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ALGORITHMIC MODIFICATIONS

IN PROCEDURAL GENERATION SYSTEMS

The Modified Diamond Square algorithm is presented, as a result of which a 3-dimensional map of the fractal surface is obtained.
This method of visualization using voxels allows to generate the relief structures (caves, canyons, quarries) that cannot be gene-
rated using a regular elevation map. The result of using the modified algorithm is shown on the landscape construction.
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Introduction

Procedural content generation is one of the most
relevant and actively developing areas of the re-
search in the field of multimedia, in particular
in the game industry. The procedural generation
of content (PGC) means the automatic and
semi-automatic creation and dynamic change of
various components of games, including game
objects and levels, two-dimensional and three-
dimensional graphics, effects, sounds, music,
characters, plots, etc. [1].

The role of procedural generation algorithms
for three-dimensional structures in computer
graphics today is quite large. They are used to
generate the effects of smoke, fog, etc. From the
point of view of computer graphics, procedural
generation is indispensable for creating artificial
clouds, mountains, the surface of the sea, and the
like. That is why the current research is the algo-
rithms for generating three-dimensional structures
to work with them.

Procedural generation is a type of computer
algorithms that automatically generates content in
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real time in accordance with the established rules,
laws and restrictions [2—4]. Unlike content, when
the designer manually determines each object and
all parameters of the content being created, during
procedural generation, the result can be somewhat
unpredictable and can generate different content
every time it is launched. One of the advantages
of procedural generation is a reduction in the
development costs of various commercial products.
In the gaming industry, procedural generation is
used in design as key objects of gaming systems.

However, it is easy to make mistakes in under-
standing and applying procedural generation: it is
very important to understand that this is not a tool
for solving all problems. It can be used to obtain a
variety of digital content, or to introduce an ele-
ment of randomness into objects that are long and
difficult to do manually.

Procedural generation algorithms

Consider some procedural generation algorithms.

Perlin noise, sometimes also classical Perlin no-
ise is a mathematical algorithm for generating a
procedural texture using a pseudo-random method.

Perlin noise isagradient noise consisting ofaset of
pseudo-random unit vectors located at the specific
points in space and interpolated by the smoothing
function between these points, isthe most used. The
Perlin noise function generates textures using the
pseudo-random number generation method, but
all texture details are the same size. This property
makes Perlin noise easily manageable; Many
scalable copies of Perlin noise can be used to create
a wide variety of procedural textures. Synthetic
textures using Perlin noise are often used in CGI to
make computer-generated visual elements — such
as object surfaces, fire, smoke, or clouds — appear
more natural, by imitating the controlled random
appearance of textures in nature [5—6].

Voronoi diagram. In mathematics, a Voronoi di-
agram is a partitioning of a plane into regions based
on distance of the points in a specific subset of the
plane. That set of points (called seeds, sites, or
generators) is specified beforehand, and for each
seed there is a corresponding region consisting
of all points closer to that seed than to any other.

These regions are called Voronoi cells. The Voronoi
diagram of a set of points is dual to its Delaunay
triangulation [7].

As implied by the definition, Voronoi cells
can be defined for metrics other than Euclidean,
such as the Mahalanobis distance or Manhattan
distance. However, in these cases the boundaries of
the Voronoi cells may be more complicated than in
the Euclidean case, since the equidistant locus for
two points may fail to be subspace of codimension
1, even in the 2-dimensional case.

A weighted Voronoi diagram is the one in which
the function of a pair of points to define a Voronoi
cellis a distance function modified by multiplicative
or additive weights assigned to generator points. In
contrast to the case of Voronoi cells defined using a
distance which is a metric, in this case some of the
Voronoi cells may be empty. A power diagram is a
type of Voronoi diagram defined from a set of circles
using the power distance; it can also be thought of
as a weighted Voronoi diagram in which a weight
defined from the radius of each circle is added to
the squared distance from the circle's center [8].

The most common algorithm that gives one of
the most realistic results is the Diamond-square (or
square-diamond) algorithm, an extension of the
one-dimensional midpoint displacement algorithm
to a two-dimensional plane.

The diamond-square algorithm begins with
a 2D square array of width and height 2n + 1. At
first, the four corner points of the array must be set
to initial values. The diamond and square steps are
then performed alternately until all array values
have been set.

The algorithm starts with a 2D grid, then,
from four initial values, randomly generates a
height map, ordered as a grid of points, so that
the whole plane is covered with squares.

During the square steps, the points located on
the edges of the array will have only three ad-
jacent values set rather than four. There are a
number of ways to handle this complication —
the simplest being to take the average of just the
three adjacent values. Another option is to «wrap
around», taking the fourth value from the other
side of the array. When used with consistent
initial corner values this method also allows
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Fig. 1. The steps involved in running the Diamond-square
algorithm on a 5x 5 array
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Fig. 2. Visualization of the Modified
Diamond-square algorithm

54

generated fractals to be stitched together without
discontinuities.

Fig. 1 shows the steps involved in running the
diamond-square algorithm on a 5x5 array [7].

Modified Diamond-square algorithm

The modified Diamond Square algorithm is the
relief generation method, as a result of which we
obtain a 3-dimensional map of a fractal surface
that can be used in future projects. The following
describes the structural modifications and an
example application.

Algorithmic Modifications

The algorithm begins with a 3D grid, then, with
eight initial values, pseudo-randomly generates a
height map, ordered in the form of a 3-dimensio-
nal grid of points, so that the whole surface is co-
vered with cubes.

The modified diamond-square algorithm starts
with a three-dimensional array. The top surface
of the points of the array is set to initial values
as false, the lower surface of the points is true.
Unlike the original algorithm, in which there
are only two steps: diamond and square, the new
algorithm has three steps: center, diamond and
square. The center, diamond, and square steps
are performed in turn until all array values are
set. Table 1 shows stepwise differences between
the diamond-square and modified diamond-
square algorithms.

The following describes the stages of the
algorithm, Fig. 2:

Step 1. Initialization of corner points. The
assignment of values to them is true.

Step 2. Step center.

Step 2. Step diamond.

Step 3. Step square.

Step 4. Sequential, recursive calls itself eight
times, until the values of all points are found.

This modification of the algorithm works on
the principle of density, that is, there is a limit in
the algorithm, by which the algorithm will fill the
coordinate with the voxel, otherwise it will leave
the free space, Fig. 3.
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Table 1. Stepwise differences between the algorithms

Step

Diamond-square algorithm (2D)

Modified Diamond-square (3D)

The Centre step

For each cube in the array, there is a
median point in which the average
value of eight angular points is set +a
random value*

The diamond step

For each square in the array, set the
midpoint of that square to be the
average of the four corner points + a
random value

For each cube in the array, there are
reference points where the average
value of five points is set: four corner
points and a center + a random
value*.

The square step

For each diamond in the array, set the
midpoint of that diamond to be the
average of the four corner points + a

For each cube in the array, vertices are
set, which are assigned the arithmetic
average of corner points + a random

random value.

value*

*this is a value added to the points decrease; after the height limit, the random value tends to zero.

This method of visualization using voxels allows
to generate such relief structures as:

* caves

* careers

* rocks

e dumps

 canyons
and other structures that cannot be generated using
a normal height map.

The algorithm presented in this paper has certain
disadvantages:

*speed: the algorithm works with three-
dimensional space, it needs to do approxima-
tely n* — n?> more actions than the original
algorithm;

« control: the original algorithm differed from
others in that it has only one way to control it
through a random factor multiplier, which is a
advantage because the less algorithm controls it
has, the more realistic it can show, but in a modified
algorithm this is a problem as, in most cases, it
creates «flying» structures that need to be removed
using a separate algorithm.

* memory: although the algorithm presented in
the work uses the boolean data type, it uses a lot of
RAM to process.

Software Implementation

In the Unity environment [9—12], demonstration
for building game levels was created, which allows
to construct maps based on the Modified Diamond

NANAVAVAN

Fig. 3. Rendering
voxels

NAVAVA

Fig. 4. The principle
of auxiliary algorithm

operation

ISSN 2706-8145, Control systems and computers, 2019, N2 3 55



A.S. Bulgakova, A.V. Kudriavtsev, V.V. Zosimov, V.A. Pozdeev

Fig. 5. The result of the algorithm

Square algorithm. As a result of its work, we will
obtain a 3-dimensional map of the fractal surface
that can be used in future projects.

The source programme serves to demonstrate
the operation of the algorithm, and is based on
three scripts: the Modified Diamond Square
algorithm, auxiliary processing algorithms, and a
camera script.

To demonstrate the result of the work performed by
the algorithm, it is necessary to be able to move relative
to the model made, for this the camera object was
selected and the displacement script was attached.

The result of the algorithm is rather unstable, it
has single “flying blocks” and “standing blocks”; a
script-handler was created to remove them. Also,
to visualize the vegetation in this structure — the
convenience of inspecting overhanging structures
and caves, a script was created that script as rays
from top to bottom, with the next blocks as
occupied, Fig. 4.
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Fig. 6. The result of the algorithm on the other side
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AJITOPUTMIYHI MOJAU®IKALIIL
B CUCTEMAX MMPOLUEAYPHOI TEHEPALLIT

Beryn. [TporienypHa reHepaltist He3aMiHHA 71T CTBOPEHHSI IITYYHUX XMap, Tip, TOBepxHi Mopst Tomro. Came TOMY HUHIIII-
HIMM JOCTIIKEHHSIMU € aJITOPUTMU TeHepallil TPUBUMIPHUX CTPYKTYP JIJIs1 pPOOOTU 3 HUMU.

Ha BigMiHy Big TOro, KoJu au3aiiHep BpyYyHY BU3HaUYa€ KOXEH 00'€KT i BCi MapaMeTpu CTBOPEHOr0 KOHTEHTY, ITiJl
yac MpoLeAypHOro reHepyBaHHS pe3yJbTaT MOXe OyTH JIelo HemepeadauyyBaHUM i MOXe TeHepyBaTHU Pi3HUI BMIiCT
MpU KOXHOMY 3amycKy. OfHi€lo 3 nepesar npoleaypHoi reHepallii € 3HUKEHHSI BUTPAT Ha pO3pOOKY pi3HUX KOMep-
LiMHUX TPOAYKTIiB.

[TpouenaypHa reHepaliliss Moxe OyTHM BUKOPMCTaHa JJIsi OTPUMAaHHS Pi3HOro 1U(GPOBOro KOHTEHTY ab0 [JIsl CTBOPEHHS
eJieMeHTa B 00'€KTi, IKMI IOBTO i CKJIaJHO POOUTU BPYUHY.
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MeTta crarti — npencraBieHHs1 MoaudikoBaHoro ajnroputmy Diamond Square, B pe3yabraTi poOOTH SIKOTO MOXHa
OTPUMATHU TPUBUMIPHY KapTy hpakTalbHOI ITOBEPXH.

Metomu. Y cepenoBulli Unity Oyna cTBOpeHa IeMOHCTpaLlisl 1isl TOOYyI0BY irpoBUX PiBHIB, siKa H03BOJISIE OyayBaTH
KapTu Ha OCHOBi MoaudikoBaHOro anroput™my Diamond Square. B pe3ynbraTi cBO€i poOOTH OTPUMAEMO 3-MipHY KapTy
(bpakTajqbHOI TOBEPXHi, SIKa MOXe OyTU BUKOPUCTAaHA Y MAlOYTHiX MPOEKTaXx.

BuxigHa nmporpama ciy>XuThb ISl A€MOHCTpallil pOOOTH aJrOPUTMY i IPYHTYETLCS Ha TPHOX CLIEHAPisIX: MOIUDiKOBAHOMY
anroput™i Diamond Square, TONOMIXHUX aJITOpUTMaX 0OpOOKH i CIIeHapiiB KaMepH.

Pesyasratu. B crarTi npeacrasieHo MoaudikoBaHuii anroput™m Diamond Square, B pe3yabTaTi poOOTU SIKOTO OTPU-
MYEMO TPUBUMIpHY KapTy dpakTajibHOI MOBepXHi. Pe3yabraT BUKOpUCTaHHS MOAM(DIKOBAHOTO aJIFTOPUTMY IMOKA3aHO Ha
NpUKJIaAi ModynoBU JaHAIIaGTHOI KOHCTPYKILi.

BucnoBku. 3ampornoHoBaHUIT METOJ Bi3yaizallii mpouexypHoi reHepalii Ha OCHOBI MOAM(DIKOBAHOTO aITOPUTMY
Diamond Square 3 BUKOPUCTaHHSIM BOKCEJIeii 103BOJISIE CTBOPIOBATU PeJibEbHI CTPYKTYpH (Tieuepu, KaHbIOHU, Kap'epu),
SIKi HEMOXJIMBO CTBOPUTHU 32 JOMIOMOTOI0 3BUYAHOT KAPTU BUCOT.

Karouoei caosa: npouedypra eenepauis, 3D, areopumm Diamond Square, 3-eumipna kapma, Komn romepHa epagixa, ieopoi
cucmemu.
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AJITOPUTMUNYECKHNE MOOANPUKALINN
B CUCTEMAX IMPOLEAYPHOM TrEHEPALIMU

Bgenenue. [IpouenypHast reHepalsi HezaMeHUMa ISl CO3IaHUS UCKYCCTBEHHbBIX 00JIaKOB, TOP, MOBEPXHOCTU MOPS U
T.11. UMEHHO MO3TOMY HBIHEIIHUMHU UCCIEIOBAHUSIMU SIBJISIIOTCS QJITOPUTMBbI T€HEPALMU TPEXMEPHBIX CTPYKTYP IS
paboThl C HUMU.

B otinume ot Toro, Korga au3aiiHep BpyYHYIO ONpenesisieT KaxkIblii 00beKT U BCe TapaMeTphl CO3JaHHOTO KOHTEHTA,
MpU MPOLEAYPHOU reHepaluu pe3yJibTaT MOXET ObITh HECKOJIBKO HEMpencka3dyeMbIM U MOXKET FeHepupoBaTh pa3HOe CO-
JIepKaHue MPpU KaxaoM 3arycke. OTHUM U3 TPEUMYIIECTB MPOLIEAYPHOI reHepalluy eCTh CHUXKEHHUE 3aTpat Ha pa3padoT-
Ky Pa3JIMYHBbIX KOMMEPYECKUX MPOTYKTOB.

[IpouienypHas reHepalmsi MOXET OBITh UCTIOJb30BaHAa IS TOTYUYeHUsT pa3HOOOpa3HOTo LIM(MPOBOr0 KOHTEHTA WJIN IS
CO3[IaHMSsI BJIEMEHTa B 00bEKTE, KOTOPBIiA TOJITO U CIOXKHO Je1aTh BPYYHYIO.

Ileas crate — mipeacTaBieHrne MoauULIMpoBaHHOTO aiaroputMma Diamond Square, B pe3ysibraTe padOThl KOTOPOTO
MOKHO TIOJTyYUTh TPEXMEPHYIO KapTy (PpaKTaabHON TTOBEPXHOCTH.
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Metonpl. B cpene Unity Obla co3naHa [1eMOHCTpaLMs ISl TOCTPOSHUSI UTPOBBIX YPOBHEH, KOTOpasi TO3BOJISIET CTPO-
WUTh KapThl HA OCHOBE MOAM(MULIMpPOBaHHOTO ajaroputMma Diamond Square. B pe3ynbrate pabOThI aITOPUTMA TIOJydaeTCs
3-MepHas Kapra (ppaKTaabHOI [IOBEPXHOCTH, KOTOPAsk MOXKET ObITh MCIIOJIb30BaHa B OyAYIIMX ITPOEKTAX.

HcxonHast mporpamMma CayXXuT AJIs1 IeMOHCTPALMKU padOThI aITOPUTMa U OCHOBBIBAETCSI HA TPEX CLICHAPUSIX: MOAUGDU-
LIMPOBaHHOM ajiroputMme Diamond Square, BCIOMOTaTeIbHBIX aJITOPUTMaxX 00pabOTKHU U ClIeHapueB KaMephl.

Pesyasrarnl. B crathe npencrasien moguduimpoBanHblii anroput™ Diamond Square, B pe3ynbraTe pabOThl KOTOPOTO
ToJTy4aeM TPeXMEPHYIO KapTy (ppakTaabHO MOBEPXHOCTHU. Pe3ynbTar ncnoab3oBaHus MOAUMUITMPOBAHHOTO aJITOPUTMA
MOKa3aH Ha MpUMepe MOCTPOeHUs JaHAIIAMTHON KOHCTPYKIIUU.

BoiBoapl. [IpensioxkeHHBI METON BU3yall3alMy MPOLIEAYPHOI FeHepald Ha OCHOBE MOAM(DUIIMPOBAHHOTO aJIro-
putMa Diamond Square ¢ ictiolb30BaHUEM BOKCEJIei TIO3BOJISIET CO3MaBaTh peibeHbIe CTPYKTYPHI (TIelephl, KAHbOHBI,
Kapbepsbl), KOTOPbIe HEBO3MOXKHO CO3IATh C TIOMOIIBI0 OOBITYHOM KapThl BBICOT.

Karoueesvie caoea: npoyedypuas eewepauus, 3D, areopumm Diamond Square, 3-mepuas xapma, KoMnvlomepHas epapuxa,
Uepogble CUCMeMbl.
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