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UDC 004.588
ON OPEN WORLD PROCEDURAL GENERATION

Veselovskiy V.V.(disward@knu.ua)
Taras Shevchenko National University of Kyiv, Ukraine

The article proposes an approach to create an open world using a combination of diamond-
square algorithms for terrain generation and the fractal Harter-
collection arrangement. It is proposed to create collection objects in a modular way as well as 
using geometric nodes.

Formulation of the problem
Procedural generation plays an important role in the game development industry. The size of 

the game space grows every year, and it becomes too difficult to fill this space with details. Using 
procedural generation, developers create a template that builds a family of similar in structure, but 
still different objects.

Terrain generation
There are many algorithms for creating procedural landscapes. Among them, you can often 

meet noises, for example, Perlin Noise. In addition to noise, fractal algorithms are often used, it all 
depends on the desire of the developer to achieve realism, or vice versa to create a surreal, eccentric 
landscape.

I pay attention to the Diamond-Square algorithm as it allows for variety, and is ideal for both 
low-poly style and more complex landscapes. Square-diamond - an extension of the 1D midpoint 
displacement algorithm to a 2D plane[1].

What this algorithm has in common with fractals is its recursive behavior. Initially, we set the 
height at the ends of the segment in any way and split it with a point in the middle into two sub-
segments. We shift this point by a random value and repeat splitting and shifting for each of the 
resulting sub-segments. Random shifts should be proportional to the lengths of the segments on 
which the partitions will be made. For example, we split a segment of length l - then the point in the 
middle of it should have a height:

h = (hL + hR) / 2 + random(- R * l, R * l)

Fig 1: Diamond-Square terrain.
Object Collections. Arranging collections using the Harter-Hateway fractal.
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One way to fill the world with details is to arrange collections of objects. A collection of 
objects means a pre-prepared group of objects, such as a city or a forest plantation, that can be 
placed randomly around the world[3]. For placement, they can be used as random walkers, or, for 
example, the Harter-Hateway fractal dragon algorithm may be suitable. Collections can be of any 
size or type, depending on the size of the open world.

The Harter-Heithway fractal is capable of covering the entire terrane. In addition, the 
algorithm can be adapted to any level of detail, and it also synergizes well with the diamond-square 
algorithm.

Fig 2: An example of a collection of objects and a random arrangement of trees.

Complex objects
Collections can be created both from ready-made objects, and procedurally generate objects 

for the collection. You can use the modular method to generate collection objects. The essence of 
the modular method is that we construct an object from ready-made geometric primitives, for 
example: cubes of spheres, cones, etc. This approach allows you to greatly diversify the created 
collections. In addition to simple primitives, ready-made complex components can be used in 
generating objects. Complex components complicate the design of an object, therefore, when using 
them, it is necessary to divide the components into primary (mother object) and secondary 
components[2].

Fig 3: An example of an object generated by a modular approach using secondary complex objects.
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Geometric nodes
For grouping objects in a collection and arranging them on the terrain, it is preferable to use 

geometric nodes. With the help of geometric nodes, we will distribute the collection over the 
surface of the terrain. With the density vertex group, we have additional control over the 
distribution. Using the randomization of the scale and rotation attributes, we give variability in size 
and rotation angle to all objects. You can use multiple nodes, creating layers, and then merging all 
existing geometry[4].

Fig 4: City composed using geometric nodes.

Conclusion
The proposed combination of algorithms copes well with the generation of worlds of any size, 

in addition, the approach will allow generating complex elements of the open world like cities. In 
addition, the approach is quite simple to implement. I find the use of the Harter-Hateway Fractal to 
fill the space to be a particularly good solution, since the algorithm will fill all the available space. 
The rest of the tools will allow you to diversify the elements of the world as much as possible.
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