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Quantifying Geometric Point
Disorder in Geospatial Data Main result: The randomness of the arrangement of points

with a Novel Algorithm o .
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neighborhoods surrounding points, and this can be used to
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BACKGROUND: Geometric spatial order in geographic data Alternative assignment ICP realignment + alternative assignment
Score: 0.355 Score: 0.191

provides clues about possible anthropogenic provenance, but such identify Stru Ctu res aS delibe rately Or ra ndOm Iy placed. . o

disorder Is understudied in geographic contexts. Current

characterization schemes of geometric disorder are either limited 20- 20 1

to raster (pixel-based) data, do not provide an index that g ¢

quantifies relative disorder, or make restrictive assumptions about N punishment=T punis out of hul=False g g

what constitutes “order”. We propose a new algorithm and related s e ) 201 20 -

measure, the Index of Disorder (loD), that accurately captures ' — Aariegarea _ ’ ao

relative geometric disorder in coordinate-based data without | VT ] L
Relative x Relative x

making assumptions of underlying structure.

ALGORITHM OVERVIEW

Visualization of the neighborhood comparison portion of the oD algorithm. The neighborhood radius is shown for
both the red and blue points in the upper left figure. The remaining three figures explore various point assignment
methods and the calculated IoD. Each assignment subfigure shows the neighborhood corresponding to the red point
in red and the neighborhood corresponding to the blue point in blue. Black lines connect a red neighborhood point to
the blue neighborhood point it is assigned to under the applied assignment scheme. Euclidean assignment attempts

4 ) ( ) L . : ) L
Find neighborhood 1 Find neighborhood 2 to minimize the sum of the lengths of the black lines. The alternative assignment scheme attempts to minimize the
(all points within a (all points within a sum of the scores of the assignment lengths using a sigmoidal scoring function. The ICP (iterative closest point)
di {) £ P1 " {) £ P2 realignment iteratively rotates, scales and translates the blue neighborhood to attempt to minimize the assignment
. s ) J k. AR ) 5 cost. The green polygon represents the convex hull of the assigned points. In this example, unassigned points outside
the convex hull are ignored for the purpose of scoring while unpaired points within the convex hull are penalized with
a score of 1; paired points are scored using the function from Figure 1 regardless of the assignment scheme used.
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* The loD is capable of distinguishing ordered and disordered 6 - . - - - — 6 - . - - - - : 808
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oints in synthetic datasets, though differentiation is greatest , ) _— : , : , ] 80055 555582 8%8, 8 |
P , y, J J Tree crowns in Mooresville, NC. Purple polygons indicate replanted (anthropogenic) tree stands. The loD was used to quantify the relative geometric B . of KES 83’ il hFe e |
for grid-derived patterns disorder of tree placement (right), and trees were classified as being natural/disordered or planted/ordered depending on whether their loD exceeded AN D RIS
* The loD on its own is sufficient to distinguish naturally a threshold value of 0.75. e %

0.0

occurring trees from planted stands such as orchards or

Results from applying two versions of the loD algorithm without and with realignment (left and right respectively) to

refO reSted Zones M ETH ODS' synthetic patterns. The pattern is perturbed with random noise that increases in strength as a function of distance
. . - . T . beyond the red circle, and the blue circle represents the neighborhood size. Realignment enables better detection of
« Geometric disorder may not be sufficient to classify buildings

discrete patterns, such as the top pattern, but often reduces differentiation for continuous patterns, such as the
1 * 1/} 1 b I 1/} ° h b .

as "main” or "auxiliary”, but the loD can enrich such datasets pattern on the bottom

for more comprehensive classification schemes The loD was applied to 12 synthetic data sets. Each of these synthetic datasets were generated by perturbing a pattern with noise of increasing strength

+ The scale-dependent nature of the loD allows quantification of outside an arbitrary distance from the origin. Thus, the order of the pattern is entirely preserved within the arbitrary radius, but the system becomes ACkn OWledge ments

pattern scale by using the loD in reverse (i.e., optimizing loD increasingly disordered beyond that radius. A variety of patterns were created, including simple grids, grids transformed with sinusoidal signals, overlapping \TNhe.I_c,I gsrcl)\j/l(?rcstu\?;aanrzzc:er;gj:itzlic;c?::rtshtEOxggiir;tr?cir(;:\ndt(r:]rzaNtia\/t(iaO::tlivRifS(()leIrRCEeCSA():Orr]cs)elrf\zgi:on Service as
classification accuracy via parameter tuning) grids, radial patterns, and frieze (wallpaper) groups. The oD was applied to each dataset to quantify relative geometric disorder. © P Y brogtamm.
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LIDAR (Light Detection and Ranging) point cloud datasets were for the area surrounding an orchard in Crab Orchard, TN and a replanted forest in Mooresville,
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Mooresville, NC Natural forest Reforested zone 0.74 0.87

Lockeland Springs | Major buildings Building footprints were obtained for the metropolitan Nashville. The loD was calculated for extracted centroids, and buildings were classified as “disordered”

neighborhood Auxillary structures (homes and _ . . ; - . P e IDDLE

in East Nashville, TN |(sheds, detached garages) |commerical buildings) | 0.44 Wl If their loD was above an arbitrary loD threshold and “ordered” if below the threshold. “Ordered” buildings were assumed to correspond to “main” buildings, TENNESSEE

Note: Cohen’s  is used to measure inter-rater reliability for classification agreement that takes into account the possibility of the while disordered buildings were assumed to correspond to auxiliary structures. Algorithm parameters were subjected to sensitivity testing, and the U

agreement occurring by chance. 0.87 = excellent agreement, 0.74 = substantial agreement, 0.44 = moderate agreement classification accuracy and Cohen'’s k were calculated to quantify classification quality. Natural Resources Conservation Service STATE UNIVERSITY




