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Abstract. The article describes the algorithm for creating three-dimensional Barcodes to 

represent nD features. The algorithm is based on computer topology methods using the 3D 

sweep hull algorithm for computing convex hulls and Delaunay triangulation. The result of the 

algorithm are 3D Barcodes of features. 3D Barcode graphs were built that reflect their time 

differences.. The algorithm for constructing 3D Barcodes will allow analyzing spatial nD 

objects at different time intervals. 

1. Introduction

Currently, geographic information systems mainly work with vector 2D maps. But now, the 
information on 2D maps is not enough for a more detailed analysis of the terrain, so GIS is 
increasingly beginning to include the ability to process 3D maps.

The relevance of the work lies in the fact that the existing algorithms for processing and storing 3D 

map data work exclusively with coordinates, which significantly increases the processing time of such 

objects. It is proposed to apply computer topology methods using the 3D sweep hull algorithm to 

develop an algorithm for constructing 3D Barcodes that will allow storing and quickly processing data 

on spatial objects in GIS [1, 2, 3]. 

There are various algorithms for handling nD features. In [4], an algorithm is presented that allows 

processing nD objects. The meaning of the algorithm is to simulate n-dimensional characteristics (time 

and scale) as additional geometric dimensions perpendicular to the spatial objects, creating a higher 

order model in the use of intervals, on the basis of which 2D models are raised to the following 

dimensions. These intervals are obtained from the cell complex (topological space) and they are 

divided into smaller ones. Extrusion is a widely used method in GIS for creating simple 3D models. 

Starting from the planar partition of the polygons and the height interval associated with each of them, 

it generates a set of spatially-decomposing rectangular polyhedra, assuming that each polygon exists 

over its entire segment. For example, a set of building trails and related heights are squeezed into a set 

of simple prismatic buildings [5, 6, 7]. 

The authors of [8] were builded the foundation for the integration of five dimensions into one 

formal presentation of data. The formal definition of geographic data in the 5D conceptual continuum 
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will most effectively manage and query geographic data using one integrated approach. In addition, it 

will ensure consistency in scope and time. 

This approach led to a new theory and method for geodata, as well as technologies that implement 

multidimensional partitioning. Integration of multidimensional geodata concepts allows to use of 

common geometry and embedded topological, temporal and scale structures through full 3D + time + 

scale splitting. 

But these algorithms are based on the use of coordinates of objects, which significantly slows down 

their processing. 

In this work, three-dimensional Barcodes will be built on the basis of data from spatial objects from 

a 3D map. The resulting Barcodes will be compared with 2D Barcodes for vector maps. The 

advantages of the developed algorithm can be considered as the speed of work, the ability to work 

with three-dimensional maps, as well as to store object changes over time.  

2. Algorithm for constructing 3D Barcodes for nD features in GIS

The algorithm of building 3D Barcodes is based on the 3D sweep hull algorithm [9]. This algorithm is

also called the Newton apple shell, and it functions as follows:

1. Sort a set of points },,{ zyx  in the sequence yxz  .

2. Starting with the first of the sorted points, the points are connected, until a triangle of the area

is formed to form an array. The process of connection occurs by building a ball around each

point.

3. New points are sequentially added to the array. The edges of the array are triangles, which are

represented as a list with information about adjacency. The process of adding a new point to

the array includes determining which triangular faces are visible to the new point and

replacing them with new triangles made using the new point and closing the edges in terms of

the new point.

4. Next, a non-intersecting triangulation of the set of triangles is created.

5. Adjacent pairs of triangles of this triangulation must be “inverted” in order to create Delaunay

triangulation from the original non-overlapping triangulation.

The algorithm generates Delaunay triangulation together with a three-dimensional convex hull for a 

set of points. 

The construction of the Barcode itself takes place by analogy with 2D Barcodes as described in 

[10]. The object barcode )} l,{(x= B ii , where, n,…1,2=i  is the hole number, n  is the number of 

holes, ix is the coordinate of the beginning of the object’s Barcode hole, il is the length of the

object’s Barcode hole. 

A distinctive feature is the addition of the third component in the Barcode which is a time t . 

Taking into account the added time, Barcodes for different periods of time are combined on each 

radius into a single component.  

Accordingly, 3D Barcodes, built on the basis of data on nD objects, will look like this: 

)}  t,l,{(x= B iii , where it is a certain period of time in which the object was changed [11, 12].

Also 3D Barcode can have another third component line, for example, scale s . 

Then the Barcode will look like: )} s ,l,{(x= B iii , where is is the scale on which the feature is 

displayed. 

3D Barcode can be built not only for one object, but also for their group. In this case, the 

coordinates of the entire group of objects will be perceived as a single object. 

Consider the construction of 3D Barcode on an example. Figure 1 shows a 3D feature. Figure 2 

shows the 3D Barcode for the object shown in Figure 1. 

The graph of Figure 2 shows the Barcode length on the axis x, the Barcode radius on the axis y, and 

the year of change on the axis z. 
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Figure 1. Example of a 3D object. 

Figure 2. 3D Barcode. 

3. The results of the algorithm

To carry out the experiment of building 3D Barcode, a tablet of the 1990s was taken, reflected in

Figure 3 (a) with the image of a map of the city's terrain. Some of the objects were built in 3D, and

Barcode was built for them. Then the plot from this area was taken from Yandex maps for 2018. This

area is reflected in Figure 3 (b). For these objects was also built 3D Barcode shown in Figure 3 (c).

a) b)

c)

Figure 3. A group of objects and their 3D Barcodes: a-b) Objects that change over time; c) 3D 

Barcodes of objects in different time intervals. 
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For comparison, 2D Barcodes were constructed for the objects from Figure 3 (a, b). These 

Barcodes are shown in Figure 4 (a, b). 

a)  b)

Figure 4. Graph of 2D Barcodes: a) Barcode for objects from figure 3 (a); b) Barcode for objects from 

figure 3 (b). 

When comparing 2D and 3D Barcode graphs, we can conclude that 3D Barcodes are more 

informative, store more information, and, unlike 2D Barcodes, allow you to quickly access the desired 

nD object on the map. One of the advantages of the algorithm's performance is the use of Delaunay 

triangulation for constructing holes of objects, which significantly reduces the processing time of 

objects. 

4. Conclusion

An algorithm for constructing 3D Barcode for nD features developed in the article. It can be

applicable to all vector maps, including 3D maps.

Unlike 2D Barcode, this algorithm takes into account an additional characteristic which is a time. This

allows to track changes in nD features over the years.

In the future, the algorithm will also be able to use the scale as an additional characteristic, which will

significantly reduce labor costs when working with vector maps.

The developed algorithm is also useful in real estate. It will allow to search for the best terrain for

building buildings, estimate the time of building objects, as well as analyze areas for missing

buildings.
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