- Look away from the sun

2. Include calibration panels in
absence of irradiance sensor (DLS)

RPAS: Remotely Piloted
Aircraft Systems
Deployment and Operation

N =

3. Collect RAW data

https://zenodo.org/records/7461923

»~vito  NPLE




MAPEO

WATER

Data upload tool — Metadata

Location, name, ..

i Sensor(s)
‘8 Relative height difference between take-off location and water level.
MONOCLE

Drone data upload tool:
Field software

R T




@ MAPEO

Data upload tool — Metadata OO e

_ L 3. Product and processing options
2. Flight description

Imaging Reader 0.9.26

Mission Creation - Step 4/4 : Product and processing options
Workflow type O Predefined (® Remaote config O Local config file

Mission Creation - Step 3/4 : Flight description [UU
[ Fiight
W[ o o
Im lecti sate ) () processing confs:
. age seijection Time (i) )
Mission Creation - Step 2/4 : Image selection

Flight nb
Altitude Water level E
Altitude take-off location

Flight description Some extra info about mission

[ Operator
Name P

Email

[~ Camera
INStype
Camera type

Quality checks

Camera offsetx {cm)

Camera offsety (cm)

Camera offset z (cm)

eometric points " .
fage selear Camera angle x
[ Selectimage fader |10 mas e v G - 4015 sps cooranates o €956 of GP coords ) Quality checks
Mouse mode O View image O Select Start ® SelectStop O+ O- ON Toad new file || Remove 6Cs | Camera angle y (*)
Select GPS [ ] epso[zm || [rvme Name X Height maAWL Camera angle z " " +
Flight height m o AR, 12893 %91 glez () All fmages have valid long/lat/alt coordinates? @
j =i AR 36...| 17893 #6914 Irradiance sensor
rs? inages (2203 [ R ) Rt
@ fmeo_st s 1408081113 \ \A Irradiance senser type Dis-1
e All images have non zero size? @
@ oo - | | Irr. sensar vector coord x
@ [osoorss 2l lv | Irr. senser vector coord y : g
All images are taken within 1.0 hour?
[ previous | Next || Fihich Cancel Irr. sensar vector coord z

Rogat() S t height remains constant within a range of 10.0 m? ® Min, altitude: 109.05m. Max. altidude: 238.3

Serial

,n
5
B
Kl

&
&

Serial Lens (%)

All images have a valid shutter speed? @

All images have a valid 1507 @

[previous | Next || Finish |

Hb of images with calibration panels: 0 ®

7& vito



Data Processing

7& vito

NPLE

MAPEO

WATER

‘ Reflectance

\

Direct
georeferencing

N/

1



Data Processing

az b — PBL
= k — %k
Leamera = V(x,y) g t,+ ay— ast,y
-V = vignetting model
- G=gain
- Te = exposure time
- a1, a2, a3 = calibration parameters

7& vito

NPLE

09
oo "APEO

’ Reflectance

\

Direct
georeferencing

N/

1



P — PBL
te + ay — a3tey

a;
Leamera =V (x, 3’) * ? *

-V = vignetting model

- G=gain

- Te = exposure time

- a1, a2, a3 = calibration parameters

f vito

NPL




MAPEO

WATER

Data Processing

o = 7 Leamera 1 7(60y) Lsky (65, @)
Y =

Reflectance

Direct
georeferencing

\  /

1




Data Processing

Sky glint: d1

p _ T Lcame'ra I T(QU)LSky(QU’ (pv)
w = —

E d E, Difference bet'ween sun (a) and sky (b) glint in UAV
image. [Lee et al., 2025]

-n,smu'
Inasﬁm

d1(BLUE)
i 'nm‘r

Sky glint correction with MAPEO-Water: View Zenith
Angle (VZA), Relative Azimuth Angle (RAA).



MicaSense RedEdge-M Spectral Response

MicaSense RedEdge-M camera

[ (M0 W B ‘ Characterization of the spectral response curves at NERC-FSF, 2018

o et ot e - Camera (solid line with dots)
° @ m o= e m m om om o= o - Irradiance sensor (solid line)

- Filter transmissivity, provided by MicaSense (dotted lines)




Water leaving reflectane

o

)

w
1

o

=

o
1

o

o

v
1

o

o

o
I

Validation

Vaszpréem

#agacsonytoma

Fonyoa

Lengyeiiot

mMareal

i

Lake Balaton Kis —Balaton

™,
—s% Drone ¢ 0.04 - AN A
R -—- wos | £ AR A
LN 9 003 I[/ R RN 4 \
<N @ r/ N NP N\
s N 5 1 N, RN\ \
¢ W 2o02{ [/ N W\
¥ 3 /! \
N, Q 'y A
RS 5 0.014 / A
N 3z / —-= Drone N\
Sm— iy : Y
N = --- TOS \
‘ 0.00 A -
475 560 668 717 850 475 560 668 717 850

Wavelength (nm) Wavelength (nm)

Drone pw

Drone pw

— Water-Leaving Reflectance

475 nm

Y =121X+ -0.004 &
R? = 0.96 P

0.10 1RrMsE = 0.01

0.08 /
0.06 - s
0.04 /

0021

0.00 /"%

0.000 0.025 0.050 0.075 0.100
TriOS pw

668 nm

Y =0.88 X + -0.001
0.10 {R2=10.93
RMSE = 0.01

o o ot

o o o

B & o
1 1 1

0.02 A

0.02 0.04 0.06 0.08 0.10

TriOS pw

@® MAPEO

“ WATER

560 nm

0.16 A
Y =1.03 X +-0.004
0.14 {R?=0.98

RMSE = 0.01

0.12 A
0.10 4

0.08 ~

Drone pw

0.06 A * o

0.04 -

0.02 ~

0.10
Tri0S pw

717 nm

0.05
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0099y _0.7x +0.0
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0.07
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2

S 0.04
0.03
0.02
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Data aggregation — Turbidity

Turbidity Mean Turbidity Std

Rupelmondse Creek (BE)  Lake Marathon (GR) Rupelmondse Creek (BE) Lake Ma

i o

rathon (GR)

S51°7"37"N

S1R14"E o1RMISVE = ~
e s 4718 14"E 4°1825"E 23°54'11"E 23°54'22°E

>400 NTU
160 NTU
120 NTU
80 NTU
40 NTU
19.2 NTU
96 NTU

B 0.00 NTU

29°272

Danube Delta (RO)

2°2'17°E 29°224°E

Danube Delta (RO)

7& vito NPL




Rupelmondse Creek (BE) Lake Marathon (GR)

Validation — Turbidity

70 1Y = 1.08 X + -2.462
Rz =0.71
60+ RMSE = 10.13
& 50 - Y/
2 g ' ) 2395422
S 40 4
o]
=R 3 — >400 NTU
v 397 @ Balaton
& 160 NTU
e 20 4 § ® Noordzee
= ® Rupelmonde 120 NTU
10 - r ® Marathon 80 NTU
™
® Danube z 40 NTU
0 1 1 1 T I 1 ] :(\.E
0O 10 20 30 40 50 60 70 g 19.2NTU
In Situ Turbidity (FNU) 96 NTU
B 0.00 NTU

LLHE 29°2"24"E

Danube Delta (RO)

7& vito NPL




"@context": "ht

"type": "Feature",
a a e a a a wid®: op:VITO:MONOCLE:20190703_Balaton_FOl_MSREM RGB_sub",
] "geomet {

"type": "Polygon",
"coordinates®: [

GEOSJON metadata standards E [ '
- Geometry info T [ '
- Data acquisition T g et e
- Data processing 1 |

- Processing workflow St
- Platform o |

1.
"properties™: {(

"status": "ARCHIVED",

S "date": "2019-07-03T10:40:21Z",

= ensor "updated”: "2020-06-10T21:24:41Z",
"available": "2020-06-10T15:26:542",
"published": "2020-06-10T15:26:542",
"parentIdentifier"™: "urn:eop:VITO:MONOCLE",
"title": "20190703_Balaton FOl_MSREM RGB_sub",
"identifier”: "u eop:VITO:MONOCLE:20190703 Balaton FO1 MSREM RGB_sub",
= | "acquisitionInformation”: [
= i
= "platfor:
"platformShortName": "RPAS",
"platformSerialldentifier": "DJI Phantom 4 pro"

I}
1L

i
I:| "sensorType": "OPTICAL",

f vito



Drone data complementary to in situ data
Location A-10:05 UTC

51°26.47'N
51°26.47'N

51°26.44'N
51°26.44'N

3°8.34E 3°8.40'E 3°8.34E 3°8.40E

Location B - 12:32 UTC

Turbidity (FNU)
& ¢
[ |[Tur(®NU) -A | Tur (FNU) -B & 3
S2 19-21 15 & &
v w
Drone Plume: 40—60 05-5

Backgr: 30—40
IS 51.6 (40.7-58.6) 2.5

51°31.32'N
51°31I.32'N

2°52.08'E 2°52.14'E 2°52.08'E 2°52.14'E
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Challenges

Vignetting

: Sun glint
Varying light
White caps
Bottom effects
" Dynamic
Geolocation
Low signal



Drone Chl-a (ug/L)

Validation — Chl-a

100
Y=112 X+ 2.491 g,
Rz =0.93
80 1 RMSE = 9.34
60 ~
A
40 - B
P
7/
20 - // ® Rupelmonde
/¢ ® Marathon
’, ® Danube
0 1 T 1 T
0 20 40 60 80 100

In Situ Chl-a(pg/L)

7& vito

Lake Marathon (GR)

Rupelmondse Creek (BE)

A

7 4°18'14"E 23°54'11"E

=400 pg/l
160 pg/l
120 pgl/l
80 pg/l
40 pg/l
19.2 pg/l

9.6 g/l
B 0.00 pg/!

29°2'24"E

NDﬁrEEDelta (RO)

29°2'17"E



Data Processing

Sky glint — impossible to avoid

=« Sunslint: Figure 16. Figure illustrating difference between sun (a) and sky (b) glint in UAV
g : images (source: Lee et al., 2025) [48]
* Caused by direct sunliﬁht reflecting off the
water surface toward the sensor.
* Highly dependent on sun-sensor geometry
and water surface conditions.
+ Often appears as localized bright spots in
images.
) VZA
" Sky gllnt: -ln,snm'
+ Originates from diffuse sky radiation i
reflecting off the sea surface. sastzn

© Affects every pixel due to the hemispherical
nature of skylight reflection.

» Sky glintis unavoidable, while sun glint can
be minimized by adjusting viewing geometry.

+ Diffuse sky radiance: Has a different
spectral signature than direct sunlight. Is i
weaker in intensity but variable due to ' |
changing wave facet orientations.

Figure 14. Sky glint correction with MAPEO-Water: View Zenith Angle (VZA);

% VIto Relative Azimuth Angle (RAA); d1 for BLUE band with d1 — ""‘;z;'z(” ;a1 for NIR

band



