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ABSTRACT
In this paper, an algorithm for the generation of interpretable maps yielding management zones
in agriculture is presented. The key points are the definition of numerical zoning quality criteria
that are used to guide a global optimization procedure based on quantile values. This makes it an
alternative to classical zoning procedures based on local criteria, such as segmentation-based
ones. The algorithm is applied to real yield data from precision agriculture.
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1. INTRODUCTION

Delineation of management zones is of paramount importance for many applications
(Urretavizcaya et al., 2014) in precision agriculture. A management zone is a spatially
contiguous area to which a particular treatment may be applied. A management class, which can
be assigned a label, is the area over which a particular treatment may be applied. This may
constitute more than one zone.

The automatic generation of interpretable maps (called zonings in the following) is a challenge.
There are two main types of methods to generate zones from spatial data: classification based on
a priori classes (Taylor et al., 2007) and segmentation algorithms (Pedroso et al., 2010), based on
Union-Find procedures with initial clusters centered on seeds. However classification algorithms
do not consider spatial constraints to define contiguous classes, while the sensitivity to the initial
choice of seeds and to the order of merging operations are well known drawbacks of
segmentation algorithms.

The aims of this paper are i) to propose a numerical criterion to evaluate zoning quality ii) to
present an optimization-based approach to generate interpretable maps based on this criterion.
The proposed approach avoids the definition of a priori classes, while assigning interpretable
labels to the generated zones.

2. THE QUALITY CRITERION

The criterion is designed in order to make the resulting zoning easy to interpret. The aim of the
quality criterion proposed hereafter is two-fold: i) quantify how zones are heterogeneous on the
whole field under study, which is of importance for zone delineation algorithms aiming at
maximizing inter-zone variability, ii) quantify how neighboring zones are similar, which is of
importance considering most segmentation algorithms involve a fusion step aiming at merging
similar contiguous zones. The novelty of the proposed approach is to consider these two aspects
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simultaneously. The key idea is to maximize the contrasts in all parts of the map. Consider n
georeferenced data points (sl-, F(si)),i = 1..n where s; = (x,y) represents the Cartesian
coordinates. The attribute F(s;) is a one-dimensional numerical value. A zoning is composed of
p zones, and denoted Z = (2;)ef1,2..p}-

2.1 Heterogeneity between neighbouring zones zj, z;
Zones are neighbours if they share a common edge.

Iy | Ssjen s er,(FD-F(s))) AGs04Gs))
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, Where A(s;) is the area of P(s;), 4; is the area of zone

Z.

M;; can be decomposed into three parts: M;; = cIZ + o7 + df;, of (resp. o7) being the variance

of F in zone z; (resp. z), d;; is the difference of mean values of F in zones z; and z;.

2.2 Heterogeneity within zone z;

The same formulae are used to define M,;; and decompose it, M;; = Zof.

Contrast indicator Cy,: ratio of the inter zone heterogeneity M;; and of the average intra zone
2My; dj;

M+Mjy 0?+0§

heterogeneity w
2.3 Criterion
Crit(Z) = mingez z,ev(z) Cry Where V(z;) is the neighbourhood of z; (composed of all

neighbouring zones of z;). The choice of the minimum value over all pairs of neighbouring
zones avoids compensations between pairs, as it would be the case if average were used instead.
It ensures good contrast among all zones. The higher the criterion value, the better the zoning
quality.

, for any two neighbouring zones z;, z; C;; =

3. OPTIMIZATION-BASED ZONING

The objective of this part is to propose a zoning algorithm aiming at demonstrating the interest of
the criterion. The approach, shown in Figure 1, takes as starting point a zoning defined by a
combination of contour lines. Contour lines based on attribute data quantiles delineate zones that
are easy to label, all values inside the zones being either lower or higher than the cut point.

The goal is to find the best combination of contour lines. This is an advantage in comparison of
region growing/merging algorithms, which do not guarantee a clear labelling. The algorithm
consists of several embedded steps.

The correction procedure considers the area (size) of the zones resulting from the contour line
definition. Assuming that small zones may correspond to unmanageable regions, the correction
procedure consists in modifying the initial zoning in order to respect the size constraint, either by
removing or enlarging small zones.

The procedure result consists in a subset of best zonings for a given number of labels.
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Figure 1. Zoning procedure.

4. CASE STUDY

The cereal field is located in Peterborough, England and was harvested with a CLAAS harvester
with a 6m cutting bar. It contains (1000 points/ha) yield values automatically geolocated by the
harvester.

The Yield variable ranges between 0.47 and 7.67. Figure 2 displays the best zoning obtained
with 3 labels, corresponding to data quantile-associated probabilities (0.2, 0.7). The mean value
within zone values is indicated on the map..

The optimal zoning leads to 6 well differentiated zones. The criterion value is 5.07.

Loisel et al. “Generation and quantitative evaluation of interpretable maps in precision
agriculture”. EFITA WCCA 2017 Conference, Montpellier Supagro, Montpellier, France, July 2-
6, 2017. Paper number: 94.



Figure 2. Best zoning of yield data field for 3 labels.

5. CONCLUSION

In this paper, we propose criteria to evaluate the quality of any zoning and to design efficient and
interpretable within-field zonings. The approach allows fast and objective evaluation of various
zonings, required when large quantities of data are to be analyzed.
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