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Supplementary Material A - WATER modelling overview with required and optional inputs as
well outputs.

1

Required inputs
tem Description

Name of case study.

Type of data.

Focal aperture (nm).

2
3
4

Optical centre.

1

Optional inputs
Item Description

Standard visible light spectrum in RGB.

2 Grade of data correlation.

3 Decimal precision of in the detection of wavelength by pixel.
4 Range of active genes.

5 Number of parts that divide the river.

6 Smooth degree of river edge (px/px).

7 Image edge tolerance (%).

8 Restriction of the useful river-domain (%).

9 Type of adjustment for the lateral bands.

10 | Type of adjustment for the symmetry axis.

11 Type of adjustment for the river width.

12 | Scale factor passing from pixels to meters.

13 Points of a particular cross-section (x1,y1) and (x2,y2).
14 | Plotting.

15 Saving options.

WATER
Module

‘Water extent properties

Item  Outputs

Segmented water body location mask.

S ted water body shape.

=%

Water extent area.

alw o~

Water extent perimeter.

River cross section
Outputs
Cartesian axis that supports the domain of the river.

Type of function. (‘Normal' or 'Inverse')

Functions of the lateral bands of the river.

Confidence interval of the location of the river domain.

Functions of the domain of the river.

Functions of the symmetric axis of the river.

Function of the width of the river.

0N N AW N

Summary of the points and width of each cross section.

Assessment of a particular cross-section

Item  Outputs
1 Points of cross-section (x1,y1) and (x2,y2)
2 River width.
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Supplementary Material B —- WATER modelling framework

Performance of RGB sensor:

Parameters of Camera

+ Attributel: Focal Aperture (nm). Single Slit
+Attribute2: Optical Centre. Diffraction Simulate
-+ Attribute3: Image Resolution.

Quantum Interptetation|

River Cross
Section

Pseudo Genetic
Algorithm

Water Body
Detection

Symmetric Axis
of the Water Body

Regulated Visible
Light Spectrum

River Width

Spectral Interpretation |

River Width
Equation

Water Segment
Mask

Performance of

!
! ]
! '
' . . '
Perfi f
! Image of River in study with their resolution. e Frame of video with pre-processing. .
' | 2| Frame in XYZ system of energy. | ImageInXYZSystem | logical |
1 l
'
'
' E Performance of Sensor RGB Struct y
' 1| Standard visible light spectrum in RGB. c Char -~ 1964 full ' Item  Description Outputs Data type '
1| 2| Grade of data correlation. Correlati Numeric 0,05 002 [ 1 | Kling-Gupta Efficicncy (KGE) of RGB sensor (%). KGE array i
' | 3| Decimal precision of in the detection of wavelength by pixel. | Precision Numeric [0, 1004 ' 2| Root Mean Square Error (RMSE) of RGB sensor (1%). rmse amay '
'
' \ 3 | Energy of CIE Standard by function in XYZ system. EnergyOfCIE array E
h ' 4 | Wavelength (m) of CIE Standard by colorMatch function. WavelengthOfCIE aray '
'
' u 3
'
' F Visible Spectru Struct b
b I Item  Description Outputs Data Type b
' \ 1| Wavelength discrete units of visible spectrum ized by CIE. | Di OfCIE armay s
h ' 2 | Normalized spectrum by CIE standard CIE i function_handle | 1
' \ 3 | Wavelength of Frame. Frame. Wavelength array b
: ll 4 | Normalized energy on frame. Frame.Energy array '
'
' u 3
5 1
' ¥ h
! ]
1 1
'
CIE.Spectrum '
. EnergyOfCIE WavelengthOFCIE o] :
Y - - 1
! 1
! 1
b Regulated Visible !
' Light Spectrum :
' : F
! Spectrum visible by Discrete spectrum .
' standard CIE ey '
' standard CIE
3 Default argument :
'
' + CIFStandard: 1964_full. Performance .
' v evaluation of visible b
b Normalization of b
' Energy in XYZ g
' RGB data system '
! ]
' » Change the Change the Energy in XYZ Unique vatues of e y
' K?ﬁ;";‘;g‘é": " RGB system to XYZ system to system function wavelength capture Spectrum captured F
' LS - XYZ system wavelength of wavelength on frame b
Y Defaults arguments i
' Change the '
b + CorrelationGrade: 0.02. Rz 4
+ Precision: 10M. avelength Energy and '
i S x;?;f.tm VTR .
: J Captured !
] - ]
1 1
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Simulation of Single Slit Diffraction:

SingleSlitDiffraction uint8

Pre in
Single Slit JSocese
Diffraction Simulate
1 | Image resolution CaseStudy Struct ~ ~ 1 | Simulation of Single St Diffraction in Camera.

2| Focal aperture (nm). FocalAperture Numeric [0,0f | 1345047 '
3 | Optical Centre about RGB Sensor. OpticalCentre Numeric ~ ~ b
4 | Energy of CIE Standard by function in XYZ system. | EncrgyOfCIE array = = '
5 | Wavelength (nm) of CIE Standard by function. OfCIE array ~ ~ b
'
'
'
Y

Parameters of Camera

+ Attributel: Focal Aperture (nm).
+ Atribute2: Optical Centre.
-+ Attribute3: Image Resolution.

WavelengthOFCIE

e . Shape the

Space of Single Positive Conical N—— ape th

Slit Diffraction Baraboloid WA AT Tnkensly ER I DORY g
slit diffraction

SingleSlit
Diffraction

Parameters of Camera

+ Attributel: Focal Aperture (nm).
+ Attribute2: Optical Centre.
+ Attribute3: Image Resolution.

Regulated Visible
Light Spectrum

RGB data

Reflectance filter:

Single Slit
Diffraction Simulate

Quantum Interptetation

Spectral Interpretation

Performance of

Water Segment Symmetric Axis
RGB Sensor g

of the River

Textis not SVG - cannot display

Reflectance Pscudo Genetic Water Body Symmetric Axis
Filter Algorithm Detection of the Water Body Section

River e River Width

‘Width on the
Cross Section

e L g L e T et e e e e et et T et e St '

Reflectance Filter Properties

Reflectance
Filter

Root Mean Square Error (RMSE) of RGB sensor (J%). 1 C of genes of the for the Filter. C array

2 | Frame of video with pre-processing uint8 2 | Proximity of Movement Space of Data Centroid to Movement Space of Gaps Centroid. “entroid: array
3 | Simulation of single slit diffraction in camera SingleSlitDiffraction | uint8 3 | Centroids of gaps spatial distribution on cach filter C armay
4 | Coordinate (x,y) of centroid of area conformed by components data. CentroidOfMovementSpaceData array

Quantum
Interpretation

Performance RGB
Interpretation

Data centroid of
each component of
Reflectance Filter

Space of movement
defined by centroid
of data

‘Proxymity

Components of

Reflecsance Fiter BetweenMovement
SpacesCentroids _

Space of movement
defined by centroid
of gaps

Gaps centroid of
each component of
Reflectance Filter

.ComponentRF

Parameters of Camera

+Attributel: Focal Aperture (nm).
+ Atribute2: Optical Centre.
-+ Attribute3: Image Resolution.

Regulated Visible
Light Spectrum

RGB data

Single Slit
Ditfiaction Simulate

Performance of
RGB Sensor

Quantum’ Mterptetation

Pseudo Genetic Water Body Symmetric Axis
Algorithm Detection of the Water Body

Spectral Interpretation

Water Segment Symmetric Axis
Mask of the River

Textis not SVG - cannot display

River Cross

Section River Width

‘Width on the River Width
Cross Section Equation
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Pseudo genetic algorithm:

Paramcter of Camera

ingle St

+ Atiibute: Imsge Resouton

Quantum Interptetation

;m»m»

Spectn nerresion|

Water Body Symmetic A River Cross wias
Detecion of the Water Be Secton D

RGB daa

Prcudo Genetc
Algoritm

o,...m......
nmmm

sy proporional
i i b
WD i e e

“l;\vm.m B
y Removed Index

Equivaent

[Ee— Can
Candidate ¥ Morphologial Equivaent vt e of
Populaion it 1o Max KGE. Enc the Wete Body

ey
ndex Removed (EIWE)

andidate Encrgy
by chromosome Index Removed.

e

Dot e Comds

[y p— ‘Required Arguments

Item  Desc its Equivalent Data type Selecting of Best Jtem _ Descripti -
R L_| Scloced cam EIWB T ! 1 e -_ H

2 amy !

3 v I ey | :

. Ewa | LossOmivetafornation | amay | h

i1 H

Quanity the encry

'RGB bends

it LowOiversorns
‘omOMRiverlaformation

Sccond EIWB > Third EIWB
average of SelctedC

‘Second Prosimity? RiverCentrold
> Third Proximity? RiverCentroid

Third KeepOfRiver nformation
KeepORlverlaformation

Outputs Arguments

L Descrpion Oupus  Datx e
(MR —"
{2 puyShap f e wtrbody

| Kling-Gups Eficncy (KGE) of RGB snsor ().

-

u Item Descrption Daatype Ramge

S T S

catin he
mophologes itng
whin e
ditunc o o

Tt sormad ey rmored Ratio between fct and scond as Union the wesson
th ame betwee o arelesor sam (o RiverDivisons? o ek

i e o gt ot
iy Bewesaiovs

Equation ofdisance
o mcsmoid Smeescunrlds

e

Riverwadt

Spectra Intrprstation

RGBdsm

L ——
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River symmetry axis:

Paramcters of Camera

ribut1: Focal Aperture (am).
Atibute2: Optical Cenire.
+ Atribute: Image Resoluion.

Quantum Interptetation

Water Body Symmetsc Axis River Cross
Detection of the Water Body Section

Spectral Interpretation

Performance of
RGB Sensr

Mask of the weterbody scgmentcd.

Description
s wherefnds the iverdomain
ver band |

Ffunci ! or nverse)

Optinal Argments
jon Inputs Datatype_Range _ Defaulis
| Image cdge tolermnce (%). | ImagebdgeTolerance | Numeric | [0.05[| 0025 |
Resricion f he uscflsvcrdomain (9, | ConfdenccDomain | Nomeric

| TypeOFibmds | Car
Ty of et For sy it Ty Oy | Giar

Water body idenify s shape.

[r——
gradientssame to
ceroin x seit o dta

Discover when the
gradicat s minimum
iy serial of daa

Define of iver

5 Fittng curve
orienation (xor )

of Bands
Selecttheposition Divided n two the

River Bands
e big seres of polygon

Intrpolaion River
Bands

Discover when the Define the river
RESTELES gradicntis minimum domain
i xseia of data

+ ImageEdgeTolerance: 0025

——
gradicatis minimum

iy serial of daa ‘The max and min gradients e DS F——
o that min

[—
gradicntis maximum
nx seralof data.
+ ConfidenceDomsin: [0.109]
[—
gradicnt i maxio
iy serial of daa

s e gy g
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River cross section:

+ Atribute3: Image

RGB data

Parameters of Camera

+ Attributel: Focal Aperture (nm).
+ Attribute2: Optical Centre.

Regulated Visible
Light Spectrum

Resolution.

Single Slit
Diffraction Simulate

Quantum Interptetation

Performance of
RGB Sensor

Reflectance Pseudo Genetic
Filter Algorithm

Spectral Interpretation

Optional Arguments

Required Arguments Struct I
Item Description Outputs Data type Section
' |1 | Axis where finds the river domain. Axis Char
i+ | 2 | Domain function of river. .Domain array
' [ 3 | Values of symmetric axis of river SymmetricAxis array
1+ |4 | Waterbody identify as shape. WaterBody Shape
'
Ll
1

1| Location of domain where you can the river width. | Zone | Numeric | [0,0.5[|  0.025
2| Scale factor from pixel to meter Px | Numeric [0, oof 1

3| Point 1 a particular cross-section (x1,yl). Pointl | Numeric ~ )
4 | Point2 a particular cross-section (x2,y2). Point2 | Numeric ~ [an))

B —

River Cross
Section

Water Body
Detection

Symmetric Axis
of the Water Body

‘Width on the
Cross Section

Point one of cross section in px. Pointl Numeric
Point two of cross section in px. Point2 Numeric
River width in the cross section in meters. riverwidth Numeric

Is empty the Pointl

and Point2

Domain in the Zone

Fitting the
perpendicular linc to
symmetric axis in
domain zone

Select the axis

N Fiting the line regard

[g to pointl and point2

‘WaterBody

Point1 and Point2

Intersection of the
WaterBody with the
line

Scale the river width

e e e e e e eemmeemecmee e e e e mmmmmmmmmmmemem-em=ae====== = JokliAOEWG= 0BAOLIEDKY= = = = = = = m === === mmmmmmemmm=m-=mmmmmm==---===============
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River width:

Required Arguments

Item Description Outputs Data type
1 Axis where finds the river domain. Axis Char
2 | Domain function of river. Domain array
3 | Values of symmetric axis of river. SymmetricAxis array
4 | Water body identify as shape. WaterBody

Optional Arguments

Item Description
Type of adjustment for the river width.

Inputs
TypoOfFitRiverWidth| Char

River Width

Determination of each
river width

Parameters of Camera

+ Adtributel: Focal Aperture (am).
+ Attribute2: Optical Centre.
+ Attribute3: Image Resolution.

Single Slit
Diffraction Simulate

Quantum Interptetation|

Regulated Visible
Light Spectrum

Spectral Interpretation |

Performance of
RGB Sensor

Textis not SVG - canrot display

Symmetric Axis

‘Water Segment
Mask of the River

‘Width on the
Cross Section

1
'
'
1
1| Points one of cross section in px. Points1 amay | |
' 2| Points two of cross section in px. Points2 array !
1 . . . . . N . . 1
! 3 | Equation of River Width in the Confidence Interval EquationRiverWidth  Equation | ,
1 1
1 1
3 '
1 '
1 1
1 1
1 1
1 1
1 1
1
* 1
1
'
'
1
1
Points1 and .
Points2 :
1
River Cross P Fit equation of i
Section Rrlues River Width '
'
EquationRiver 1
Width '
1
Defaults arguments 1
1
+ TypeOfFitRiverWidth: 'linearinterp' !
1
1
1
'
'
1
1
1
1
1
1
1
1
'
'
1
1
~—. 1
L T 1
Sl L R 1
ema 1
e T 1
~——— ,
s T 1
T mmen 1
X 1
Reflectance Pseudo Genetic Water Body Symmetric Axis River Cross TR
Filter Algorithm Detection of the Water Body Section
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Supplementary Material C — Case studies information and performance of WATER

Data partially obtained from the supporting files of Bandini et al. (2021) “A4 drone-borne method to jointly
estimate discharge and Manning’s roughness of natural streams”. Water Resources Research, 57(2),

€2020WR028266.
Characteristics and Properties of the rivers Area (m?) Perimeter (m)
Dis-
Aquatic Veg- Width Px
ID Stream Name charg Slope (-) WATER Manual Error WATER Manual Error
etation (m) (m/pixel)
e (I/s)
High density
1 Egtved A XS1 . 923 0.00160 6.75 0.00590 49.37 49.86 -1.00% 36 46 -20.40%
vegetation
High density
2 Egtved A XS3 . 822 0.00192 5.00 0.00540 50.6 54.15 -6.60% 43 54 -20.00%
vegetation
No vegeta-
3 Egtved A XS4 tion, clean 766 0.00120 6.50 0.00421 40.34 38.61 4.50% 42 58 -27.10%
bottom
High density
4 Egtved A XS2 i 784 0.00069 7.95 0.00570 120.48 117.5 2.50% 70 78 -9.60%
vegetation
Grindsted A | Vegeatation
5 2169 | 0.00128 8.70 0.00590 130.67 140.15 -6.80% 70 74 -4.20%
ST10 patches
. Vegeatation
6 Grindsted A ST8 h 2186 | 0.00082 6.10 0.00501 79.33 77.98 1.70% 63 61 4.10%
patches
Grindsted A | Vegeatation
7 1655 0.00128 7.90 0.00634 130.36 129.06 1.00% 68 86 -20.20%
ST310358 patches
. Vegeatation
8 Grindsted A ST1 h 1592 | 0.00032 8.45 0.00550 96.69 82.71 16.90% 72 82 -12.70%
patches
Grindsted A | Vegeatation
9 2482 | 0.00112 10.20 | 0.00678 163.92 167.01 -1.90% 64 74 -13.60%
ST12 patches
Grindsted A | Vegeatation
10 ST14 h 3640 | 0.00133 11.40 | 0.00841 202.37 182.83 10.70% 108 111 -3.10%
patches
Grindsted A | Vegeatation
11 1866 | 0.00027 6.50 0.00570 86.95 87.47 -0.60% 83 71 16.70%
ST310357 patches
. Vegeatation
12 | Grindsted A ST6 h 1774 | 0.00093 7.30 0.00647 144.88 143.08 1.30% 75 96 -21.60%
patches
. Vegeatation
13 | Grindsted A ST7 h 2182 | 0.00099 7.00 0.00674 128.86 135.52 -4.90% 82 97 -14.90%
patches
. Vegeatation
14 | Grindsted A ST9 h 2543 0.00089 8.80 0.00498 93.55 92.96 0.60% 63 61 3.00%
patches
No vegeta-
Usserad Al . €
15 Brid tion, clean 877 0.00049 6.20 0.00566 55.69 53.59 3.90% 39 45 -13.40%
ridge
£ bottom
No vegeta-
Ussered A Fac- | | €
16 tion, clean 841 0.00210 6.15 0.00406 45.96 48.09 -4.40% 30 38 -20.80%
to!
Y bottom
No vegeta-
17 | Ussered A ST9 tion, clean 999 0.00110 3.86 0.00705 131.19 92.12 42.40% 115 86 34.80%
bottom
No vegeta-
18 | Ussered A ST7 tion, clean 499 0.00210 3.60 0.00428 47.48 55.89 -15.00% 54 53 2.80%
bottom
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No vegeta-
19 | Ussered A ST8 tion, clean | 463 0.00056 4.80 0.00668 133.01 130.95 1.60% 77 76 1.40%
bottom
Vejle A Ving. | Vegeatation
20 _— h 2246 | 0.00150 16.82 | 0.01140 563.26 545.42 3.30% 157 166 -5.80%
patches
Vejle A Ving. | High density
21 . 3053 | 0.00070 17.80 | 0.00521 132.73 104.81 26.60% 86 89 -2.60%
XS1 vegetation
) High density
22 | Vejle A XS3 i 2423 | 0.00240 19.17 | 0.01080 456.72 474.06 -3.70% 175 183 -4.30%
vegetation
) High density
23 | Vejle A XS1 i 860 0.00079 7.00 0.00490 76.88 75.74 1.50% 57 77 -25.60%
vegetation
) High density
24 | Vejle A XS2 . 1145 | 0.00024 14.96 | 0.00840 236.94 250.94 -5.60% 103 126 -17.70%
vegetation
No vegeta-
Verebro Al &
25 Vekso b tion, clean 180 0.00058 3.25 0.00610 77.61 61.69 25.80% 72 68 6.40%
eksg bro
bottom
No vegeta-
26 | Amose A XS1 tion, clean 81 0.00025 3.50 0.00423 47.19 45.47 3.80% 43 44 -2.50%
bottom
No vegeta-
27 | Amose A XS2 tion, clean 830 0.00100 4.40 0.00543 122.45 124.34 -1.50% 79 64 23.30%
bottom
Average | 1477 | 0.00105 8.15 0.00619 135.02 131.93 3.56% 75 80 -6.21%
Max | 3640 | 0.00240 19.17 | 0.01140 563.26 54542 | 42.40% 175 183 34.80%
Min 81 0.00024 3.25 0.00406 40.34 38.61 -15.00% 30 38 -27.10%
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Supplementary Material D - Quantum interference for single slit diffraction

Wave diffraction with optical center x in 1928 (px)
\ \

0
=500 —
=
&
b1
=]
2-1000 -
@
=
=
g
&
1)
]
: 15001 Single Slit Diffraction
= Optical center in (0,0) and diameter focal lens D (nm)
£ ormalized intensity
=
(=4
-2000

-2500
0

640 1280 1920 2560 3200
Resolution width image 3840 (px)
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Supplementary Material E — Contrasting human versus machine performance

ID: 1 - Stream Egtved A X S1

~ WATER

River centroid
|__IManual Segmentation of Water Body
| © River centroid

ID: 2 - Stream Egtved A X S3
WATER
River centroid
[ 'Manual Segmentation of Water Body
© River centroid
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ID: 3 - Stream Egtved A X S4

WATER
River centroid
| Manual Segmentation of Water Body
entroid

WATER
River centroid
| IManual Segmentation of Water Body
@ River centroid
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ID: 5 - Stream Grindsted A ST10

@ River centroid

ID: 6 - Stream Grindsted A ST8

R [

WATER
River centroid e
[ Manual Segmentation of Water Body
© River centroid I
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ID: 7 - Stream Grindsted A ST310358

WATER
River centroid

River centroid
| IManual Segmentation of Water Body|
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ID: 9 - Stream Grindsted A ST12

River centroid
[ IManual Segmentation of Water Body|
© River centroid

WATER
River centroid b
[ IManual Segmentation of Water Body
@ River centroid
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ID: 11 - Stream Grindsted A ST310357

WATER

River centroid
[ 'Manual Segmentation of Water Body !
| @ River centroid i

TR T R TN
WATER -
River centroid |

[ Manual Segmentation of Water Body |

@ River centroid I
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ID: 13 - Stream Grindsted A ST7

N——
WATER
River centroid
[ 'Manual Segmentation of Water Body |
© River centroid k

ID: 14 - Stream Grindsted A ST9

WATER
River centroid \
. Manual Segmentation of Water Body
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ID: 15 - Stream Usserod A Bridge

WATER

River centroid
| IManual Segmentation of Water Body |
@ River - :
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ID: 17 - Stream Ussered A ST9
WATER
River centroid

River centroid
[ Manual Segmentation of Water Body |
© River centroid
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ID: 19 - Stream Ussered A ST8

WATER
River centroid
[ Manual Segmentation of Water Body
@ River centroid

WATER
|  River centroid ’
[ 'Manual Segmentation of Water Body ’
© Rive i

S
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ID: 21 - Stream Vejle A Ving. X S1

WATER
River centroid
[ Manual Segmentation of Water Body
| ® River centroid

-

WATER )
River centroid L

[ IManual Segmentation of Water Body|
© River centroid g
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ID: 23 - Stream Vejle A X S1

WATER
River centroid ]
[ Manual Segmentation of Water Body

WATER
River centroid
[ 'Manual Segmentation of Water Body |
© River centroid 1

%
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ID: 25 - Stream Varebro A Vekse bro

WATER
River centroid
| IManual Segmentation of Water Body

WATER
River centroid
| IManual Segmentation of Water Body
© River centroid
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ID: 27 - Stream Amose A XS2

WATER
River centroid
|__IManual Segmentation of Water Body






