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Hyperspectral imaging for

viticultural applications
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10-year-experience in precision viticulture

New non-invasive sensing technologies

Vineyard monitoring / Phenotyping



Vineyard monitoring / Phenotyping
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Televitis mobile lab
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Robotics In viticulture




Hyperspectral imaging
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Hyperspectral imaging are based on the combined acquisition of an image and spectral data




Hyperspectral and multispectral imaging

= Multispectral imaging consists in acquiring an image within narrow discrete spectral bands

» Hyperspectral imaging provides one full spectrum for each pixel of the collected image

Multispectral imaging Hyperspectral imaging




Hyperspectral imaging adquisition technologies

1. Scanning or push-broom method

2. Snapshot




VIS and NIR hyperspectral cameras
at the Televitis lab

* Visible: 400-1000 nm (1200 bands) =
* Near Infrared: 900- 1700 nm (256 bands) Televitis



Hyperspectral imaging under field conditions

Tempranillo commercial vineyard
Logrono, La Rioja, 2013
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Hyperspectral imaging applications

TExBT pixel
o5 0.19 mm

= Agriculture

= Forestry

= Environment

= Defence

= Medicine

= Water

* Food quality and safety control
= Geology

= Crime scene detection
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Downey mildew phenotyping

RGB SAM_Healthy SAM_GrDm DMI_3_6classes Clg oqqe_bclasses  PRI_8classes

Non-inoculated

Inoculatedyayial

Inoculated,ayial

healthy B healthy '
M downy mildew 0

Hyperspectral phenotyping of the reaction of grapevine
genotypes to Plasmopara viticola

Erich-Christian Oerke'*, Katja Herzog? and Reinhard Toepfer?

Journal of Experimental Botany 2016



Assessment of leaf water status

Neural network RWC values (%)
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Reference RWC values (%)
Diago and Tardaguila 2012.

7th Inter. Symp. on Irrigation of Horticultural Crops.



Spectral response to grapevine variety

—Tempranillo

—Cabernet Sauvignon
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Discrimination of grapevine varieties and clones

OBIJECTIVE: Varieties and clones discrimination

by hyperspectral imaging

—————
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IMPLEMENTATION:

SPECTRA ADQUISITION:

e Passive sensor: hyperspectral cameras
working in the visible and NIR range

e Using leaf disc images

DATA MINING:

» Different preprocessing techniques:
normalization

e PLS for classification

e Model evaluation: Montecarlo CV




Classification of varieties and clones

Grenache Tempranillo Cabernet Sauvignon
Clones Clones Clones
RJ 26 RJ 75 R5
RJ11 RJ43 169

ARA 4 RJ 26 15

ARA 24 RJ 24 685



Classification of grapevine varieties
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Diago, M.P,, Fernandes, A.M., Millan, B., Tardaguila,
J., Melo-Pinto, P 2013. Identification of grapevine
varieties using leaf spectroscopy and partial least
squares. Computers and Electronics in Agriculture
99, 7—-13.
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Varieties

Three correctly classified varieties:
e Grenache (GA)

e Cabernet Sauvignon (CS)

e Tempranillo (TE)




Discrimination of grapevine clones

;‘gi [ a) 3100-~Ii : 'ii: -
8 ~1 - —Mincs15 .. >4 | :
e 981 ... maxcs1s ¢ g 90 | |
5 0.7 Min CS 169, 685, R5 ' 3 | !
= 0.6- 3 f b ' ;
@ ] (3 curves) 0y & 80- ! X1k X
"1; 0.5+ —— Max CS 169, 685, R5 ,'I @ ! !
| I
E 0.4+ (3 curves) f 3 704 | :
= 2 ! (
E 9 | |
o = 60 | X X |
= o L
" ° gl < |
0.0 T r— T T — 1 "J Eb a) a) 5 O z) ‘), 5 O 5; \2)
640 660 680 700 720 740 760 (P oS (B (P eOo (P o e’
Wavelength (nm) Clones

Fernandes, A.M.,, Melo-Pinto Millan, B., Tarddguila, J. Diago, M.P,, 2015. Automatic
discrimination of grapevine (Vitis vinifera) clones using leaves hyperspectral imaging and
partial least squares regression. Journal of Agricultural Science 153:455-465



Hyperspectral imaging to fingerprint anthocyanins
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AGRICULTURAL AND
FOOD CHEMISTRY

Use of Visible and Short-Wave Near-Infrared Hyperspectral Imaging
To Fingerprint Anthocyanins in Intact Grape Berries

Maria P. Diago,™ Jmn Fernandez-Nov. 1lcs, Armando M. l~crmndcs, Pedro Melo-Pinto, ok

and Javier Tardaguila’

"Instituto de Ciencias de la Vid y del Vino (University of La Rioja, CSIC, Gobierno de La Rioja), Finca La Grajera, Ctra. Burgos Km.
6, 26007 Logroiio, Spain

SINOV — INESC Inovagdo, Rua Alves Redol 9, 1000-029 Lisboa, Portugal

*CITAB-Centre for the Research and Technology of Agro-Environmental and Biological Sciences, Universidade de Tras-os-Montes e
Alto Douro, Quinta de Prados, 5000-911 Vila Real, Portugal

lD'epzu'teufrierﬂfo de Engenharias, Universidade de Tras-os-Montes e Alto Douro, Quinta de Prados, 5000-911 Vila Real, Portugal



Hyperspectral imaging for fingerprint

anthocyanins

Anthocyanin profile by HPLC-DAD
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Hyperspectral imaging to fingerprint anthocyanins
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Hyperspectral imaging to fingerprint anthocyanins
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Hyperspectral imaging to fingerprint anthocyanins

compound
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Hyperspectral imaging to assess esca disease
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Conclusions

O Advanced and powerful technology for vineyard monitoring and phenotyping
U Indoor and outdoor working conditions

U Proximal and remote sensing applications

O Assessment of grape composition, water status, diseases, etc.

O High flexibility to target specific problems
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