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Procedural content generation (PCG) of terrains is one of the main building blocks for creating an automated and real-time virtual
world. This study provides and in-depth review of the different tools, algorithms, and engines used for the PCG of terrains for the
PCG of digital worlds; we focus especially on terrain generation but address also the main issues related to build structures and
characters. It is important to know that the PCG of terrains can be implemented in a multidisciplinary scenario, for instance,
modeling of games, simulating industrial maps, urban and rural planning of developments, government, and nongovernmental
agency improvement plans. Many problems in current approaches were identified from the literature, where most of the
researches studied were merely throwaway prototyping based, i.e., proof of concept-based systems, and were not tested in the
real environment. Also, genetic algorithm-based PCG of terrains lack multiple features such as roads and buildings. The virtual
cities generated through different engines were lacking a realistic look and feel. Terrain generation through multiobjective
evolutionary algorithms (MOEAs) is investigated, and it is deemed the usage was restricted to the gaming domain and not
extended to other fields. Findings suggest that the correctness of generated terrain is a big issue in the automatic generation of
terrains. Thus, a focus on the automated correctness check is required. Other important content generation in video games
such as structure generation and character generation has been extensively studied, and the techniques are analysed in the
further sections of this research work.

1. Introduction

A digital twin is a computer software that creates simula-
tions based on real-world data to forecast how a product
or process will perform. To improve the output, these appli-
cations may use the Internet of Things (Industry 4.0), artifi-
cial intelligence, and software analytics. These virtual models
have become a standard in contemporary engineering to
drive innovation and enhance performance, thanks to
advancements in machine learning and elements such as
big data [1]. In brief, having one may help improve strategic
technological trends, avoid expensive breakdowns in physi-

cal objects, and test processes and services utilizing superior
analytical, monitoring, and predictive capabilities.

Human society has evolved in terms of disruptive tech-
nologies for breaking the long-held business rules using
business process reengineering (BPR) [1]. One of the most
significant disruptive technologies used by software devel-
opers is designing and implementing virtual worlds and
their simulation and modeling content. Electronic games
consume a significant part of our daily time, especially in
urban areas where the Internet is available and access to
game-playing hardware and software is available. The World
Economic Forum estimated the gaming industry’s revenue
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to be approximately USD 165 billion in 2020 [2]. It has been
roughly 62 years since the computer gaming industry began
during the late 1950s, with the first game’s creation named
“Tennis for Two” by physicist William Higinbotham [3].
Since then, electronic computer games have progressed,
improved, and grown. Games are influenced by social norms
and values, human views, and relationships, and most
importantly, it has helped the game-playing community,
content creators, and developers to understand the advance-
ments in computer technologies. The 1970s saw the intro-
duction of arcade games and gaming consoles. Personal
computers were introduced in 1975, targeting niche markets.
The gaming industry was still working on introducing new
games and ideas for this technology’s public use. In the
1990s, the personal computers were mass-produced, and
hence, the home gaming consoles rapidly increase. The
acceptance of home gaming came with the development of
the first-person shooter game [4]. The continuous and rapid
growth of the industry and incorporation of 3D content has
made the video gaming industry phenomenal in size [5]. As
such, the demand for exciting content design and generation
has increased. The gaming industry’s content creators and
developers are coping with meeting the demands of these
high-end users. These users are always eager to look for
undiscovered exciting and challenging content within the
minimal time possible and less cost incurred.

The technology advancements and high-end computa-
tional power availability have resulted in the game-playing
community becoming very choosy and cautious in adopting
a game. Video game developers and content creators always
struggle with content production in terms of quantity and
quality. Manual efforts and labours increase production
costs and the time to deliver to the market. In game produc-
tion, the content creators and developers use various tools to
produce exciting content like Maya [6] and Unity 3D [7].
The game developers must create a virtual world for the
game and create various types within that world along with
interactive stories and playable levels. The whole process
needs to be scalable [8] and cost-effective for the producers
of games and the whole gaming community. Content gener-
ation for video games has been a critical concern for video
game developer and producers. The journey from manual
content creation in video game development to content cre-
ation through algorithms has been challenging. The
researchers have been trying a mix of ideas from pure man-
ual content creation to mix and automated content genera-
tion [9].

In video and electronic games, procedural content gener-
ation (PCG) creates the gaming world’s content in an auto-
mated manner, using algorithms. The content can range
from playing characters, nonplaying characters, storyline,
and puzzles to the ecosystem and environment, which create
the ambiance and feel [10] of the storyline being played.
Thus, to generate many contents, the PCG mechanism is
used. There can be several reasons and purposes for using
such content generation methods. The approach can reduce
the duration and cost of the content generation process [11],
achieving the right time-to-market and affordable content.
Also, exciting and unpredictable content to the game’s users

is aimed at increasing the fanbase and playtime. According
to Freiknecht and Effelsberg’s definition [12], “procedural
content generation is the automatic creation of digital assets
for games, simulations or movies based on pre-defined algo-
rithms and patterns that require a minimal user input.”

According to Merriam-Webster’s [13] definition, terrain
refers to a geographic area or a piece of land with physical
features, which tend to erode. When it comes to electronic
video games, simulations, or videos, then terrain or virtual
terrain is considered virtually. A virtual world resembles an
actual physical terrain or product of pure imagination and
fantasy or even a mix of both. Virtual terrain modeling
and generation are crucial in games and simulations and
training applications [14]. The goal is to create a terrain that
is as per the requirements with minimal effort and keeping
the element of surprise and interest intact. Virtual terrain
in gaming is a stage set where the story and its characters
work together in a coherent and immersive manner to create
an exciting experience. The gaming environment’s terrain
adds value to the story and increases the interest level of
the players, and an example could be tropical or urban
terrain.

Auto terrain generation is one of the critical factors that
can significantly reduce the cost and efforts involved in
developing a new electronic game. Cost and time are not
the only factors that are of concern to the game developer
and designers. It is also vital that the content is exciting
and unpredictable to keep the audience and gaming users
engaged. Apart from the electronic gaming domain, the
interesting uncharted and unpredictable content generation
is a critical factor in simulation and virtual training systems.

According to Hecker [15], “the game based on random
generation will build the content based on the predefined
elements that the developers hard coded” and “the game
based on procedural generation which create original con-
tent itself for the player of explore or use.” These can be used
to generate elements of a game. For example, in the game
“Binding of Isaac,” random generation is used, whereas in
the games like Minecraft and Terraria, procedural genera-
tion is used. The most important terminology in procedural
generation is the noise, also known as the Perlin noise. Perlin
noise is a procedural texture primitive, a kind of gradient
noise used by visual effects artists to make computer images
seem more realistic. Although the function seems to be pseu-
dorandom, all its visual features are the same size. In terrain
generation, the first step is to create a horizon with hills, val-
leys, and mountains. To create this, an offset is introduced
which will create patterns to make the terrain more interest-
ing. To shift this offset randomly, Perlin noise is used to
introduce the variation in the terrain. The offset can be
shifted up and down or left or right to create smoother
and more realistic terrains like mountains, hills, and valleys.
The same principle can be used in 3 dimensions to generate
caves by using two sets of noise generators in two axes. The
intersection of each point in space will be the new point that
defines the height or depth in 3D space.

The gaming industry and other niches are also keen on
utilizing modern technology trends to achieve their virtual
and automated content generation [16]. For instance, the
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tourism industry has explored the virtual tourism concept
[17]. Virtual tourism might be the only method of sightsee-
ing and tourism in the future in case there are pandemics
such as COVID-19. Such an approach may apply to various
domains where social gathering and mobility are restricted
[18]. Urban planning and landscape designing are time-
consuming and expertise-oriented jobs are critical for
humanity’s future. Also, top academic universities teach
architecture design and urban planning [19] involving vir-
tual terrains for the planning phase. The industry-leading
solution providers in GIS and urban planning also provide
solutions [20] that help the urban planner and architects.
PCG can help them to rapidly build terrain plan with mini-
mal effort while remaining focused on the desired goals. Vir-
tual terrains are practical in mission-critical domains where
the usage of existing tools and machines is not feasible.
Therefore, pilots trained by using a simulator are compara-
tively cheaper as compared to being trained multiple times
in actual scenario [21].

The virtual terrain is a crucial component of the virtual
world. Such terrain is applicable for games or any other vir-
tual world or any other applicable niches. According to the
findings, the accuracy of created terrain is a major concern
in the automated production of terrains. As a result, the
automatic correctness check must be prioritised. Other key
content generation methods in video games, such as struc-
ture creation and character generation, have been widely
investigated, and the approaches are discussed in the follow-
ing sections. Nonetheless, manual terrain generation is a
time-consuming and tiresome job and requires enormous
effort and cost. Therefore, automated terrain generation is
needed when we need a reduction in time and cost to deliver.
It can also help in desired terrain generation with more
minor or no input requirements. This work will study the
previous work done in the field of procedural terrain gener-
ation. The last section concludes the paper and future direc-
tions to the research in the same domain.

2. Terrain Generation

According to Yin and Zheng [22], the users can naturally
place terrain features through the Parametrically Controlled
Terrain Generation (PCTG) method. It can be achieved by
making sketches and adjustable parameters that can easily
be understood while controlling the terrains’ generation pro-
cess. It is pertinent to state about the importance of proce-
dural generation of terrains that the terrain’s synthesis is
widely applied in simulation training, moviemaking, and
computer games. Experimental results have shown that the
use of terrains is very efficient [23]. The gaming industry is
increasingly focusing on procedural content generation
methods, according to Frade et al. [24]. Considering the high
degree of unpredictability of the procedural algorithms
employed in video games, the gamers are expected to per-
form several tests and simulations to obtain an effective pro-
cedural system.

2.1. Procedural Terrain Generation. Players in computer
gaming can easily be modelled by using AI agents while at

the same time producing gameplay data [25]. The agent
employed is capable of shooting and moving different gam-
ing scenarios. Moreover, the terrain developed is specific to
game content and is being implemented in video games.
Technically, the automated generation of terrains in com-
puter gaming makes the development of computer games
cheaper and thus reduces the designer’s work. It also
enriches the experience of the player by continuously offer-
ing new game content. The work employs a turn-based 2D
shooting game and emphasizes designing a gameplay-
driven terrain generation in Scorched Earth. The features
of the game also entail trajectory projectiles for gravity man-
agement. After every turn, the player can estimate the shoot-
ing angle and the projectile power for firing. Players can also
avoid hitting the terrain when they estimate the correct
shooting angle. Players also have the possibility of moving
the tanks so that they can position themselves while
shooting.

Procedural generation is a way of producing data algo-
rithmically rather than manually in computers, usually by
combining human-generated materials and methods with
computer-generated randomness and computing capacity.
It is frequently used in computer graphics to produce tex-
tures and 3D models. It is used in video games to automat-
ically generate enormous volumes of material. Smaller file
sizes, more content, and unpredictability for less predictable
gameplay are some of the benefits of procedural generation,
depending on the implementation. A subset of media syn-
thesis is procedural generation.

PCG is an important technique for computer game
development that is likely to become even more important
in the future, both offline, for making the game development
process more efficient (designing content such as environ-
ments and animations now consumes a large portion of
the development budget for most commercial games), and
online, for increasing replay value, ad revenue, and other
benefits.

According to [26], Procedural Content Generation for
Games (PCG-G) is tough since the generator must produce
material, adhere to the artist’s limitations, and provide
players with intriguing examples. The paper discusses a
six-layer taxonomy of game content: bits, space, systems,
scenarios, design, and derived, and highlights various poten-
tial research possibilities in PCG-G.

The paper [27] describes how customized levels for plat-
form games may be produced automatically. By developing
models that predicted player experience based on level
design elements and playing behaviors. These models are
built using preference learning and are based on question-
naires given to participants after they complete various
stages.

The paper summarizes the procedural game level gener-
ation by developing

(1) more accurate models based on a much bigger data
set

(2) a system for adjusting level design parameters to
specified players and playing styles
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(3) assessment of this adaptation mechanism using both
algorithmic and human players

In the paper [28], a search-based procedural terrain gener-
ation is defined, and the aim was to investigate what can and
cannot be achieved by the approaches that go by that name
and highlight some of the field’s key research problems. The
paper further discussed the correlation between search-based
and other different types of procedural content generation
methods.

DTL (Dungeon Template Library) [29] is a software
library tool used to generate rougelike and terrain generation
based on procedural generation.

THREE.Terrain [30] is an engine working on the proce-
dural generation method which is used for terrain genera-
tion using Three.js 3D graphics library.

We classify the work done in procedural terrain genera-
tion into mainly four categories based on the algorithms’
nature. These categories are as follows:

(1) Genetic algorithm-based approaches

(2) Engine-based classification approaches

(3) Multiple objective-based approaches

(4) Other approaches

2.1.1. Genetic Algorithm-Based Approaches. Designers may
generate terrains depending on their aesthetic sentiments
or desired characteristics using the Genetic Terrain Pro-
gramming approach, which is based on evolutionary design
using genetic programming. This method develops Terrain
Programs (TPs), which can produce a family of terrains—-
different terrains with the same morphological properties.
The Interactive Genetic Algorithm (IGA) used for terrain
generation means those algorithms where human evaluation
or fitness test is needed. A nonspecialist can use the IGA in
the generation of rapid terrains [31]. Additionally, graphics
engines can allow terrains to be specified using more than
800 floating-point parameters. However, the increasing
number of floating-point parameters can overwhelm non-
specialist users. The design of an auto terrain generation sys-
tem (TAGS) is discussed in this research. TAGS is
specifically based on the implementation of the IGA and
addresses complicated procedural technique issues. The pro-
posed design implements user preference, thereby exploring
the multidimensional parameter space for satisfying aes-
thetic and user intuition. A semiautomatic technique with
computer-aided modeling and physics-based modeling can
be an innovative work. The combination of these techniques
will reduce the aspects of the user input and, at the same
time, promote high-quality output. Walsh and Gade [31]
suggested that TAGS has been proven merely as a proof of
concept. A more controlled study with unbiased users, a
large sample of users, and many features are needed to
acquire accurate results. Many features are not included,
such as roads and buildings in the terrain generation, which
makes the generated terrains unrealistic.

Wheat et al. [32] introduced a PCGmethod for generating
2D game difficulty levels tailored to a particular gamer’s skills.
Dynamic difficulty adjustment (DDA) technique, based on
genetic algorithm, helps attract a larger gamer group by gener-
ating numerous levels. The study emphasizes game content’s
procedural generation, precisely dynamic game level difficulty
on 2D platformer games. The study is specific to the game
developed and not generalized. Only four parameters were
considered in the study, along with a small number of partic-
ipant sample. The results are suggestively requiring further
study and research.

2.1.2. Engine-Based Classification Approaches. Rhalibi et al.
[33] applied procedural methods to the 3D game environ-
ment by producing dynamically different game levels with
random and user-selected constraints. The work is deemed
not to have been tested by an actual company for evaluation.
A web application development in Java programming lan-
guage was part of the study, and future incorporation of arti-
ficial intelligence agents is intended to arrange the game
world.

Dynamically generating structures such as cities with var-
ied building structures by using PCG is among the current
gaming industry approaches, as discussed by Greuter et al.
[34]. In combination with algorithms, pseudorandom num-
bers produce a variety of buildings and streets, creating an
impression of a city. The cities, however, are not as realistic
because most of them are office skyscraper-type buildings
without houses, factories, and schools, i.e., small buildings.
During the rendering process, the building occluded by others
is not needed to be drawn.

2.1.3. Multiple Objective-Based Approaches. A procedural
generation of maps using a real-time strategy (RTS) game
was developed by Lara-Cabrera et al. [35]. Kohonen network
was used for evaluation purposes. A multiobjective evolu-
tionary algorithm (MOEA) was utilized to evolve maps
and to categorize the distance to bad or good in the training
set. User involvement is entirely focused on aesthetics only
and not on the playability in the games. In other domains,
e.g., urban planning or city designs, other factors are empha-
sized, i.e., aesthetics related to the urban planning or land-
scaping norms.

Component-based generation of terrain can be achieved
by selecting features from available ones having specific attri-
butes. Such technique has been achieved for software product
line shown by Khan et al. [36]. Thus, a multiple-level user’s
defined objective can be used as a selection criterion for the
terrain’s components or features to generate it automatically
for various purposes. The approach is not specifically for ter-
rain generation instead for software product line generation.
However, based on the feature’s selection algorithms, terrains
can be generated as per the user’s set objectives.

2.1.4. Other Approaches. This section summarizes different
terrain generation approaches which do not fall in the cate-
gories of previous sections. It is essential to generate the pro-
cedural contents dynamically [37]. Role-play game (RPG) is
a popular genre for many gamers. The procedural content
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generation (PCG) reduces the design efforts and the time for
game development. The researchers in [37] employed a
machine learning approach to predict the type of player
using the Bayesian network and produce suitable game con-
tent but with low accuracy. One possible reason was that the
generation occurred in a semiautomated manner. Also, there
was no access to the source code of the study’s target game,
limiting achieving the desired accuracy. The study worked
on predefined role-playing game (RPG) elements rather
than randomly generated elements and components.

Game development is cumbersome and complex, where
the development of terrain, environment, objects, and char-
acters needs to happen [38]. De Carli et al. [38] stated differ-
ent methods and techniques, i.e., classical and current about
PCG, suitable for game development for producing terrains,
coastlines, rivers, roads, and cities. Such a method may assist
in reducing the cost of game development. This study also
clarifies assistive and nonassistive methods for content gen-
eration and mainly focuses on cost reduction using nonas-
sisted methods for content generation.

Roberts and Chen [39] introduced a novel machine
learning PCG approach called “learning-based procedure
content generation (LBPCG),” which can produce vigorous
content for the gamers with a lesser interruption while the
game is being played. However, user testing results were
not rigorous to predict the effectiveness and satisfiability of
the proposed framework. The research work predominantly
focused on the computational efficiency in online content
rather than the generation of quality content. Content cate-
gorization is based on the developer and their prior knowl-
edge of the user’s preferences. Also, the approach is not
economical.

Luo et al. [40] proposed a data-driven scenario genera-
tion framework for game-based training. For scenario evalu-
ation, the time of the event is necessary to be considered.
Integration of simulation, training model for content evalu-
ation of the game, and AI player modeling was the para-
digm’s primary goal. The generated model of scenarios
does not include persistent objects within the generated vir-
tual environment. As per this study, the framework only
works on the set of commands and does not accept open
inputs in the form of open text, for instance.

Quality assurance and effective control for the designers
are the two significant challenges in PCG [41]. Super Mario
Bros (SMB) was used in the case study to demonstrate the
effectiveness of interaction between rule-based and learning-
based methods for generating game levels. The merger was
proved to be effective in producing quality and controllable
game levels. Undesirable content is removed using rules
known as constructive primitives (CP). The learning-based
approach is prone to potential errors and hence needs to be
further researched.

Since it is hard to match the accuracy and quality of a
handcrafted design with the PCG, Shaker et al. [42] designed
a fitness function for SMB levels via a grammatical evolution
algorithm. Player experience has not been incorporated in
the fitness evaluation mechanism. To ensure playability,
the grammatical evolution generator produces levels with
less density.

Smith et al. [43] worked on a launchpad to create an
autonomous level generator based on rhythm and pace for
2D platformers. Two parameters, i.e., quality assurance and
designer control, were introduced by the launchpad genera-
tor. The core focus was on performance; hence, the addition
of complex components resulting in complex levels will slow
down the performance.

Another game level PCG, based on generating character-
sequence levels, was developed for “Angry Birds” by Jiang
et al. [44]. Two methods, i.e., pattern-struct and a preset
model, were used for constructing the “funny quote PCG”
for different levels. The structures are evaluated based on a
fitness function, which considers several important struc-
tural aspects, i.e., the number of pigs and blocks. There is a
need for a mechanism to test the generated levels for play-
ability and involve player experience and emotions in the
generation process. Common problems in the procedural
content generation of terrains are shown in Figure 1.

Training on short datasets, a lack of adequate data,
parameter tweaking, and other issues plague the PG
machine learning technique [9]. Most procedural content
generation techniques (PCG) do not include assessment,
and designers establish the goals. Automated generation,
artificial intelligence-assisted design, maintenance, analysis,
and data compression are some of the applications for
PCGML. The suggested study focuses on autonomous gen-
eration, which combines the algorithms and the fitness func-
tion to develop game material without human input. Video
games are a popular kind of multimedia that requires a wide
range of machine learning techniques. In general, game
design necessitates that the game’s level be both playable
and attractive [10]. Simultaneously, there is no universally
accepted method for standardizing datasets and evaluating
performance in game design difficulties.

The 3D nonassisted PCG method was developed for 3D-
canyon scenes by De Carli et al. [45] based on noise-
generated heightmaps. K-means is a supervised assistive
method [46]. A nonassisted mean shift algorithm and image
operations were used to portray a canyon design. However,
improvements are needed to ensure that the generated
design is realistic by incorporating credible textures, vegeta-
tion, and other objects.

Table 1 summarizes and tabulates the different algo-
rithms and software used for generating terrains for game
levels.

2.1.5. Procedural Terrain Generation Software’s and Its
Applications. Terrain generation and procedural terrain gen-
eration are in the market and industry for quite some time.
There are various software and applications that exist to gen-
erate terrains in various formats. The generated terrains later
can be exported into several compatible formats for the tar-
get. This study also investigates different generation software
available in the market. However, there is insufficient schol-
arly data and information about most of the tools and appli-
cations. The information gathered is categorized according
to the criteria of open source/closed source, 2D and 3D sup-
port, export or output, input controls as having graphical
user interface or command line interface, and scripting. This
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study also attempts to gather information about the underly-
ing algorithms used in terrain generation within the
applications.

Based on the study, the applications show that most pro-
cedural terrain generation tools are either standalone terrain
generators and editors or part of a complex application, i.e.,
features as a plugin. In either case, the user requires prior
knowledge of terrain generation and tweaking. Also, if the
generated terrain is not as per requirements, the user may
edit the content. Terrain generation in addition to manual
verification for correctness is the key to such tools. This
approach may be feasible for the domain experts but not
for a user with limited knowledge about terrain generations.
For instance, an urban planner that is not technically pro-
found using terrain generation tools may expect less manual
intervention with the tool concerning terrain editing. The
urban planner’s interest will be that a city environment is
generated with correct measurements and necessary utilities
and modalities with minimal or no corrections.

There exists a tool for terrain generation supported by
different engines. There is information about open-source
and closed-source software for terrain generation, 2D and
3D capabilities, export formats, the algorithms used, and
the user control for the generation of the terrain, i.e., graph-
ical user interface based or command-line interface. There is
few open-source software that exists which can offer full
support for 2D and 3D. Also, there is barely any information
about the algorithms used (only a few share that info), while
almost all have support for the graphical user interface to
generate terrains.

Figure 2 shows the interface for the World Machine ter-
rain generator. It provides manual controls and editing fea-
tures for terrain generation and modification.

The interface for “Artifex Terra 3D” is shown in
Figure 3, where it allows terrain editing in real time based
on the heightmap. It also has texturing capabilities.

The EarthSculptor tool has an easy-to-use user interface,
as shown in Figure 4. It is also a real-time heightmap editor

Open issues of
PCG of terrains

Correctness of generated
terrain

Realistic look and feel of the
generated terrains

Realtime generation of terrain 
based on machine learning 

approaches 

A need for an original dataset 
(inclusion of enough features 
to support multidisciplinary 

environment

Figure 1: Common problems found in the PCG of terrains.

Table 1: Tabulated summary of the terrain generation algorithms.

Reference Algorithm Characteristics

[47] Fractal noise, e.g., Perlin noise
Interpolation discontinuity of the second-order and nonoptimal gradient

calculation

[48] Midpoint displacement algorithm
The midpoint-displacement model for mountains now includes a squig-curve

model of a river’s path

[49] Diamond-square algorithm
Terrain height is generated at random from four seed values organized in a grid of

points, covering the entire plane in squares

[50] Simple collision algorithm Texturing and creating lifelike textures

[51] Squarified treemap algorithm In a two-dimensional region, show tree structures

[52]
Intent-driven partial-order causal link

(IPOCL) planning algorithm
It solves the constraints of traditional causal dependency planners

[53] Long short-term memory (LSTM) Generation of simulated and original game levels and human level trajectories

[54] Multidimensional Markov chains
The state space of a Markov chain that simulates the behavior of a system is

frequently infinite in several dimensions

[53] Autoencoder CNN algorithm Heuristic approach for generation of terrains of all kinds
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that can generate terrains for various purposes in other tar-
get applications.

2.2. Random Terrain Generation. Random number genera-
tors generate a predictable, periodic series of pseudorandom
numbers [55]. There are two kinds of random number
generators:

(1) Computer software pseudorandom number genera-
tors (pseudorandom number generators) are soft-

ware versions of random number generators. They
do not create random numbers. Instead, they repli-
cate actual randomness by simulating the selection
of a value using algorithms

(2) Hardware random number generators (HRNG) are a
kind of random number generator that uses a phys-
ical mechanism rather than an algorithm to generate
random numbers. Thermal noise, photoelectric
noise, diffraction grating noise, and other quantum

Figure 2: World Machine: terrain generator/editor.
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Figure 3: Artifex Terra 3D.

Figure 4: EarthSculptor.
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processes are examples of tiny occurrences that pro-
duce low-level, significantly unpredictable “noise”
signals

According to the paper [56], the uplift model, a novel
and simple-to-implement terrain generator, is described in
this study. It is based on the geology hypothesis of crustal
deformations caused by uplifts. The eventual net impact of
a series of uplifts on the Earth’s surface is an average of the
effects of each uplift at each location on the terrain. The
application of this natural model results in a highly
realistic-looking effect in the produced terrains. The model
has six parameters that enable for a wide range of landscape
types to be generated. Comparisons are performed with var-
ious terrain creation algorithms that are already in use.
Averaging causes the surface to erode, whereas fractal sur-
faces are spiky and more suited to extraterrestrial planets.

In the paper [57], the suggested terrain model relies on a
height-field representation that has been enhanced with
materials and hardness data. The Poisson Faulting method,
which was originally employed to create fractional Brownian
surfaces, is the technique’s starting point. The fault line gen-
erator’s step function was changed with a circular one in the
update. The resulting geometry was used to classify materials
and calculate the hardness of the terrain model. The finished
model was created by eroding geometry in accordance with
the materials and their hardness data.

As per the paper [58], the goal of the authors is to apply
the fractal dimension idea to assess the quality of raster dig-
ital elevation models (DEM). Most DEM evaluation
approaches, which consist of calculating a global accuracy
with respect to a reference, ignore artefacts generated by dig-
itizing and sampling. They offered a method for computing
fractal dimension based on the fractional Brownian motion
model and utilized this model to highlight certain artefacts
in digital elevation models.

Terrain generator [6] is a software based on random
level terrain generation as a game that combines art and pro-
gramming to create a natural-looking landscape. Slopes, soil,
trees, cliffs, water, and other natural features may all be
found in terrain. Stamping and pen techniques are fre-
quently used to make them, and they are classified as games,
simulations, and art. Simple 2D textured blocks to sophisti-
cated 3D terrains are all possible.

3. Structure Generations

With the advancement in the gaming industry and the need
for large quantity of content, the two most crucial parts of
organic generations are as follows:

(1) Building generators

(2) Structure generators

The most popular procedural content generation (PCG)
application is the generation of structures, cities, and build-
ings. “Citygen” [59] is a city generator system which gener-
ates the modern city’s urban geometry. The system can
develop the entire structure and system for roads and foot-

prints of buildings with an input of just the terrain model.
This system can then be used to place the buildings automat-
ically or manually. There are several city generation tech-
niques, they are as follows:

(1) Geometric rule-based systems

(2) L-systems

(3) Agent-based systems

(4) Template-based systems

(5) Split grammars

The methods described above show how to create collec-
tions of structures or even entire towns, but there have also
been attempts to construct building interior “floor plans.”
The project, LaHave House, uses shape grammars to pro-
duce floor layouts. Based on player movement and position-
ing, a system that produces office building rooms in real time
was created. Martin [60] investigated a graph-based tech-
nique in which rooms are treated as nodes and connections
between rooms are treated as edges, with user-defined limi-
tations such as room count and room function.

PCG approach has been effectively applied to generate
numerous game contents, i.e., textures, geometric models,
animations, and even sound clips [61]. PCG techniques for
terrain elevation, water elements, vegetation, road networks,
and urban environments are discussed in detail by Smelik
et al. [61].

Tutenel and Bidarra [62] created a rule-based system
that uses a semantic database to identify room kinds, and
entities can form associations with their near neighbours.
The concepts in this research were greatly influenced by
Tutenel et al. [63], who tested a restricted rectangular L-
growth algorithm that generated fully connected rooms for
buildings. In a rectangular-growth-based technique, Camoz-
zato et al. [64] procedurally create floor layouts using a
hand-drawn building façade as input. Guo and Li [65] devel-
oped a system that creates multilevel structure floorplans
using a combined method of agent-based search and
optimization.

The methods to generate buildings can be bifurcated into
two parts:

(1) Floor plan generation

A basic restricted growth algorithm is used to produce
the floor layout. The original inspiration for utilizing this
as a floor plan generator came from Tutenel et al.’s [63] L-
shaped restricted growth technique. Unlike their technique,
this one does not expand in a rectangle pattern, instead
using a single block as the natural granular unit in Minecraft.

(2) External wall generation

The system then begins the process of constructing the
external walls after the floor design has been produced. This
is accomplished by employing a technique known as Cellular
Automata (CA), which is derived from a family of
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algorithms known as Cellular Automata (CA). CA is
employed in this system to self-organize the placement of
solid blocks and glass panes, resulting in unique structural
external walls. This system employs neighbour summation,
which means it is less concerned with neighbour states and
more concerned with the total of those states. If the block
is a window, it is a 1, and if it is a solid block, it is a 0.
Because each block has four neighbours in addition to itself,
the sum of the states can be anything between 0 and 5. At
wall start-up, a matrix representing the building’s height at
width/depth (depending on which wall is being created) is
generated at random, with solid blocks accounting for 75%
of the wall and glass blocks accounting for 25%.

4. Character Generation

Both the characters and the setting in video games are vital
in establishing a feeling of immersion for the player.
Although each figure may be created by hand to make them
seem more lifelike, filling a gaming world with more than
100000 individuals makes the process intrinsically compli-
cated. In such circumstances, developers must consider add-
ing new technologies to automate and speed up their
development cycle. The procedural element of PCG is where
the knowledge of how to make something (the generative
part) is put into action to generate the desired sort of content
[55]. That implies there is a need to build up a system that
can be given a certain set of instructions, ideally parametriz-
able, and will return a specific outcome. Using a modified
style-based generative adversarial network (StyleGAN), a
form of neural network, a novel approach for procedurally
generating Nonplayable Characters (NPCs) in video games
has been offered. The most cost-effective way for gaming
content creation is PCGML, which stands for Procedural
Content Generation with Machine Learning. It is used to
cut production effort and conserve storage space. Their
method combines PCGML with StyleGAN to create NPCs
that were distinct in both look and behavior. Character cre-
ation is influenced by the attributes or features, resulting in a
diversified and engaging gaming environment for the
players.

Developers utilize the DCG to overcome a major issue in
the video game development cycle: time. These algorithms
are used by game developers to shorten the time it takes to
produce a game or aspects of it. Real-time strategy (RTS) is
a video game genre in which players must take control of
safe regions of a map and remove their opponents’ assets
(e.g., towers, buildings, and shelters). The Multiplayer
Online Battle Arena (MOBA) is a subgenre of this genre that
enables two teams to battle against each other online. In gen-
eral, maps are static, and the amount of material accessible
to players is continually increasing as the game grows. Due
to design challenges caused by the newly additional content,
game designers must spend an increasing amount of effort
while creating these games. In addition, the topography of
MOBA game levels is built on heightmaps, which are well-
suited to the use of generative algorithms [28].

The role-playing game (RPG) format is used to create
characters in MOBA games. This approach determines a

character’s strengths and weaknesses based on a set of
values. They have a level value that is a direct representation
of how the learning process works, in which a character may
acquire experience points by doing certain activities. Then,
when they achieve a particular number of points, their char-
acter is promoted to a higher level, thereby making it stron-
ger, resulting in a more experienced person.

There are also a set of qualities that specify things like hit
points (the amount of damage a character can take before
dying), damage resistance, and magical damage. These char-
acteristics determine how effectively a character succeeds in
various scenarios. Characters are divided into classes based
on their level and qualities. Classes specify the collection of
abilities that a character may have [29]. These are unique
powers that a character may utilize to help them in battle
and accomplish various special acts.

5. Role of Procedural Generation in
Digital Twins

We may want to populate the digital twin with organic or
inorganic matter. This is where procedural generation would
help. The information from the sensors is unaltered whereas
the surroundings, buildings, avatars, and extra objects can be
generated using the procedural generation techniques as
mentioned in this research [28]. Procedural generation is a
means of producing data algorithmically rather than manu-
ally in computers, usually by combining human-generated
materials and methods with computer-generated random-
ness and processing capacity. It is extensively used in com-
puter graphics to produce textures and 3D models [29].

6. Conclusion

Based on the investigative literature findings, it is deemed
that plenty of work has been done in the terrain generation
domain. However, many research types remain open and
offer opportunities for improvement in PCG of terrains for
modeling and simulations. The PCG of terrains can be
implemented in a multidisciplinary scenario for modeling
games, industrials maps, urban and rural planning of devel-
opments, government, and company improvement plans.
The critical finding identified through the literature is that
many research studies are merely proof of concept and were
not tested naturally. It was found out that genetic algorithm-
based PCG of terrains lack multiple features such as roads
and buildings. The cities generated through different engines
were lacking a realistic look and feel. Terrain generation
using MOEA is also analysed, where the application is
restricted to the gaming domain and not extended to other
fields. The correctness of generated terrain is also a signifi-
cant challenge in the automatic generation of terrains; thus,
a focus on the automated correctness check is essential. The
modern user’s current technological and aesthetic require-
ments demand fast, exciting, and quality content generation.
The content, which can be playing on nonplaying content,
must be usable. Hence, procedural generation methods are
the best candidates for terrain and game content generation,
quick, exciting, and usable. This research study has
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highlighted the different genres in the domain ranging from
terrain generation, level generation to complete city, and vir-
tual world generation. Therefore, it is recommended that
further research work is necessary to evaluate the autogener-
ated terrains on aesthetics of users, e.g., of different ages, cul-
tures, and preferences. At the same time, the validation of
the generated terrain must also be verified for correctness.
Indoor localization sensor combinations that include the
software necessary for sensor data fusion in addition to the
hardware should be employed. Processing systems, sce-
nario-live-simulations, and digital shop floor management
result in a procedural mix that must be followed. The capac-
ity to constantly give all subsystems with the most up-to-
date status of all essential information, procedures, and algo-
rithms is critical to the digital twin.
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