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Motivation

Precision viticulture relies on high-resolution, timely data to support vineyard management
and improve grape quality. UAV-based remote sensing enables flexible monitoring, with
hyperspectral imagery capturing biochemical traits and LIDAR providing detailed 3D canopy
structure. While each technique has limitations, their integration combines spectral and
structural strengths, improving vine detection and reducing background interference.

This approach is especially relevant in the Toka] wine region, where complex terrain and
microclimatic variation affect vine vigour. Despite Tokaj's significance, vineyard remote-sensing
research in its Slovak part remains scarce and lacks hyperspectral-LIDAR applications. This study
addresses that gap by demonstrating how multimodal UAV data can enhance precision viticulture
and contribute to the sustainable management of this culturally valuable landscape.

Research area

The experimental site is situated in the Slovak part of the Tokaj wine-growing | UAv-based hyperspectral and LIDAR data were acquired over a vineyar

region, located in the southeastern part of Slovakia on the border with Hungary. The using the Scou.t B1-100 helicopter platform. Two tightly co-registered payloads
area of interest lies between the vilages of Mala Triia and Bara (48.4403° N, | Were deployed: a RIEGL VUX-1 laser scanner for 3D structure and an AISA

Methods and data

21.7038° E) on a south-facing slope. The geo-logical bedrock consists mainly of (,ESTREL 10 hyperspectral camera (400_1,090 nm) for canopy reﬂectancez.
Permian to Carboniferous conglomerates, sandstones, and shales, which form the LIDAR was flown at 30 m AGL (5 m/s), providing point delnsmes >600 pts/m?
substrate of the local soils. The soils are predominantly Cambisols, characterized wyperspect.ral data were coIIecteq at.1OO m AGL (5.m/ s) with ~0.1 m GSD. An
by shallow profiles with high skeletal content. The texture corresponds to medium- atmospheric cl:orrecpon was applied in ENVI 5.3 using the FLAASH module to
heavy soils with a tendency toward lighter fractions. transform radiance into surtace reflectance.
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oN] A \ . \ \ r ¥ t P EYE (mas.l.)
#o N 48.4400°N principal components (>99% variance) and, where applicable, CHM were used ¥ hE
. . . . . . o . . e e - 178
as predictors in a supervised maximum likelihood classification with two ; I
' . . f ’ 176
IR T S — p———— classes: vine rows and non-vine areas. B B
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Results Conclusion
Tab. 1. Variance explained by the first three principal components for each dataset. This study demonstrates the potential of integrating UAV-based LiDAR and hyperspectral
DRI Sl i) ) Ses i CUmUlElE VETEIee () data for vineyard mapping in the Slovak part of the Tokaj Region. While hyperspectral
DY = Il (L85 [orlils) 228 S U0 el imagery alone was prone to confusion between vine canopies, soil, and inter-row
&y lnts enlly (s Eeleky) —— S48 — — vegetation, incorporating LiDAR-derived canopy height models (CHM) significantly
(B) REB (3£a”ds) . 2:-1; 222 3-28 188'88 improved classification accuracy, reaching 96% with a Kappa of 0.85. Even natural colour
A) RGB + CHM (4 4 31 21 100. . . . . . . .
(A " (4 bands) composites combined with CHM achieved satisfactory results, emphasizing the practical
Tab. 2. Summary of accuracy assessment for vineyard classification using PCA and the maximum likelihood classifier with different input datasets. value of structural information when hyperspectral data are unavailable. Accurate
nputdataset  OA(%) Kappa PAVine (%) PANonwvine (%) UAVine %) UANonwine %) Flscore  BA (%) dglmeahon .of vine rows forms a key baS|s.for precision viticulture, supporting tasll<s such.as
vigour monitoring, yield estimation, and site-specific canopy management. The integration
(D) HS + CHM NN 81.6 99.0 4.1 96.2 0.88 90.3 of hyperspectral and LIDAR data thus provides vineyard managers with reliable, high-
RS I 13 979 87.9 4.2 0.79 84.6 resolution maps for decision-making, while offering a scalable framework for broader
(B) HS st | e 48.9 97.6 81.0 J0.1 0.61 3.2 viticultural applications. Future research should expand toward multi-temporal monitoring,
(A)RGB RS S >8.0 99.9 7.0 1.7 0.66 .3 incorporate additional variables such as vigour or disease status, and employ advanced
. S — ey Ty S _ machine-learning methods to enhance robustness and operational use in the sustainable
2 EDAD B §. ;3 ;! 3, g2 33 C 3 1 3 i ??i%-;i'j??'z. 3% | D i I‘i 7 i&. I RRE C
HERRTRSES SRTESRRERY ‘\ TRERSUR RN L REEEINER RN RS Fiddy ggfi management of the Tokaj wine landscape.
fiasie ki SETARRARE RURRR RN R AN T CRSR SN AR AR A RRRRARRRE
31 AL AR B 1 ' . tag : &3 'i-!} L 2 '334 -8 A by BN } 7 5 i § ; ¥ 3 :
i’.-:: ¢ o Stk f TRETE IR BRI HNER SR TR S $.% 2 52 f‘{é-‘gé
TLeRie s SR PEEEE A R FHEREAE §1:4- ' ii : i | %§ B ?-'{ ;o ACknOWIedgement
REARREE B T SUARREERINNERE NI FSS A E x's o p V| §H
¥ R P N N SR A R S e T R ARG R RN R R - S P -
§ R 35 NIy k"}gi LK ki ~‘§"‘?§ i§ § ’,Hii ¥ % {4 §§ This research was financially supported by the European Union’s NextGenerationEU
CETENE Y y (437 0t B TR N 134 vl W L : P4 : ¥ ¢ 9 i ! oL . . .
RELEINE § | { iﬁ; BRNREER LA | 53} § %s ;i f,* ¢ 1 | i‘* i‘ § ;.} i £ }i Initiative through the Recovery and Resilience Plan for Slovakia (Project No. 09103-03-V01-
fLitath b f* BRNE BRI ERe {3 SRR il 3 P % RN 1Y ” 00049) and from the CLIMANEMU project (No. 09104-03-V02-00002) supported by the
3 >3 & RE RN ERMENEL TR - AN Y SRR SR AR Y~ ‘ BAEREE " : :
' } . i ¥y g g M| <% Kt AR ?i §§ H"t ri ‘; : 14 2 ; %% i“ Recovery and Resilience Plan for Slovakia co-funded by the European Union and the
Ve b A RFIRAEARE f 48 gl i d2s Y, o | BRI rd  &5 el SRR Ay | $30 i %2 3 t 3¢ : " : :
FRdE 3 RAdR b LTy oy i %q? | TRt 3} SRR ! fii ;f § 3 i i3 f 4 f 3 }H RE5: Slovak Republic. Additional support was received from the VEGA project No. 1/0780/24 and
Results of binary maximum likelihood classification of vineyard structure: (A) simulated natural-colour composite (3-band RGB) image, KEGA project No. 023UPJS-4/2025, funQed by .the Ministry of Education, SCIVGHCS,
(B) complete hyperspectral (HS) image, (C) simulated natural-colour composite combined with the canopy height model (CHM), and Research, and Youth of the Slovak Republic. We sincerely thank Mr. Jaroslav Ostrozovic,
(D) complete HS image combined with CHM. Head of the Ostrozovic s.r.0. company, for granting access to their vineyard and allowing the
Blue Green Red Red Edge Near Infra Red field mapping.
1.00
~ References
::I: 0.75
P — Vine row -area [1] BIEHL, L., LANDGREBE, D. 2025: MultiSpec [Computer software]. Purdue University, West Lafayette.
S [2] KALISPERAKIS, I., STENTOUMIS, C., GRAMMATIKOPOULOS, L., KARANTZALOS, K. 2015; Leaf area index estimation in
E ' — — Inter-row area vineyards from UAV hyperspectral data, 2D im-age mosaics and 3D canopy surface models. The International Archives of the
L Photo-grammetry, Remote Sensing and Spatial Information Sciences, 40, 299-303.
© 025 [3] MATESE, A., TOSCANO, P., DI GENNARO, S.F., GENESIO, L., VACCARI, FP., PRIMICERIO, J., BELLI, C., ZALDEI, A,
. I BIANCONI, R., GIOLI, B. 2015: Intercom-parison of UAV, aircraft and satellite remote sensing platforms for precision viticulture.
0.00 - - Remote Sensing, 7(3), 2971-2990.
400 450 500 550 600 650 700 750 800 850 900 950 1000 [4] PADUA, L., MATESE, A., DI GENNARO, S. F., MORAIS, R., PERES, E., & SOUSA, J. J. 2022: Vineyard classification using
Wavelength (nm) OBIA on UAV-based RGB and multispectral data: A case study in different wine regions. Computers and Electronics in Agriculture,
. . . . . L 196, 106905.
Mean spect(al reflectanc?e Curves (sgl/q l/ngs) of vine canopies (grgen) and mter-rovy areas (dark grey), der/vec{ from the classification results | (51 SoFIA, S. AGOSTA, M., ASCIUTO, A. CRESCIMANNO, M., GALATI, A. 2025: Unleashing profitabilty of vineyards through the
shown in Figure 5D, with ribbons indicating x1 standard deviation. Coloured regions denote key spectral intervals: Blue (430-500 nm), adoption of unmanned aerial vehicles technology systems: The case of two ltalian wineries. Precision Agriculture, 26(41), 2-28.
Green (520-600 nm), Red (630-690 nm), Red edge (700-740 nm), and Near-infrared (760-1000 nm). Spectral separation between vine and | [6] TOSIN, R. 2020: Estimation of grapevine predawn leaf water potential based on hyperspec-tral reflectance data in Douro wine
region. Vitis, 59, 9-18.

inter-row areas is most pronounced in the red-edge and NIR domains, which are widely used for vegetation monitoring.




