Supplementary material 1
	Feature
	Definition
	Meaning
	Interpretation
	Type of feature

	main_category
	The first category extracted from ANDAMAL_1T and taking the first entry.
	The building’s primary recorded use or class.
	This is the most direct description of what the building is mainly intended for, such as housing, industrial activity, or public function.
	Function

	grouped_category
	A simplified grouping of main_category into broader classes such as residential, industrial…
	A broader functional grouping of the building.
	Useful when detailed categories are too specific and you want a smaller number of meaningful building-use groups.
	Function

	area_m2
	The polygon area of the building footprint in square meters.
	How much ground space the building covers.
	Larger values indicate larger buildings; small values usually correspond to houses, sheds, or garages, while large values often indicate industrial, commercial, or public buildings.
	Size

	perimeter_m
	The perimeter of the building polygon in meters.
	The total length of the building’s outer boundary.
	Larger values may indicate either a larger building or a more irregular footprint, especially if area is not proportionally large.
	Size

	centroid_lon
	The x-coordinate of the building centroid.
	The horizontal map position of the building’s center point.
	Used to locate the building spatially and relate it to urban structure, neighborhoods, or accessibility.
	Size

	centroid_lat
	The y-coordinate of the building centroid.
	The vertical map position of the building’s center point.
	Together with centroid_lon, this gives the approximate central location of the building for spatial analysis.
	Size

	log_area
	Natural logarithm of area_m2 + 1.
	A transformed version of building area with compressed scale.
	Mainly for machine learning; it reduces the influence of very large buildings while still representing size differences.
	Size

	log_perimeter
	Natural logarithm of perimeter_m + 1.
	A transformed version of perimeter with compressed scale.
	Mainly for modeling; it reduces skewness and prevents extremely large perimeters from dominating analysis.
	Size

	equiv_radius_m
	Radius of a circle with the same area as the building, calculated as sqrt(area / π).
	A way to express building size in terms of an equivalent circle radius.
	Useful as an intuitive size measure, though it says nothing about the actual shape of the building.
	Size

	shape_index
	Calculated as perimeter / (2 × sqrt(π × area)).
	Another measure of shape irregularity related to compactness.
	A value near 1 indicates a compact shape close to a circle; higher values indicate less compact and more irregular shapes.
	Shape

	bbox_width
	Width of the building’s bounding box, calculated as xmax − xmin.
	The horizontal span of the smallest axis-aligned rectangle containing the building.
	Helps describe the overall width and proportions of the building footprint.
	Shape

	bbox_height
	Height of the building’s bounding box, calculated as ymax − ymin.
	The vertical span of the smallest axis-aligned rectangle containing the building.
	Helps describe the overall height and proportions of the building footprint.
	Shape

	bbox_area
	Area of the bounding box, calculated as bbox_width × bbox_height.
	The area of the smallest enclosing rectangle around the building.
	This is not the real building area; it is used to compare how efficiently the building fills its enclosing box.
	Shape

	elongation
	Ratio of the longer side of the bounding box to the shorter side.
	A measure of how stretched or elongated the building is.
	Values near 1 indicate a roughly square overall shape; larger values indicate long and narrow buildings such as warehouses or corridor-like structures.
	Shape

	rectangularity
	Building area divided by bounding box area.
	A measure of how well the building fills its enclosing rectangle.
	Values close to 1 indicate very rectangular footprints; lower values indicate L-shapes, T-shapes, or other irregular forms.
	Shape

	aspect_ratio
	Bounding box height divided by bounding box width.
	The proportion of the building’s overall extent.
	A value near 1 suggests a roughly square footprint; values much above or below 1 indicate elongated shapes.
	Shape

	area_efficiency
	Building area divided by bounding box area.
	How efficiently the building occupies the rectangle that encloses it.
	High values mean the footprint closely fills the bounding box, typical of compact rectangular buildings; low values indicate irregularity or unused corners within the box.
	Shape

	convex_perimeter_m
	Perimeter of the convex hull of the building.
	The perimeter the building would have if all inward dents were smoothed out.
	Comparing this to the actual perimeter helps show how much boundary complexity comes from indentations.
	Complexity

	has_hole
	Boolean variable indicating whether the polygon has one or more interior rings.
	Whether the building footprint contains internal empty spaces.
	TRUE may indicate courtyards, atriums, or enclosed voids; FALSE indicates a solid footprint without internal gaps.
	Complexity

	num_holes
	Number of interior holes in the polygon.
	Count of enclosed empty spaces inside the building footprint.
	Higher values suggest more complex buildings, such as blocks with one or more courtyards.
	Complexity

	num_vertices
	Number of unique coordinate points forming the building boundary.
	The number of distinct corners or turns in the polygon.
	Low values usually indicate simple footprints such as rectangles; high values suggest more detailed, articulated, or irregular outlines.
	Complexity

	num_parts
	Number of separate polygon parts in the geometry; for single polygons it is 1 and for multipolygons it is the number of distinct parts.
	Whether the building footprint is one continuous shape or multiple separate pieces.
	Values above 1 may indicate building complexes, detached components grouped into one record, or geometry artifacts.
	Complexity

	vertices_per_area
	Number of vertices divided by the square root of area.
	A normalized measure of boundary detail relative to building size.
	High values indicate many corners for the building’s size, suggesting highly articulated or complex footprints; low values indicate simpler forms.
	Complexity

	fractal_dim_proxy
	Calculated as log(perimeter) / log(area).
	A proxy for boundary irregularity or geometric complexity.
	Higher values generally indicate more irregular or intricate boundaries; lower values indicate smoother and simpler outlines.
	Complexity

	perimeter_efficiency
	Actual perimeter divided by convex hull perimeter.
	How much extra perimeter the building has compared with its smoothed convex version.
	A value close to 1 means the boundary is close to convex and relatively smooth; higher values indicate recesses, notches, or articulated edges.
	Complexity

	convexity
	Building area divided by convex hull area.
	A measure of how close the building is to being convex.
	Values near 1 indicate few or no inward indentations; lower values indicate recesses, courtyards, or more complex non-convex forms.
	Complexity

	convex_area_m2
	Area of the convex hull of the building polygon.
	The area of the smallest convex shape that fully contains the building.
	Can be understood as the building’s area after “filling in” indentations; if much larger than actual area, the building is likely irregular or concave.
	Complexity

	complexity_score
	Calculated as (num_vertices / 10) × (1 / compactness) × (1 + num_holes).
	A composite score combining corner count, lack of compactness, and holes into one complexity measure.
	Higher values indicate buildings with many vertices, irregular overall shape, and/or interior holes; lower values indicate simpler and more regular footprints.
	Complexity






