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Automatic Generation of 3D Building Models by Building Polygon
Partitioning and Rectification considering Polarity of Quadrilateral

OKenichi SUGIHARA *! Zhenjiang SHEN *2
Keywords: Polygon Partitioning, Polygon Rectification, Automatic Generation, 3D building model, Building
Polygon, Polarity of Quadrilateral

A 3D city model is important in urban planning and landscape engineering. Urban planners may draw the maps
for disaster prevention . 3D city models based on these maps are quite effective in understanding what if this
alternative plan is realized. However, enormous time and labor has to be consumed to create these 3D models, using
3D modelling software such as 3ds Max or SketchUp. In order to automate laborious steps, we proposed a GIS
(Geographic Information System) and CG integrated system for automatically generating 3D building models, based
on building polygons or building footprints on a digital map.

A complicated approximately orthogonal polygon can be partitioned into a set of quadrilaterals (‘quads’ for short).
The proposed integrated system partitions orthogonal building polygons into a set of quads and rectifies them, placing
rectangular roofs and box-shaped building bodies on these rectified quads (rectangles). Since technicians, at map
production companies, are drawing building polygons manually with digitizers, depending on aerial photos or satellite
imagery, not all building polygons are precisely orthogonal. When placing a set of boxes as building bodies for
forming the buildings, there may be gaps or overlaps between these boxes if building polygons are not strictly
orthogonal. Our contribution is the new methodology for rectifying the shape of building polygons and constructing
3D building models without any gap and overlap.

Before polygon partitioning, all edge length and edge inclination of the polygon are measured, and the length of
all edges are sum up according to the snapped angle of all edge inclination. Then, the angle for a longest sum up edge
length can be adopted as the ‘main angle’ of the polygon, which will be then used as the inclination of all partitioned
quads. At the time when one quad is divided as a branch quad, it is impossible for this quad to know which quad is
adjacent to. It is not until the whole quads of a building polygon are divided that the quad knows which quad is
adjacent to. After polygon partitioning into a set of quads, the branch quad, defined as ‘active quads’, will start to
search for an adjacent quad. When a quad is cut off, a dividing pattern and which edge of the quad is cut off (active
edge i.e. DL: Dividing Line) is saved at the quad. During the searching stage, an active quad will search for an adjacent
quad by locating which quad the checking point on the active edge contains, and then checking which edge of the
adjacent quad the checking point is on. These are the ‘adjacency’ an active quad saves for rectification.

For polygon shape rectification and orthogonalizing, the polarity of consisting quads should be considered. In
the proposed system, each quads’ inclination will be parallel to or perpendicular to the inclination of ‘main angle’ .i.e.
the angle for a longest sum-up edge length of the building polygon. However, the measured inclination of some quads
can be almost opposite angle to ‘main angle’. For example, approximately vertical line segments can have the
inclination of 89.5 degree or -89.5 degree. Therefore, if the main angle of the building polygon is 89.5 degree and the
measured inclination of a certain quad is -89.5 degree, then this quad’s orientation should be flipped. Since an active
quad will rectify itself and reconstruct according to ‘adjacency’ of the active quad, this ‘flip’ causes wrong
reconstruction. To avoid wrong formation, detection of the ‘flip’ and right formation are necessary.

After rectification, divided precise rectangles become orthogonal to each other. In our proposal, after
approximately orthogonal building polygons are partitioned and rectified into a set of mutually orthogonal rectangles,
each rectangle knows which rectangle is adjacent to and which edge of the rectangle is adjacent to, which will avoid
unwanted intersection of windows and doors when building bodies combined for automatic generation of 3D building
models.

*%1 Professor, School of Management, Gifu Keizai University
*2 Professor, School of Environment, Kanazawa University
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