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In this work was conducted analysis in machine learning sphere for self-driving cars. Machine
learning helps to extend spheres where of Artificial Intelligence where simple algorithm could not
help.. That’s why developers are trying to create, find and form different data sets for their
Artificial Intelligence training and improvement.

Every Artificial Intelligence needs their specific data set, for executing some actions. For
example, for face identification we need dataset with faces, for text segmentation — text corpuses.
That’s why Artificial Intelligence for self-driving cars needs their own data set.

Methods, which are used for its implementation, they need to build an iterative training on
game maps, which will give results depends on training object on the map. In this work is
described reinforcement learning method, which is a basis for building self-driving systems. Also
was conducted examples of a training such Artificial Intelligence and displayed game map that
are developed and available nowadays.

To provide such game maps, different algorithms are used to generate such game maps. Such
algorithms are used in game industries for building levels that can have different sizes, event
bigger than our planet. That’s why in this work were conducted descriptions to the companies and
games that are using automatic game map generation.

In this work was conducted verification of an algorithm for road infrastructure generation and
investigated algorithms for game map generation and as a result was implemented simple and
fully automated algorithm for generating infrastructure. To build a full picture about such
algorithm was used game engine called Unreal Engine 4 and method optimizations for more
descriptive illustration.

To make investigation more clearer was considered in details Unreal Engine 4 and made a
comparison between next most popular game engine called Unity. So it is provided with
advantages and disadvantages between those engines. Also pros and cons were described.

Keywords: Unreal Engine 4, game engine, reinforcement learning, map generation,
OpenGym, algorithm, graph, Artificial Intelligence, game map.

Introduction.

Map generation and development is one of the key to open virtual world in different
shapes. For example, there are a lot of games that has area over thousands like: THE ELDER
SCROLLS Il: DAGGERFALL (160579 km?), JUST CAUSE 3(1036 km?) [1], etc. They called
as games with open world. Hundreds of level designers are working to implement such maps.
To make map development faster, developers creates a lot of plugins and tools like: splines,
modular foliage generation, terrain generation tools, etc. Some companies are working on full
generated maps. They are generating maps using various algorithms. Company like Mojang
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has developed a game called Minecraft with fully generated map [1]. When the player creates a
new world, game automatically generates new map. Area of this world equals 60000 km?2.
Their algorithm could generate an infinity map but it decrease game performance tremendously
[1].

As self-driver cars shows us that generated maps are not only for games. They are also
helping in machine & deep learning fields. Precisely maps are helpful in reinforcement
learning when you are trying to train your car to self-drive or a plane to fly by himself. Such
type of learning uses trial and error method. It means when model make a right decision it gets
a reward and if it makes a wrong decision — we take away a reward [2]. In fig.1, it is described
as a cycle of actions, state and rewards that are going it positive or negative direction, depends

of the agent and the state.
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Fig. 1. Reinforcement learning workflow.

For these models was created training areas called gyms. Most popular of them is
OpenGym [2]. It contains different areas to train depends of you model and a task. In Fig. 2,
we can see different games that contains such tool [2].

Fig. 2. OpenGym preview games for training.
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Unreal Engine 4.
For this work was chosen Unreal engine 4 as an engine for map generation because it
contains a lot of helpful feature like:

1)

2)

3)

4)

5)

6)

it has much better cross-platform integration. It enables you to deploy your game across
all major mobile, VR, desktop, console, and TV platforms plus the Web. The supported
platforms include Android, iOS, Windows Phone, Tizen, PC, Mac, Linux, PS4, Xbox
One, PlayStation Mobile, PlayStation Vita, Wii U, tvOS, Android Tv, and Samsung
Smart TV. Native support is available for major VR platforms including Oculus Rift,
Gear VR, Playstation VR, Microsoft HoloLens and Steam VR/Vive [10];

it is simple to use Unity engine in mobile development, however Unreal engine 4 is
commonly used to implement simulations and prototypes with use of visual
programming that called Blueprints [10];

unreal engine 4 best fits for large scale projects because it uses C++ instead of C# like
in Unity [10];

Unreal Engine 4 is great for high-tech triple-A games with big budgets where you need
to achieve the ultimate quality. So in terms of graphics it really takes the lead. For
example, we’ve picked Unreal for one our recent VR projects because the client’s main
request was to make this demo presentation as realistic as possible;

it has available instruments for many cases and needs, which Unity lacks. For instance,
Unity is limited to a set of standard shaders and Unreal has visual editors for them.
With Unity, you’ll have to write the same things in code;

the Unreal Engine has better access to visual debugging, you can easily test what, when
and how is being drawn, you can control the whole process and monitor how much
time is spent on a certain element.

J Destroy Actor
> OnTakePointDamage (Light) &

D
v

Fig. 3. Visual programming language “Blueprint”.
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Alogorithms for map generation.

During investigation was found different algorithms that helps to improve road generation
a basis of building whole map [4]. First algorithm pattern map generator. It must contain

patterns (Fig.4) which is used to connect into map[5].
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map that is on fig. 7 [9].

Fig. 4. Patterns for map pattern generation.
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Fig. 5. Generated map using patterns.

Next algorithms was Perlin noise method. This algorithm is used not to generate roads,
but very effective to generate terrains. In fig. 6 we can see that by using such method we can
setup that white is a high point and dark is a low point. With these parameters we can generate

Fig.6. Perlin noise image [7].



V.Ksuhnir, B.Koman, R.Shuvar 81
ISSN 2224-087X. Electronics and information technologies. 2020. Issue 13

Fig. 7. Map after applying Perlin noise method.

The third was L-Systems map generation algorithm. It is regarding of generating
sequence of letters (fig. 8) [8]. So this sequence converts to horizontal and vertical directions
which helps to build a sequence of routes, mostly in rectangle manner. Very interesting
approach because it gives ability to build long routes across maps which is more realistic
(fig. 9).

Also to note this method is not a route generation. It is more like building generation [8].

Start=A. Rules: AB; B=BA

LA

2. AB

3. ABBA

4. ABBABAAB
5.

Fig.8 Sequence of string for map generation.

Implementation of Simple Grid Map Generation using Pattern generation.

To make map generation was started from route infrastructure generation. This is fully
automative method to generate such map [3]. Algorithm is to generate patterns and then
combine them into one route graph. To generate pattern was generated initial field performed
as a grid and then randomly removes edges from grid and it was completed (fig. 10) [4]. Such
patterns has pros and cons. As pros: it simple to generate, it is unique of random removal, it
independent from other patterns, easy to use because each edge contains only 1 point length.
As cons: does not contain real data, need to improve to make other types of routes like bridges,
tunnels, circle routes, etc.

By combining new generated patterns we got a route infrastructure (fig. 11). With whole
route infrastructure we can build our own map [5]. As each pattern is unique it helps to
generate new map each time. Then we need to add a plane object as a surface and pass route on
it (fig .12).
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Fig. 9. Result of L-Systems generation.

10 +

Fig. 10. Generated pattern from the Grid.
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Fig. 12. Generated plane surface with route and sidewalks according generated infrastructure.

Next step was to add buildings to the map. To add them was proposed to build an array of
buildings and using shuffle method it is chosen a building to put on the land.
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To prevent colliding and interception between routes, sidewalks and building was added
tracer to each building. In Unreal Engine 4 it is called BoxTraceForObjects method. This
method helps to get which of this objects are colliding with building and it make a decision
should it be on this location or not.
By iterating through map buildings was installed (fig. 13). As a result we get a map with
routes and buildings.
Overall algorithm is:
Generate grid.
Remove edges from the grid randomly.
Repeat several times.
Combine it.
Generate planes as land.
Generate routes.
Generate sidewalks near routes by adding Sockets to routes.
Add buildings by adding near routes using BoxTraceForObjects method.
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Fig. 13. Generated map detailed.



V.Ksuhnir, B.Koman, R.Shuvar 85
ISSN 2224-087X. Electronics and information technologies. 2020. Issue 13

(7)(= perspecive ) (Wit (show] o oCH @@= =)

Fig. 14. Generated map.

Comparison among map generator algorithms.
Map generator using patterns

Pros:
1. Map depends on which patterns will be passed.
2. O(N) difficulty for generation.
3. Can be provided additionally.

Cons:

1. Less used.
2. Not fully automated.
Perlin noise method

Pros:
1. Fully generated
2. Used perlin algorithms.
3. Mostly used in games.

Cons:
1. Mostly used for terrain generation.
2. Perlin noise therefore scales with complexity O(2V)for N

dimensions
L-Systems generation
Pros:

1. Using alphabet to generate map.
2. Complexity is very dependant from rules you pass of L-System
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Cons:
1. Almost automated because we need setup rules.
2. Complexity can be O(N”2)
Grid Map Generation using Pattern random generation

Pros:
1. Complexity is O(N)
2. ltis fully automated.
3. Can be improved by passing different algorithm instead
random.
4. Generates set of unique patterns that covers more real life route
chains.
Cons:

=

Random is not always a solution for some cases.
2. ltis represented as a grid so it needs to be improved by adding
more complex solutions and shapes.

This work shows investigation around map generation and it seems that there is a lot of

methods that can be found. This field is very important nowadays in several spheres which
opens opportunity to work further and improve from algorithmic and visual perspective.
Compare to other, proposed algorithm shows that it could generate diverse map because it is
consists of unique patterns that was randomly generated, that helps to cover most of real life
route situations. Also using random generated patterns map will be fully automated.
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TEHEPAIIIS ITPOBOI KAPTU 3 BAKOPUCTAHHSIM BUIIAJIKOBO
3I'EHEPOBAHUX ITATEPHIB
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eyn. [pacomanosa, 79005, m. Jlveis, Ykpaina
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B po6oTi nmpoBeneHo aHaii3 Tajdy3i MAalIMHHOTO HAaBYAHHS JJISI CAMOKEPOBAaHMX aBTOMOOILIB.
MaiuyHHe HaBYaHHS J1a€ 3MOTY PO3LIMPHTH cdhepu BukopucTaHHs 1IITydHOro iHTENeKTy 1e He
CIPABUTHCS 3BUYANHNN anroput™. Tomy po3poOHHKH CTBOPIOIOTH, 30MPalOTh Ta GOPMYIOTH Pi3HI
HabOpH aHUX AJIs TpeHyBaHH: i nokpameHHs [Ity4yHoro InTenekry.

Koxxnomy IllTyunomy IHTenekty motpiOeH cBiit Habip NaHWX, JJIs BUKOHAHHS IEBHHX Jiif.
Hampuknax, mmst posmi3HaBaHHS oOMMYYsl MOTPiOeH HaOip KapTHHOK 3 OONMYYAMH, a JUIsl
cerMeHTallii TekcTy — Kopmyca TekcTiB. Tomy mia llItyynoro IHTenexkry st caMOKepyBaHHS
TPaHCIIOPTOM MOTPIOEH CBill HAOIp TaHUX.

Metoau, sIKi BHUKOPHCTOBYIOTH JUIS TOOYIOBH CaMOKEPOBAaHOTO aBTOMOOUIS TMPOBOAATH
iTepaTHBHE HAaBYaHHS HA IrPOBUX KapTax, sIKi JalOTh 3MOTY OTpUMATH OakKaHUil pe3ysbTaT 3a
JIOTIOMOTOI0 HABYAJILHOTO 00’€KTa Ta CTaHy Ha KapTi. ToMy B poOOTi ONHMCaHO HaBYaHHS 3
MiAKPIIUICHHSM, sIKe € 0a3UCOM Y TOOYI0BI CAaMOKEPOBAaHHX CHUCTEM. TakoX MPHUBEICHI TPUKIAAN
HapyaHHsA Takoro llITyynoro IHTenexTy Ta 300pa)keHO irpoBi KapTH, sIKi iCHYIOTH i JOCTYIHI
CTaHOM Ha ChOTOIHI.

IenepyroTe irpoBi KapTH 3 BHKOPHUCTAHHSIM pi3HHUX airoputMiB. Taki aiaroputMu
BHUKOPHCTOBYIOTBCS B irpOBiil iHAYCTpil U1l MOOYAOBU PIiBHIB, sIKi MOXKYTh MaTH pi3Hi pO3MipH,
HaBiTH OuNbIIe HiK Hama IuiaHera. Tomy B poOOTi MPUBEIEHO ONMKC KOMIAHINA Ta irop, B SKUX
BHUKOPHCTOBYETHCS aBTOMATHYHA 'eHepalisi irpoBoi KapTH.

B po6oti mpoBeneHO MmepeBipKy alrOpUTMIB Ui TeHepalil JOpOoKHBOI 1HOPACTPYKTYypH Ta
JIOCTIKEHO alTOPUTMH OOYIOBH irpOBOT KAPTH, B PE3yJIbTATI IKOTO OYJI0 peanizoBaHO MPOCTHI
Ta MOBHICTIO aBTOMaTHYHHUH aJrOPUTM reHepauii iHppacTPpyKTypu 3 BUKOPHUCTAHHS BUIAIKOBHX
JIOPOKHIX TaTepHiB. BiH € OCHOBHOIO CKJIQJIOBOIO aBTOMAaTH3alil aiaroputMy. BiH mae 3mory
OTPUMYBAaTH HEOYIKyBaHi pe3yJbTaTH, sKi CKJIAagHO 3reHepyBaTH JroauHi. s moBHOTO
NpeJCTaBIeHHs Ta Bi3yatizalii JaHOTO anroputMmy Oylio BHKOpHCTaHO irpoBuit pyumriii Unreal
engine 4 Ta Mmeroau omTuMi3anii 1S iTocTpanii kKaptu. Pyuriii Ta irpoBa kapTa

Jlnst 4iTKOTO JOCTiKeHHS Oyno merambHO posrisHyto pymiiidn Unreal Engine 4 ta
MOPIBHSHHSA 3 iHIIKM BigomuMm pymiem Unity. Bynu mpuBenmeni mepeBard Ta HEIONIKH TaHUX
pymiiB. OkpiM TmpencTaBIeHHS pPE3YNbTaTiB alrOPUTMY, OyJO OIHMCAaHO WOPIBHAHHS MIiX
iCHYIOUMMH aJTOPUTMAaMH Ta OIKCaHI IXHI HepeBary i HeOiKH.

Kniouosi crosa: Unreal Engine 4, irpoBuii pyuriif, HaB4aHHs 3 MiAKPIIUICHHAM, TeHEpallis
kapt, OpenGym, anroput™, rpad, [lItyunuii [nTenexT, irposa kapra.
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