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ABSTRACT In this paper, a methodology for the spatial identification and characterization of vineyards using texture analysis is proposed to meet the need of ongoing and further viticultural “terroir” studies. The proposed method is based on the maximization of a criteria that deals with the coefficients enclosed in the different bands of a wavelet decomposition of the original image. More precisely, we search for the orientation that best concentrates the energy of the coefficients in a single direction. For each texture pattern, a degree of anisotropy and the angle of the main orientation is extracted. The methodology is validated on aerial-photographs in the Helderberg Basin (South Africa). The degree of anisotropy is a reliable information able to discriminate vineyards to other land-uses. Moreover, the row orientation turns out to be a relevant information for all applications related to mesoscale atmospheric modeling in vineyard areas. Index Terms— Texture orientation estimation, wavelets, vineyard 1. INTRODUCTION Since 1973 and the introduction of the Wine of Origin System, vineyards in South Africa are demarcated, at national scale, into four classes according to geographical and climatic characteristics or administrative borders. Even if the wineproducing has been identified at a the estate, ward, district and regional level, no mapping of precise spatial demarcation of vineyards has been performed at a higher resolution scale yet. This step remains a gap in the GIS data base of viticultural “terroir” studies. As part of the wine industry “terroir” research program, mesoscale and sea breeze air circulations studies were undertaken over the Stellenbosch district [1] due to the relevant climatic implications on grapevine performance and wine characteristics. Some numerical simulations have already been performed using the Regional Atmospheric Modelling System (RAMS), in which the parametrization has been designed for mesoscale or higher resolution scale grids (http://www.atmet.com). It included four nested grids, each



grid covering a different domain size with different horizontal resolutions (25 km, 5 km, 1 km and 200 m), using a two-way interactive exchange of information between grids. RAMS takes large scale atmospheric data (in our case meteorological fields from the European Center for Medium-Range Weather Forecasts) as well as surface data into account. Among the required surface data taken into account by RAMS are sea surface temperature, topography, soil (texture and humidity) and land cover. RAMS uses 30 land cover classes mostly characterized by vegetation type or whether the surface was covered with water, bare ground or urban. As for vineyards analysis, their precise delineation added to the row orientation can provide useful information to likely improve the RAMS simulations. Our paper is a contribution in that direction and aims at estimating the main orientation of vineyard. A quick and inexpensive means of producing spatial data is the processing of remote sensing images. With the development of Very High Spatial Resolution sensors, it is now possible to identify textures inside an “entity” such as an agricultural parcel. These entities, resulting from combination of items, could be characterized by their spatial arrangement. In case of vine-plot, alignment of rows constitutes a periodic pattern composed of parallel lines entirely related to an anisotropic texture. Thus it is noteworthy that texture analysis is a pertinent way to identify and characterize vine-plots. Many methods have been used to detect vine-plots. In [2], the authors have highlighted the performance of frequency methods in relation to co-occurrence ones. Frequency techniques based on Fourier transform are most often used [2, 3], while [4] have used Gabor filters. Finally, [5] used a wavelet transform to discriminate vine-plots to other land uses, but did not estimate row-orientation. In this paper, a wavelet-based method is proposed to identify vineyards as well as estimate row orientation of each plot. The key idea is to find the angle of the rotation that best concentrates the energy in a given direction of a wavelet decomposition of the original image. The paper is organized as follows: the next section is devoted to the methodological framework. As we rely on pre-segmented objects, the section 2.1 briefly introduces the image segmentation method used,
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based on [6]. In section 2.2 the core of the technique related to the estimation of the main orientation of each object is presented. The study area is introduced in section 3 and some experimental results are shown in section 4
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2. METHODOLOGICAL FRAMEWORK
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2.1. Image segmentation
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2.2. Texture orientation estimation Let us first recall some information about wavelet decomposition. 2.2.1. Wavelet transform Any digital signal f0 can be decomposed in a wavelet basis and written as: f0 =



X n



fJ,n φJ,n +



−1 X X j=−J



wj,n ψj,n



(1)



n



for a wavelet decomposition of order J where ψ is the analysis wavelet and φ the scaling function. The cœfficients fJ,n are related to the approximation of the signal at scale 2J and the cœfficients wj,n are related to the details in all other scales. For 2D signal like images, the detail cœfficients are
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The segmentation of remote sensing data has been widely studied in the last two decades [7] and some efficient image segmentation commercial softwares are already available. However most of them (such as eCognition [8]) are based on a learning stage that requires some features selection and thresholds to tune the classifier [9]. As a consequence an expert knowledge is needed and such tools cannot be easily transposable. In our application, we first performed a segmentation of the image assuming that the texture patterns of the objects do not exceed a given scale S [10]. This step is done using a wavelet decomposition of the initial image at scale S (so that the textured patterns are ideally removed) on which a watershed segmentation is performed. However, a main drawback of watershed segmentation is that it often yields an oversegmented map where similar objects, from a textural point of view, have to be fused onwards. This fusion step is done on the basis of the wavelet cœfficients of the original image. More precisely, at each band of the wavelet decomposition, a similarity indicator is computed between two connected objects. All these indicators are then fused using some rules of evidence theory to derive a unique criterion of similarity between two objects. For more details about this segmentation process, we refer the reader to [6]. This results in an unsupervised segmentation method which requires very few input parameters, which is to our opinion a key point.
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(b) Fig. 1. Variation of the energy when rotating an anisotropic texture (a) and an isotropic meadow (b). The dashed (resp. solid ; resp. dotted) line is the energy of the horizontal (resp. vertical ; resp. diagonal) cœfficients issued from a wavelet decomposition of the original image. available in the horizontal, diagonal and vertical directions and it is common to characterize the texture by the sequence (wJ,n , −J ≤ j ≤ −1, n ∈ ZZ) for the three detail directions. This is the idea on which we rely. 2.2.2. Principles Our idea is based on the observation that the anisotropic textures concentrate the energy of the cœfficients in some bands of the wavelet decomposition whereas the energy of the cœfficients of isotropic ones are more homogeneous. To illustrate this, figure 1a (resp. figure 1b) shows a comparison of the energy in the different details cœfficients between an anisotropic (resp. isotropic) texture according different orientations of the initial pattern. From figure 1a, it is obvious to observe that the energy of the vertical details cœfficients (solid line) contains a local maxima when the main orientation is vertically oriented (38◦ in this case). In such a situation, the energy in the other bands (horizontal and diagonal) is lower. The same phenomena occurs for the horizontal details cœfficients (dashed line) when the main orientation is horizontally oriented (128◦ ). Conversely, in case of an isotropic texture (figure 1b) the energy in the different direction remains roughly identical. We then suggest to be based on the highlighting of these specific situations to estimate the angle of orientation of the different patterns. In order to find the direction angle of a texture pattern, we propose to keep out the angle that concentrates the maximum of detail information in a single direction (vertical in practice). Therefore, if one represents an im-



age Iθ (corresponding to the original I rotated by θ) as {A1θ , Hθ1 , Vθ1 , Dθ1 , ..., AJθ , HθJ , VθJ , DθJ }, where Aθ (resp. Hθ , Vθ , Dθ ) represents the approximation (resp. horizontal, vertical and diagonal) band along the th level of the wavelet decomposition, we search for the angle θb such that:



(α2 , β2 ), it reads [12]: „ KL = log
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This distance is non-symmetric and the similarity measure retained is KLS(p1 , p2 ) = KL(p1 , p2 )+KL(p2 , p1 ). Its value o  ¡ ¢ n is null for two identical distributions and progressively grows  θb = max E(D, {Iθ }) = θ|E(D, {Iθ }) = Emax , where   up when the distributions differ. Let us now turn to the study θ  J area. X       E(D, {I }) = (D(V , H ) + D(V , D )) .  θ θ θ θ θ  =0



(2) Here, D(•1 , •2 ) is a symmetric similarity measurement between cœfficients •1 and •2 . The criteria E will reach its maximum Emax when the differences between all the vertical bands and the other ones will be the highest. This corresponds to a major orientation of the patterns along the vertical axis. Therefore, the value of θb corresponds to the angle between the vertical axis and the oriented pattern1 . We now need to define a similarity criteria D(•1 , •2 ) between cœfficients •1 and •2 . To that end, we first assume that the distribution of the cœfficients in all details bands follows a Generalized Gaussian Density (GGD), as observed in [11]. In a second step, we define D on the basis of histograms similarity measurements. Let us first present the GGD.



3. STUDY AREA AND DATA



2.2.3. GGD distribution Since the distribution of the details coefficients could be noisy, histograms are smoothed according to a Generalized Gaussian Density(GGD) [11]. The GGD reads: “



p(x; α, β) =



β − e 2αΓ(1/β)
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R +∞ where Γ(t) = 0 e−z z t−1 dz is the Gamma function, α is the scale and β the shape parameter. Hence a sub-band can be described by the two parameters (α, β). In practice, they are identified from the set of data using the technique in [12]. 2.2.4. Similarity criteria Several possibilities exist for computing a similarity criteria between two sets of data (L1 -norm and L2 -norm are among the most popular). Among usual similarity criteria between histograms, the Bhattacharyya and Kullback-Leibler are the most popular ones. As to the best of our knowledge, the Kullback-Leibler divergence between two GGD is the only one that can be expressed conveniently in an analytic way (which simplifies many practical aspects), we rely on this measurement. For two GGD defined with (α1 , β1 ) and 1 Note that the approximation band is not used here. We indeed assume that this band not contain any relevant information regarding texture and orientation.



Fig. 2. Map of location: Heldeberg basin in the Western Cape Province of South Africa A trial study area of 25 ha in the Helderberg basin (Figure 2), situated in the Stellenbosch wine district of South Africa, has been selected to establish and test the methodology for spatial demarcation of vineyards. The Helderberg basin is orientated SW-NE and opened to the sea to the southwest. It is surrounded by mountain ranges from northwest (The Dome 1137m) to north (Haelkop 1384 m) and east southeast (Sneeukop, 1590m). The trial surface encompasses different land cover: vineyards plots (with different row orientations), olive-trees and deciduous fruit-tree orchards; wind breaks, water surface, estate building, bush and forest. Color aerial photographs were used for the study. Images were georeferenced with a 50 cm spatial resolution. Before texture analysis, images were converted to gray-scale and an anisotropic fil-
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Fig. 3. (a) Aerial photograph, (b) Corresponding value of Emax , (c) Main row-orientation map tering was processed to reduce image noise while preserving image contours. 4. RESULTS AND DISCUSSION The method provides two types of results: the estimated orientation and the corresponding criteria Emax . Figure 3a represents an example with vine-plots, forests, bushes and bare soils. From figure 3b , it can be noticed that vine-plots (corresponding to highly anisotropic textures) are associated to significant higher values than other land-uses. The associated measure Emax can then easily discriminate vineyards from other land-uses. By applying a threshold (Emax > 10), one can extracts 97% of the overall vine-plots. The 3% outstanding vine-plots correspond to newly planted vines plots. In this case, the row oriented pattern is not clearly noticeable. Each selected vine-plot was assigned to a row-orientation angle value (Figure 3c). When comparing our results to a photo-interpreted estimation, angle values fluctuate from around 1 degree validating the efficiency of our approach. 5. CONCLUSION In this paper we have presented a technique to estimate the main orientation of some textured objects in images and applied it to vineyard plots. We have validated the framework on a given area in South-Africa. It is expected to extend the analysis to a larger surface (100 000 ha) covering the ANR JC-07194103 TERVICLIM project study area (figure 2) and further on the entire wine producing regions of South Africa. This will enable us to produce a map demarcating vineyards accurately at fine scale. The spatial demarcation and characterization of vineyards will be a useful product in a GIS platform and in further environmental studies. Our method also appears relevant to bring additional and valuable information for micro climatic studies.
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