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POSSIBILITIES OF CONVERT CAD MODELS
FOR REAL TIME RENDERING SOFTWARE

Urgency of the research. The proposed methods can save valuable time and cut down the cost on hardware in some
instances and make it easier for a non-technical group of professionals to design and renderer products.

Target setting. To use free and paid products for use in modern businesses and schools to optimize the design and research
phase and also create environments for training the qualified personnel in extreme conditions.

Actual scientific researches and issues analysis. These optimizations are done directly by developers of the real time
simulation tools and some large companies but a lot of them are fractured to smaller businesses and need one direction to
make it to the mainstream.

Uninvestigated parts of general matters defining. Conversion methodology CAD models for real time rendering.

The research objective. Make a uniform standard of procedures on how to leverage the power of real time rendering tools and
find ways to use them in industrial practice.

The statement of basic materials. Possibilities of using the game engine Unreal Engine and the Fpic Games addon DATASMITH
Jor conversion CAD models for real time rendering sofiware are presented in article

Conclusions. The game engines can be used with right tools to make it easier for artists and other non-technical professions
to see results immediately. Also these tools can be leveraged to make simulations of various kinds with higher efficiency but the
results can be less accurate. But with the development of better tools and better integration of CAD software these results can be
improved and me and also other professionals believe that the future of the designing and testing products is real time.
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Introduction. In many industrial use cases there is a need for using different tools and appli-
cations to reach a certain goal in research and development of product or mechanical assemblies.
In mechanical engineering these problems are common in industrial software. For example, if
you create a CAD model in SOLIDWORKS and you need structural analysis, it might happen
that particular software doesn't have the best tools for your specific use case. Then you as an
engineer are forced to use other expensive software to make these analyses. This problem is en-
countered most commonly in the process when we need a photorealistic render of a product or
we want to create a model from CAD software to use it in a game engine for real time rendering.
These demands for this kind of rapid development will only rise in the near future. If we use the
right tools, we can significantly cut time needed for development. Also artists now can create
realistic graphics or promotional renders with photorealistic fidelity by touching a button. There
were many advances in this field of real-time rendering, but we would like to highlight a particular
use case, which shows what these tools in the right conditions can achieve. The Michigan based
Mechanical Simulation firm uses Unreal Engine and their proprietary software CarSim thanks to
which they can simulate accurate conditions for driving such as asphalt type or road slope etc.
Their software is splitted to two big softwares. The solver which solves the physical problems
and Unreal Engine which creates the visualization. This firm shows that these kinds of simula-
tions are possible and useful, for example as simulating autonomous driving and using that data
to improve real product. The customer of VERTechs firm were able to create virtual city where
they tested their autonomous vehicles. This is just one of the many possibilities which can be
done by an Unreal Engine. This article will be exploring the possibility of solving the fundamental
problem which is introduced by using a game engine [1-4].

Differences between CAD simulations and real time methods. CAD software has many
advantages then real time methods, but the real time tools are quickly catching up. When we
think about creating a product in CAD software, for example SOLIDWORKS, we usually think
about this workflow. We design the model, then define variables we want to simulate. Then we
tell the software to calculate the results. We wait for the results to be calculated and then reit-
erate if we see structural deformations or other design flaws, and do this over and over again.
CAD software makes it easier in recent years but the next evolution can be the real time ren-
dering. When we think about real time rendering, the first thing that we see is used in the video
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game industry. And that is not a bad thing. These tools used in this particular industry are very
powerful and have a lot of foundation already to be used in the professional spaces. A great
example is a tool called ArchViz, in which we can transfer integrity from application that is
used for building designs to a game engine and render the building in real time so that clients
can walk inside a building, while this building is not even built. Now we apply this promise of
high fidelity simulation to engineering. The workflow will be in the high level the same. We
design the product, then we test and repeat this process. But the benefits start to show when we
look closer to the parts of the process. After we have designed the product in a conventional
CAD, we export it to a real-time renderer, which in our case is the Unreal Engine and in future
or perfect case we have advanced tools in Unreal, thanks to which we do not need to further
edit this CAD model. Then we specify what we want to start the test and we see real time results.
For example, a plane crashing to the ground in real time and we can see the results of the de-
formation of the plane elements as soon as the plane hits the ground. Or we can pause the
simulation and change for example the type of the engine in the middle of the simulation. These
benefits of real time rendering can change our ways of how we approach research and develop-
ment, and make these processes more straight forward [5].

The problem of the fragmentation of the software. When we worked on the project,
which was focused on creating simulation software for a laic audience, we came across this
problem. Being mechatronics engineers, we didn't want to learn a new software, which is spe-
cific for the game industry to model models for this use case. We are pretty familiar with CAD
software, so that was a natural option. Many engineers had this same problem and EPIC games
created solutions for this, but that is only a part of the solution. The other part is how we use
these models. There are two ways, which will be discussed in the capitol below. But to outline
the problem, we need to understand how these software works. CAD software has its own file
format and the game engine uses their own standards. CAD software uses format specific for
each platform, for example IGES, etc. The game software uses FBX. We needed a compatibility
layer to convert these file formats and give them some other properties, which we also discuss
below. The fundamental problem was the difference of file formats, but in many cases further
modification of the basic design is required, but this is in the end worth the trade-offs [6, 11].

Available software and methods to convert CAD Models for real time rendering. There
are many methods on how we can approach this problem. Some can produce usable results and
some can produce results, that reach industrial standards. First, we need to choose the suitable
render engine for our use case. If we look for commercial solutions, we have two biggest options
and these are Unity and Unreal Engine. Our method was tested in Unreal Engine, because this
engine has a necessary set of tools, which in our opinion are essential for this use case. If we
want to render our CAD model in real time, we have two paths to export our model.

Fig. 1. STL model in Cinema 4D UV map view [6]
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First path is to use the STL format for our model and then we import it to 3D editing
software like Blender or Autodesk MAYA, in which we export our STL file as FBX file
format. There are two significant problems with these methods. First one is UV mapping of
the STL model and the second is file format itself. These problems only exist if we don't edit
these models in Blender and Autodesk MAYA or Cinema 4D, and we only export them with-
out fixing them. UV mapping is essentially telling the render engine how and on what scale
the texture of the material should be applied to our model. The problem with that is that STL
format is not exporting UV maps in SOLIDWORKS. You need to create it. For example,
Cinema 4D can automatically create the correct UV map based on your model. Then if you
export it as FBX file format and import it to the Unreal Engine and apply a material to it, it
shows the material correctly, but it has some imperfections. We found that radial surfaces
usually have the material blurred. Your results may vary, it all comes down to the geometry
of your CAD model. The other problems are created directly from STL format and the way it
handles the models. STL format is most notably used for 3D printers and the model is ex-
ported as layers, which creates all sorts of problems. Especially curved geometry is created
from small triangular planes and if we want some degree of visual polishness, then we need
a very large number of these planes, so the object is perfectly smooth to the human eye. That
is a problem in UV maps. Because of this the UV map is far more complex than it needs to
be and the editing of it becomes far more difficult. Also this creates visual inconsistencies
that can be seen as blurred textures or stretched texture on the edges. To fix this problem we
need to usually create a new UV map from scratch. This process is time consuming because
we need not only to fix this inconstancy, but optimize the whole UV map for the large number
of triangular planes. There are more methods to do this, but the best one from our results is
to use the Unreal Engine plugin called DATASMITH. This method is created for the Unreal
Engine model called Static mesh actor, which is commonly used in video games as FBX
(filmbox) file format. FBX uses C++ and python so thanks to that this format is modular and
can be used in open source editors such as Blender. This translation layer DATASMITH not
only saves time, but makes models like arches or difficult geometry better, because it is cre-
ated from polygons. That means game engines can render these models in high quality and
thanks to next gen features like ray tracing, they can achieve high fidelity visuals and lighting.
This add-on also removes the need for fixing UV maps by reducing these time consuming
tasks from professional workflow. But we still may need to create UV maps, if we want to
achieve professional results. Thanks to that, customers can ride a new car before it even hits
the assembly line. The most notable problem is that relations between parts needs to be reap-
plied. That means if we for example export assembly of large 100 part assembly from
SOLIDWORKS, then if we use the first method, we have the full object in the Unreal Engine.
The relations between objects we need to fix and apply from the ground up. That said we can
also import architecture data in the Unreal Engine and make archive simulations for clients.
We found it best to apply material in the Unreal Engine, because thanks to Quixel Megascans
you can create photorealistic scenes that look and feel real. If we add raytracing for lighting,
then we have one of the best looking sceneries, which no CAD software can do. The best part
is everything is real time rendered, so we can go to the scene and change static meshes and
see the result right away. But this workflow can't completely eliminate the need for modeling
software [8, 10, 11].
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Fig. 2. STL model in Unreal Engine without UV map. Raw import [7]

We use this workflow to create levels for VR experiences and it saves time for our projects,
because we create simple shapes in SOLIDWORKS and then in an Unreal Engine we create
buildings. The benefit is that the DATASMITH keeps the dimensions in scale so, for example,
1 meter big in xyz cube in SOLIDWORKS is exactly similar and because of that the whole
experience can be designed for example the scale of real building. These static meshes have
advantage because then they can be vertex painted and the added layer of detail contributes to

more photorealistic presentation.

Saving as Editine UV
CAD STLfile__ | Graphics program l‘glrlldg o theflap
(SOLIDWORKS | format (MAYA,Blender, - > Unreal Engine
etc.) Cinema 4D etc.) changes

Fig. 3. Scheme of sofiware use in the particular order [8]

As we said, Quixel Megascans, which are free for Unreal Engine, also save significant time.
These textures include information such as roughness, metallic and normal. Roughness is im-
portant because, as the name suggests, it changes meaning or shape, how rough a surface is,
and how aggressively the light from that object is diffused. Normal map contributes to the
physical shape of the model which can imitate, for example, a brick or stone surface. If correctly
applied, these materials can increase the level of visual fidelity and make the final product more
realistic. If we compare the end result between our method and the method of using
DATASMITH, the results are pretty similar. The only difference is that by using this plugin we
saved time and we had to do less work [9].
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Fig. 4. STL model in Cinema 4D with uv map [9]

The difference of the STL and FBX file format. If we investigate the differences of
these two formats, at the end we will see why the FBX format is more commonly used in
game development. STL file format is used usually in stereolithography in CAD and has in-
formation only about the shape of the product. There is no information about the color or
texture and other information like animations or audio add-ons. On the other hand, FBX file
format, which is owned by AUTODESK, can store motion capture data, video data, animation
data, audio data and usually is more commonly used in video games. Thanks to that, the FBX
file format can be used not only for solid objects but for characters and other complex assets
used in this type of application.

S o ST EeceEe &

Fig. 5. STL model in Cinema 4D without UV map optimization [6, 8]

As we see, if we import the STL model to the graphics editing software, the model does not
have any additional information and the showed UV map on Fig. 5 shows the unoptimized map
of the surface, which is created only by interpretation by program of the model. The result is
evident on the first sight, if we use the tool for optimizing the UV map.
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Fig. 6. STL model in Cinema 4D without UV map optimization [6, 9]

We see the end result of the optimized UV map on Fig 6. We used the tool built in the
Cinema 4D and exported STL file format as FBX and now we achieved the parity, and our STL
model is now FBX and have the information about the surface of the model and how to apply
materials to it. On the other hand, if we create the model natively in the editor which is specif-
ically created for graphics design like Blender or MAYA, the UV maps are created or edited in
the process of the modeling. But the CAD software is not created for this kind of use case, so
that's why we have to find this kind of workaround [10, 11].

The End Result. When we see the end results, it will be pretty similar, which is a good
thing. That means that we can use both these workflows, but we need to think about which of
these workflows is more efficient for us. The STL convention done manually gives us control
on how we want to edit our models, but it requires from us to learn a new software, which is
used in game development such as Blender or MAYA or Cinema 4D. On the other hand, the
DATASMITH plugin gives us more straightforward conversion and is better for large data im-
ports, such as architectural data.

Fig. 7. STL model and DATASMITH import in Unreal Engine side by side. Right
is STL and left is DATASMITH import [6,10]
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As we see, they look pretty similar, but we want to point out, that if we choose the STL
method we need to take patience with choosing the correct dimensions for our model in CAD
software, because if we choose small dimensions and scale it up, we can see aliasing on the
edge of right model, Fig. 7. On the other hand, DATASMITH import looks pretty similar but
the dimensions also are important, because they can save us time later in the engine, where we
don't have to scale them properly later. Thanks to implementation of chord tolerances, the
model imported this way is smoothed out in the engine.

Fig. 8. STL model in Unreal Engine with optimized UV map [6]

If we look at the results of material appliance, the UV map optimization in Cinema 4D or
done by DATASMITH is pretty much similar and the editing of the material can be done later,

so the end result is very usable and can be used even in industrial applications.
= = [+ 107 10 ]

Fig. 9. STL model in Unreal Engine imported by DATASMITH UV map test [7, 9]
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Conclusions. As the development of the real time rendering continues and as new technol-
ogies such as NVIDIA'S real time raytracing are coming to the mainstream, we are finally hit-
ting that golden standard, which we call photorealism. Which is more impressive, these tech-
nologies are accessible through consumer hardware and the performance is doubling in the next
generation. As we develop more powerful physics engines and we learn to use raytracing, we
can create photorealistic real time simulations in close future, which can give us results in a
matter of minutes. Maybe at the start they are not as detailed as traditional CAD software cal-
culations, but with development of these tools we can soon hit that goal too. This opens a lot
more possibilities for the future. We can modify the simulation in the middle of calculation or
a designer can see in high fidelity detail the final product in real time without the need to wait
several hours to render it. Also we can make these tools more accessible for non-professionals
and make the learning curve less difficult and save time on rendering. There is also economic
value when we can use consumer level hardware to create professional results. These reasons
can be the foundation for our prediction that the future of rendering is real time rendering.
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MOXKJIUBOCTI KOHBEPTYBAHHS CAD-MO/AEJIEN
JIJISI TIPOTPAMHOI'O 3ABE3NIEYEHHS BI3YAJIIBAILIL B PEAJTBHOMY YACI

AKkmyanvHicmb memu 00CNiONHCEHHA. 3aNpONOHOBAHT MEMOOU MONCYMb 3A0UAOUMU OOPOLOYIHHULL YaC MA 8 OesKUX
BUNAOKAX CKOPOMUMU 8UMPAMU HA 0OJTAOHAKHS, d MAKOXHC CRPOCMUmMuU po3pooKy ma i3yanizayito npooyKmie Oiisi HemexHiy-
HUX npoghecionarnis.

Ilocmanoeka npodnemu. Buxopucmanns 6e3K0umosHux ma nAAmMHUX npoOyKmie OJist 3ACMOCY8AHHS 6 CYUACHOMY 0i3-
Hecl ma y wKonax 0nist onmumizayii (hazu npoekmyeanHs ma OOCIIONCEHHS, d MAKONC CIMGOPEHHSL YMOG OJisl HAGYAHHS KEAi-
ixosanozo nepconany 6 ekcmpemanbLHUxX YMOGAX.

Ananiz ocmannix docnioxncens i nyonikayii. Li onmumizayii 30iicHiolomsbcs 6e3n0cepeoHbo po3pooHUKaMUL IHCmpyme-
HMI8 MOOCNIOBAHHS 8 PENCUMI PEabHO20 HaCy ma OesIKUMU GeIUKUMU KOMNAHIAMY, ale 6azamo 3 HUX po30iieHi Ha Oinbul
OpibHi nionpuememea i nompe6yons 0OHUX peKoMeHOayitl, sKi Oyau 6 OCHOBHUMU.

Buoinenna nedocnioncenux yacmut 3a2anvHoi npoonemu. Memooonozis nepemeopeniss CAD mooeneii ons sizyanizayii
6 peanbHOMY YACI.

Ilocmanoeka 3agdanna. Cmeopumu €OuHULl CManoapm npoyeoyp, wo 003600 Mb GUKOPUCTIATU MONCIUGOCHIT IHCIPY-
MeHmIg 8i3yanizayii 8 pedcumi peanibHo20 4acy ma 3HAmu cnocoodu ix UKOPUCMAHHA Y GUPOOHUYIL NPAKIMULYL.

Buknao ocnoenozo mamepiany. YV cmammi npedcmaeneni moxcaugocmi suxopucmauua ieposoeo pyuiia Unreal
Engine ma aooony Epic Games DATASMITH ons nepemeopennss CAD mooeneii y npoepamue 3a0e3neuenns 0is 6i3yanizayii
6 peanbHOMYy Haci.

BucHnoeku 6i0nosiono 0o cmammi. 12pogi pyutii MOXCHA GUKOPUCTIO8YBAMU 3 MAKUMU IHCIPYMEHMAMU, U0 CHPOULYIOMb
XYOOIUCHUKAM MA THULUM HeMeXHIYHUM NPAayieHUKaM Mummese 6auenns pesyibmamie pobomu. Kpivm moeo, yi incmpymenmu
MOACYMb OYMU GUKOPUCTNAHT 0I5l PI3HUX 6UOIE MOOETH6ANHS 13 OibUL BUCOKOIO eeKMUGHICMIO, alle Pe3yTbmamu MOJXiCymb
oymu menut mounumu. IIpome 3 noasorw kpawux incmpymenmie ma kpauwjoro inmezpayieto npoepamnozo 3abesnevenns CAIIP,
yi pezynomamu MoxcHa nokpawumu. Ha nauy oymky, mMaibdymHim npoekmy6eaHHs ma mecmyeanns npOOYKmi6 € mecmy6anHs
6 peanbHOMY YACI.

Knwuogi cnosa: CAD-mooens; DATASMITH; Unreal Engine; UV-poszopmka; eipmyanvHa peanoHicme.
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