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Objectives

Differenciate olive varieties

®
General goal

Develop a precision agriculture
methodology based on @

hyperspectral analysis for the
differentiation of olive varieties.

Optimize agricultural management Automated process

through accurate variety

identification across large areas of
land.

Optimize agricultural management




CONTEXT

Importance of the Study

Accurate identification of olive tree varieties is essential to ensure product
quality and to optimize agricultural management by adjusting inputs and
irrigation practices according to the specific characteristics of each variety.

MANUAL AND
RUDIMENTARY
PROCESSES

MEDIUM-SCALE
COVERAGE

FRAGMENTED
MANAGEMENT
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Drones provide an
intermediate
resolution—higher
than satellite imagery
but lower than
laboratory analysis.

Agricultural Olive grove

management must be

tailored to each IRRIGATION MANAGEMENT
variety to optimize

technicians rely on
manual or imprecise
methods to identify

olive varieties. productivity. HERBICIDE APLLICATION

HARVESTING SCHEDULES




CONTEXT

HYPERSPECTRAL TECHNOLOGIES

HYPERSPECTRAL IMAGING (HSI) AS A FUNDAMENTAL TECHNOLOGY IN PRECISION
AGRICULTURE
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wavelength

n (nm)
Visible light NIR

1000 nm

400 nm

Spectral resolution captured
with the sensor

This ability to detect subtle differences across the full spectrum is highly valuable for
identifying slight variations in the biophysical or biochemical properties.



CONTEXT

HYPERSPECTRAL TECHNOLOGIES

HYPERSPECTRAL IMAGING (HSI) AS A FUNDAMENTAL TECHNOLOGY IN PRECISION

AGRICULTURE

Hyperspectral Data
Acquisition Methods:

« Point Scanning
« Line Scanning

« Snapshot Scanning

Sensor hiperespectral

Each pixel contains
spectral information.

@> . Each material may
pr— exhibit a distinct

# spectral response.

The sensor
captures a
line that is E
1 pixel wide ¢
by n pixels ®
long. ° -

Spectral
dimension

Spacial
strip



CONTEXT

LiIDAR TECHNOLOGY

NECESSARY FOR THE CORRECTION OF HYPERSPECTRAL DATA

LIDAR is an active remote sensing
technology that uses laser light pulses to
measure distances and generate detailed
three-dimensional representations of
objects and environments.

Generated products:
e High-precision point clouds
e Digital Elevation Models
(DEM)
e Digital Surface Models
(DSM)




The following sensors

Materials and equipment e incorporated into a

single UAV platform:

- Hiperespectral

Nano Hyperspec - LIDAR
VNIR « RGB camera

Phoenix LiDAR
scout-Ultra

Phoenix LiDAR
A6K-Lite
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Map of the varieties present in t

ne experimental farm:
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PICUAL

/ Properties of varieties
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Arbequina

Picual

Picual
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Picual
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METHODOLOGY LiDAR DATA

LIDAR DATA PREPROCESSING
Hyperspectral image

LiDAR DATA pre-processing

>

Vegetation index
calculation

HYPERSPECTRAL DATA PREPROCESSING
_ —

Geometric

Raw data | | correction

-
V':u T @

"

Segmentation of olive
trees

—
HYPERSPECTRAL

DATA

Shadow pixel filtering

Hyperspectral pixel
classification method

ey
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Orthorectified EVI vegetation DBSCAN

Manual filtering

image selection segmentation




METHODOLOGY LiDAR DATA

Hyperspectral image
pre-processing

LiDAR data preprocessing

Flight path Unfiltered point cloud
12



METHODOLOGY

LiDAR data preprocessing

Digital Surface Model (DSM)

LIDAR DATA

Hyperspectral image

pre-processing

13



DAR DATA

L

METHODOLOGY
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METHODOLOGY LiDAR DATA

Olive tree segmentation Hyperspectral image

pre-processing

Vegetation index
calculation

Segmentation of olive
trees

NIR — Rojo
NIR + 4 - Rojo — C5y - Azul + L~

EVI=G-

[}

1 "'2‘.

...ﬁ.fs.'-i..f::-'
EVI vegetation DBSCAN
¢ —> .
selection segmentation

Orthorectified - Manual filtering
image
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METHODOLOGY LiDAR DATA

Olive tree segmentation Hyperspectral image
pre-processing

Vegetation index
calculation

Segmentation of olive

Orthorectified 3 EVI vegetation 3 DBSCAN Manual filtering
image selection segmentation




METHODOLOGY

Olive tree segmentation

ID_TREE

AREA (m2) VARIETY

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

10,024
2,978
4,514
7,274
9,702
4,045
11,784
6,600
9,763
8,543
9,056
9,484
7,965
6,554
7,447
9,617
9,380
12,412
5,958
10,126
8,187
8,433
7,857
12,282

36-41
36-41
36-41
36-41
AR
AR
AR
AR

Pl

Pl

Pl

Pl
30-65
30-65
30-65
30-65
39-14
39-14
39-14
39-14
Pl

Pl

Pl

Pl

In this process, in addition

to isolating the geometry

of each olive tree, data

such as the area and

variety of each tree are also

correlated.

36-41

oo

Arbequina

Picual

LiDAR DATA

Hyperspectral image
pre-processing

Vegetation index
calculation

Segmentation of olive
trees

30-65

[ IT

39-14 Picual
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METHODOLOGY

Pixel filtering according to reflectance Hyperspectral image

Two methods
are used for
filtering low
reflectance
pixels

Filters out
pixels with

reflectance in
a specific

0,1

0

~—> ¢ Filtering according to NIR reflectance

o f
o}
high o]
o

band (NIR) oaf

LiDAR DATA

pre-processing

Vegetation index
calculation

I Segmentation of olive
trees

Shadow pixel filtering

il

| Ii ']\,,il'.-:-’ﬂ'w LN Tt 'h'*-"m "ﬂ\'m"m""*"l"f ".,l"".-.r\'\'"w.'lk A —vf:
N | N N | N N N | N N N

N N N N N N N | N
430 560 540 720 a00 a0
Wavelength {nm)

“—> « Filtered by standard deviation

The spectral mean and standard deviation are calculated for each olive tree.

Each pixel in the tree is compared to the spectral mean and standard
deviation, thus eliminating the most dispersed data.
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LIDAR DATA

METHODOLOGY

Pixel filtering according to reflectance

Hyperspectral image
pre-processing

e Filtering according to NIR reflectance

Vegetation index
calculation

Segmentation of olive
trees

Shadow pixel filtering

ver @ reflectance point 1 [ @ reflectance point 1
@ reflectance point 2 oeF @ reflectance point 2
o5 @ reflectance point 3 @ reflectance point 3 W
@ reflectance point 4 sk @ reflectance point 4 Il
0,4 |
04k
0,3
0,3 r
0,2
0,2
0,1
0,1
.I||
o 1 1 1 1 1 1 ' 1 1 1 1 1 1
430 560 540 720 800 330 430 560 540 720 800 830
Wavelength {nm) Wavelength {nm)
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METHO

Pixel filtering according to reflectance

DOLOGY

e Filtered by standard deviation

0,6 -
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0,4

0,3

0,2

0,1
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@000
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0000
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At

: AN
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Wavelength (nm)

1
880

Hyperspectral image
pre-processing

Vegetation index
calculation

Segmentation of olive
trees

Shadow pixel filtering

LIDAR DATA
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METHODOLOGY

Pixel filtering according to reflectance

Reflectance

0.6 -

0.5 A

0.4 1

0.3 A

0.2 1

0.1 -

0.0

- Spectral mean for olive tree 401

Standard deviation

0 50 100
Bands

150

200

Hyperspectral image
pre-processing

Vegetation index
calculation

Segmentation of olive
trees

Shadow pixel filtering

LiDAR DATA
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METHODOLOGY

Pixel filtering according to reflectance

Reflectance

0.7

0.6 -

0.5 -

0.4

0.3 9

0.2 -

0.1 -

0.0

- Spectral mean for olive tree 401

Standard deviation

0 50 100
Bands

150

200

Hyperspectral image
pre-processing

Vegetation index
calculation

Segmentation of olive
trees

Shadow pixel filtering

LiDAR DATA
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METHODOLOGY

Pixel classification method

To enable the comparison of data from different olive trees and
determine whether they exhibit similar behavior, a range-based

classification system is proposed.

Valor reflectancia

0.6 1

0.5 +

=
o+
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=
w

0.2 1

0.1 1

Signatura Espectral: Media, Percentiles y Rangos

—_— Media
—— Percentil 10
— Percentil 90
-=- Rango 1
—=- Rango 2
-=—- Rango 3
——- Rango -1
-—- Rango -2
-=- Rango -3
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e
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. LY

! ! ! I I
0 50 100 150 200
Bandas espectrales

LiDAR DATA

Hyperspectral image
pre-processing

Vegetation index
calculation

Segmentation of olive
trees

Shadow pixel filtering

Hyperspectral pixel
classification method

23



METHODOLOGY LiDAR DATA

Pixel classification method Hyperspectral image

To enable the comparison of data from different olive trees and pPre-processing

determine whether they exhibit similar behavior, a range-based
classification system is proposed.

Vegetation index

calculation
Signatura Espectral: Media, Percentiles y Rangos
- [ [
— Mean 1 Range -1 | Rangﬂe;,z , ]
Percentie 10 ! ! ! l | Segmentation of olive
0.6 - T Percentile 90 : Mean : Range3 : Range-1 : ) ,»'”=” o
e 2 | Range | | 5 VA trees
Eanguef : : I Y, |{ g
o5  Range- I a1 e
Rangue -2 I I | e . . .
e ! ! ! - | Shadow pixel filtering
. : : 74 :
g | | | | l I H tral pixel
% : Range-3 : : : : : yperspec ral pixe
= | I I i i I classification method
D 03 I I I I | i
I | | | | 1
I | I | | i
1 | | 1, 1 i
I I I 1/ I I
0.2 - 1 1 o | i i
I e 1/ | I
I et s 1/} I I
RS : :
| | 1 | i i
B I L - i L
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Spectral Bands 24



METHODOLOGY

Pixel classification method

In order to compare data from different olive trees and assess

whether they exhibit similar behavior, a classification system based

on value ranges is proposed.

ID_OLIVO Variedad Rango 0 10 20 30 40 50 60 70 80 90 100 .. 217
401 36-41 Rango max (Rango 3 a 10.0) 19.23 19.86 18.29 18.92 18.29 18.56 17.70 18.86 17.95 18.66 18.03 ... 3.10
401 36-41 Rango 3/ Rango 2 13.56 9.60 793 9.56 8.06 7.90 881 8.02 746 6.73 7.54 ... 444
401 36-41 Rango 2/ Rango 1 16.87 13.31 10.50 10.14 10.46 10.37 10.62 10.96 10.97 11.00 8.87 ... 8.91
401 36-41 Rango 1/ Media 15.5516.2516.19 15.32 15.00 13.95 14.28 12.10 12.82 12.42 12.88 ... 14.06
401 36-41 Media / Rango -1 13.05 15.07 16.11 15.14 13.80 16.60 13.73 14.71 13.63 13.28 11.79 ... 16.82
401 36-41 Rango -1/ Rango -2 10.50 12.12 13.34 14.71 15.85 14.02 15.25 15.57 16.85 16.85 17.56 ... 17.41
401 36-41 Rango -2/ Rango -3 6.04 7.65 10.3610.17 10.9010.1410.8511.2912.3513.18 14.39 ... 15.01
401 36-41 Rango min (0.0 aRango -3) 5.20 6.13 7.29 6.04 763 846 875 849 798 7.89 8.96 ... 20.27

LiDAR DATA

Hyperspectral image
pre-processing

Vegetation index
calculation

Segmentation of olive
trees

Shadow pixel filtering

Hyperspectral pixel
classification method
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METHODOLOGY
Pixel classification method

In order to compare data from different olive trees and assess
whether they exhibit similar behavior, a classification system based
on value ranges is proposed.

Clasificacion de Rango - Olivo 401, Banda 20

Rango max (Rango 3 a 10.0)
Rango 3 / Rango 2

Rango 2 / Rango 1

Rango 1/ Media

Media / Rango -1

Rango -1 / Rango -2

Rango -2 / Rango -3

Rango min (0.0 a Rango -3)
MNo Clasificado

LIDAR DATA

Hyperspectral image
pre-processing

Vegetation index
calculation

Segmentation of olive
trees

Shadow pixel filtering

Hyperspectral pixel
classification method
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RESULTS

Classification of proportions with ranges

Rangod S Rango 2 Rango 2 fRango 1 Rango 1/ Media Media / Rango-1 Rango-1/ Rango-2 Rango -2 / Rango -3

30

25

20

1

n

1

]

5
o
BD NiD W20 NS> N4D N5D NGO BYD MED NS0 EN100 Ei110 E120 Ei12S 150 W135 m140 145 Wi50 N155 Wi60 N170 WIBE0 N150 W00 W 210 27
Number of pixels within an olive tree that fall into each defined range.

The proportions of pixels per spectral band for each created range are represented in column format.

The sum of all ranges per band represents 100% of the proportion.
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VARIEDAD 36-41 VARIEDAD ARBEQUINA VARIEDAD PICUAL

RESULTS
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Classification
of proportions

= % g g1 wiN g8 wi% 0 e 8100 Bl SN SUS =19 S8 500 S SIS S 1S Sl @i S =1 =i el

Wit ranoes g o k) i)

22 =s—) [——yr— g 5/ hagn 2 g § /g |

Within each
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similar trends | REE | SRR e
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distribution.
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RESULTS

29

Classification
of proportions
with ranges

Within each
group of the
same variety, the
graphs exhibit
similar trends
and behaviors
in their spectral
distribution.

VARIEDAD 36-41 VARIEDAD ARBEQUINA VARIEDAD PICUAL
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RESULTS
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RESULTS

Classification
of proportions
with ranges
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410 (PI) 3 1l . .t . . . . . . . . . . . . . 7.0

411 (PI) 8 75 1.7 8. . 3 . . . . . . . . | 2 14

SYICIE 8.7 76 7.8 88 7.6 8. 4 75 . . . . : . : 4 15

413 (30-65) =8 7.9 78 88 76 . 4 75 74 69 7.3 . . . : . | .4 1.6 . 7.4
414 (30-65) SRRV R R N | : 8.0 8.7 . 78 1 1.7 7.3 76 . . . . . 3. 79 8.6 7.8
CEEEGEE 11.3 10.5 10.6 11.4 10.5 11.0 11.8 10.4§10.3 10.0 10.2 10.3 X . .6 11.0 10.4 11.0§10.3
416 (30-65) KT AT X R - A A 2 93 73712 60 711 7.2 . - 3.9 82 74 8.1 7.2
417 (39-14) IR RS- 9.3 9.9 0.8 9.1 . 8.7 . 9.1 . - . 6.2 6.1

418 (39-14) EERCEEN: RN W .6 8. . 7.9 .2 8.4

419 (39-14) J:R: . 7.9 8.5 . 3.2 . . . 7.0

P NEEBER 04 84 86 95 8.4 9 : 2 78

421 (PI) %8 . 7.8

422 (Pl)

423 (PI)

424 (PI)




CONCLUSIONS

HSI TECHNOLOGY IN PRECISION AGRICULTURE

. Allows the detection of subtle differences
classification.

In crops and olive varieties
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