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Experiences of grass stand yield and quality

estimation by drone from previous projects

-Yield (DMY) and quality (D-value) are possible to
estimate based on drone data and machine
learning

-Accuracy is enough to optimaze harvesting time
(RMSE ~2-3 days of growing in primary growth)

- Spectral data (VNIR 46 bands) were suitable for
the DMY and D-value estimation, 3D data was
suitable especially for DMY and height of grass.

Viljanen N, Honkavaara E, Nasi R, Hakala T, Niemeldinen O, Kaivosoja J. A Novel Machine Learning Method for
Estimating Biomass of Grass Swards Using a Photogrammetric Canopy Height Model, Images and Vegetation Indices
Captured by a Drone. Agriculture. 2018; 8(5):70. https: i.org/10. ricultur 7

Oliveira, R. A, Nasi, R., Niemeldinen, O., Nyholm, L., Alhonoja, K., Kaivosoja, J., .. & Honkavaara, E. (2020).
Machine learning estimators for the quantity and quality of grass swards used for silage production using
drone-based imaging spectrometry and photogrammetry. Remote Sensing of Environment, 246, 111830.
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https://doi.org/10.3390/agriculture8050070

Experiences of grass stand yield and quality
estimation by drone from previous projects

 To improve:
» Generalization of the method to real farms needs developments

Handle different grass mixtures
Different growing conditions

->Machine learning model needs data for whole phenomenon

-> More data
« Optimization of spectral data (new sensors e.g. SWIR)

 Enhanced machine learning techniques
Deep neural network techniques
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Grass stand yield and quality estimation by drone
data and machine learning - concept

Methods
1. Geometric processing
Point cloud
Georeferencing, | Point cloud processing
Point cloud -CHM calculation
generation iop eop.\ 2. Radiometric
Point cloud \processing
-Sensor, atmospheric,
Images, illmination corrections
Flight trajectory, -Mosaic calculation

GCPs

Irradiance, reflectance
of reference panels

3. Feature extraction 4. Estimation and classification

i Definition of using machine learning iﬂesgltls'
odel,
eé‘t';acfet‘fl are"’:cs Algorithm and feature selection, Accurac
—aicuiation ot fFeature . Trajning and validating the model i
spectraland 3D | sets (3D,
feat\_"?? spectral)
Reflectanc ;eDae::Jf;:l?er;:f Mapping of extended areas| Estimation/
Mosaics -Applying the model to Classification
unknown individuals map
-Visualization
Variables
Input Output
Material Results

Figure: Nasi, R. (2021). Drone-based spectra
Dissertation, Aalto University, School of Engi

FINNISH GEOSPATIAL RESEARCH INSTITUTE FGI

lLand 3D remote sensing applications for forestry and agriculture. Doctoral
neering. http://urn.fi/URN:ISBN:978-952-64-0613-8
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Drone data collection 2021

Drone data collection from South Ostrobothnia trials for CyberGrass I
-14 flights, RGB, Multispectral, Hyperspectral (AFX10, AFX17)

-1 farm

-Trial sites in Ylistaro and Isokyro

Date 2021 Type Place Sensor
10.6. Plot trial Boreal Isokyré Jauri RGB-MS, Luke Alaharma
10.6. Plot trial Boreal Ylistaro Pelmaa RGE-MS, Luke Korsholm
10.6. Primary growth (1) | Farm Sillanpda RGE-MS, Luke Mustasaari
RGB VAASA
MS "o Vora
AFX10 VASA -\ ovri
2117 Plat trial Boreal lsokyrd Jauri AFX1T « Boréal
RGB ‘ /
Isokyro P
Ms Isokyro Slllanpaa farm, Yliharma,
AFX10 Malax — b'yr‘o
217 Plot trial Boreal Ylistaro Pelmaa AFK1T Maalahti o U a Kauhava
RGB b 3 Laihia
27 Farm ¥lihdrms-Sillanpas Navetta MSs Laihela . vlistaro Gtapua
nGE istarc Lappo
227 Regrowth (2] Farm Ylih&rma-Sillanpas Kairoo WS B l AFE
RGE orea
e Yl|staro /
|
15.9 Plot trial Boreal Isokyrd Jauri AFX1T %Mb% “Nurmo Kut
RGB
MS Portom
AFX10 Pirttikyla Jurva ”maJOk' ; . md §
J : b 4
159 Regrowth (3) Plat trial Bareal Ylistaro Pelmaa ARX17? W siiiiiididil N T e s N N s it O NN 2 l l l t e ' ' c”
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Drone data collection 2022

-44 flights
-Drones were flying 168km in the project
-19 datasets from 8 different farms (RGB, MS)

-Full time series from Isokyrd and Ylistaro trials (RGB, MS, « °
S)

Late 2022 _ — Komkenoja Jalasgrvi, 164 RGE
Koskenoga Jalasgar, 164 RGE 1873023 — S
Lo Farm, & - | Coskenofa Jalasgarvi, 164 RGE
R — Koskeno sgarvi, 164 RG
i ) Koskenofa Jalasjar, 164 RGE L8 7303 Farrr WS
_ 66 | N EeTE——— 'r"fn Heikla, lmajaki, 14507] RGE
e . [T 18.7.2022 Farm S
A AT -1
— Sillanpdd, Yliharmi, 871 RGE
Heila, limajaki, 14507] RGE o _ e =
i . s 19.7.2022 Farm MS
E— - Sillanpdd, Yliharma, 004 RGE
BlaFirma T o
. i Azpila, Alahiarma, 00408 BGE 19.7.2022 Farm ME
76 Farm: S —_— P -
Sillanpid, Yiiharmi, 971 RGE - ) Aspila, Alabidrms3, 00403 R:’E
76 arm S e Farm MS
K ' 5339 B3
Sillanpid, Yliharmi, D04 RGE (otala, Lapua, 40825319 RGE
197 Farr "
76 —— M5 19.7.2022 a8 : _ S
Notala, Lapua, 0825119 RGE i ) Sarvunen, llmajoki, 1450 BGE
76 e WE 20.7.2022 Farm MS
Aspila, Alahirma, 00404 RGB Boreal Bokyrd Jauri RGE
106 Farm s M=
Patama, Weteli RGE AFX1D
106 Earrm WE 25.7.2022 Plot tria AF¥17
R r—— RGE Boreal Yistaro Pelmaa  |RGE
10.6 Farm s M=
EEE— "eD AF10 =
S 2572022 Regrowth (2] Plot arial AFN1T Narpes _ :
AFA10 Boreal ksokyri Jauri RGE o KauhajOKI
16.6 Plot trial| Boreal lspkyrd Jawr  |AFKLT [ ~
RGE 7.9.20232 Plot triaf AF10
[ Boreal Yistaro Pelmaa  |RGE Kristinestad
AF10 [ .
16.6 Primary growth [1] | Plot trial] Boreal Yistaro Pelmaa |AFXLT T8.2022 Regrowth (3] Plot tria AFX1D
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Data processing to orthomosaics

-85% in total of real farm datasets and 100% of multispectral datasets of
those has been processed

-Efforts to standardize data collection and processing in Finland and
Sweden

-Swedish data was processed in Finland

‘.-

NI

Data
| A multispectral processing of
BR") orthomosaic FGI data, —]
from Sweden _gl’e_en —
indicates the
» ready mosaics
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Estimating grass parameters - _
results

« Casesland?2

« Experimental trials

» Multispectral data

« Handcraft features and machine learning
 Case 3

« Experimental trial

 Comparison of different data sources

« RGB, MS, HS-VNIR, HS-SWIR, CHM

« Handcraft features and machine learning
- Case 4

« Experimental trial

* Novel deep learning methods
« Caseb

 Real farm parcels

ol
A
)
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Experiences of grass stand yield and
quality estimation by multispectral drone

data 2021 - trial (case 1)

-Boreal (tall) fescue trial in Isokyro
- 240 plots
- No separate nitrogen levels - > low variation
- Regrowth (3rd cut) imaging date 15.9.2021

-Regression results using machine learning algorithm ¥
(random forest) and 10-fold cross validation repeated
10 times.

NRMSE (%) |PcC RA2
DMY 8.48 0.64  |0.40
FY 7.00 0.58  [0.34
D-value 1.65 017  [0.02
r & | ‘f a8l ' d ' VaV¥la
HiIlCIrcy
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Experiences of grass stand yield and
quality estimation by multispectral drone
data 2021 - trial (case 2)

« Nitrogen trial at Luke Maaninka research
center (outside of Cybergrass area)

« 060 reference plots

« Nitrogen vary from 0-200 kg/ha for
the first cut

* Primary growth:
« Imaging date 9.6.2021
 Harvesting date 10.6.2021

NRMSE [pCC | R
DMY 8.11 [0.92 [0.84
FY 7.66 [0.95 [0.89
D-value 161 |0.55 [0.30

Regression results using random forest, which used 500 trees and choose one
third of the features at each split. B
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Experiences of grass stand yield and quality estimation by drone
data 2021 - comparison of different data sources (case 3)
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A study to analyze if enhanced deep neural networks
could still improve the estimation accuracies (case 4)

-Study to investigate the potential of novel neural FY PG FY RG |

network architectures for measuring the quality and  « | -t 60
quantity 50 : 13y7 240 — ' i
. z Y o - ~:731 2 |-g1t N T
-RGB, CHM and hyperspectral images TS T < 301 S
i : 82883340000 3433 BE850355000905543
-Comparison of the results with the random forest SR335222R8852a3: RR585222°%85aag:
(RF) method i ’ > Mode
D-value PG D-value RG
-Improvements were seen especially using RGB data | Jis I
. . s x - .
to many quality and quantity parameters £, ] sestre | Baf % Li I:fl,
L Nl R N T SR .
. z, ;ii..ziz!lzi :,I! 21
[ on. (| e fresh biomass 00— | ol _
oam]) | e e Y eBEsiiissssiiii  ELHpBiiiRdgdziis
f ’ = 1)igestibility of organic matter in dry matter ggggg§§§§§£§‘££££ 2238;828298§g§$§
| 3D-CNN | > Neutral detergent fiber ~"g“>°523§” ‘£>£%§§ % ‘>°>>Q§'§ w S
T (e || b b

==l Nitrogen concentrationin dry matter

viT =P Nitrogen uptake

' Random Forest | %
O™o Loy

HS1 (32 channels)

Karila K, Alves Oliveira R, Ek J, Kaivosoja J, Koivumaki N, Korhonen P,
Niemeldinen O, Nyholm L, Nasi R, Polonen |, Honkavaara E. Estimating
Grass Sward Quality and Quantity Parameters Using Drone Remote

Sensing with Deep Neural Networks. Remote Sensing. 2022; 14(11):2692.
https://doi.org/10.3390/rs 14112692 i

| | N iILeITCeYy
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Estimation of fresh yield in real farm
parcels (case 5A)

False-color composite image of parcel
with sampling locations

Miterrey

Botnia-Atlantica
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Estimation of fresh yield in real farm
parcels (case 5A)

Fresh Yield,
kg/ha

85 - 13463

13463 - 21188
21188 - 25178
23178 - 28704

28704 - 40091

False-color composite with fresh yield values

Miterrey
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Estimation of fresh yield in real farm
parcels (case 5A) statistics

Fresh yield reference values from the With that model we resulted an average fresh
topmost sample (kg/ha): yield estimation of 25069 kg/ha for the whole
1. 23440 field. The total fresh yield estimation for the
2. 19120 whole field was 66.4 tkg.

3. 18800 m _

4. 25120 5

Avg. 21620

For the linear model the dark median
spectra of 842 nm feature was used. The
correlation between the samples was 0.936
with the used feature.

Histogram of full parcel fresh yield
estimation data distribution

HHILCTIICYy
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Estimation of fresh yield in real farm
(case 5B)

False-color composite image of parcel
with sampling locations

Botnia-Atlantica
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Estimation of fresh yield in real farm
par Ls;_‘(case 5B)

SO

;%i | ;

.,@

36 - 10752 O VS
10752 - 16954

16954 - 19866
19366 - 22166
22166 - 32466

False-color composite with ~ig =
H
Fresh Yield values
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Estimation of fresh yield in real farm
parcels (case 5B) statistics

Fresh yield reference values from the With that model we resulted an average
topmost sample (kg/ha): fresh yield estimation of 20119,4 kg/ha
1. 24280 for the whole field. The total fresh yield
2. 16320 estimation for the whole field was 91,4
3. 20040 tkg.

4. 17960 §

Avg. 19650

For the linear model the normalized mean I
spectra of 475 nm feature was used. The h
correlation between the samples was -0.931
with the used feature.

2000 000

Histogram of full parcel fresh yield
estimation data distribution
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Conclusions and
future research

e Conclusions

« New sensors and deep learning
algorithms are boosting the estimation
accuracies

 Fresh and dry matter yields easier to
estimate than quality parameters

« Future research
« Taking advantage of different data
sources
« Remote sensing data
 Growth models, weather etc.

 Development towards more real-time or
near-real-time solutions
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Advancing together

M 1 ILCITCYy
region S Botnia-Atlantica
m visterbotten EUROOPAN UNIONI  Euroopan aluekehitysrahasto

Fﬂh|n||ul I||I:|

Hushallnings ( 7 @) M % .
e séllskapet o LUke LAITOS ’

@f

SLU
I—




