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Abstract

Computer games are ever increasingly becoming more detailed, however this detail is limited by two
factors, time to create the higher detail and also the limitationsahputer hardware.

One way to overcome this is by using modular assets to build the games levels from, this research
paper looks into how modular assets could potentially help to solve those issues.

The goal of the paper is to find out just how benefieimhodular scene is in comparison to a Aon
modular scene testing performance to see how much more detail can be pushed and also workflow
to find out if time can be saved to be able to put the extra detalil in.
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1 Introduction

This paper will be focusing on the use and implementation of modular assets within computer
games, with the end goal of takitige knowledge researched to produce a gaready level using
modular assets.

Modular level design within computer games is already a popular method of creating interactive
environments, this can be clearly seen in such games as the Unreal Tournament [geiss

Effect© series and Halo© series amongst many more, these mentioned games have sold over a
million units each based upon VGcharts (2@¢ith them all using modular design throughout their

games.

Figl.
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Fig2.

The reason games such as the abose modular assets are because there are many benefits in
doing so, these include but not limited to performance increases, production time reductions and
the fundamental way assets are created, these are the main areas of research and discussion that
will be presented within the paper however there are many other reasons that will be mentioned
throughout to hopefully give a complete and clear insight into level modularity.

Along with these benefits there are some problems using modular assatsg to workflow and
visualaestheticsEipc games (2011) Perry (201these will also be discussed to give a fair
representation to different methods and ideas.

The aim is to provide an understanding of the full effects of modularity, where and when to use
them ard also in what circumstances they should be avoided.

To accompany the research covered in the document a practical example will be demonstrated to
GSNRAFe G(KS NBaSHNDKI GKA& SEFYLXES Attt 0S8 02yRdL
3dsMaxand R20SQa t K2G2aK2L) F2NJ O2yGSyd ONBIGA2Yy ®
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2 Research

2.1 Modularity

2.1.1 What is modularity?
Epicgamesdefines modularity ag2017):

Gnodular design is concerned with making lots of higjuality chunks of levels and reusing those
chunks intelligentlyd

The word modular itself comes from the word modulbich is defined bpxford university press as
(2011)

@ach of a set of standardized parts or independent units that can be used to construct a more
complex structure, such as an item of furnitur&®o A AOEI AEIl C829d

In relation togames modularityis about the creation ofin asset that can besed repeatedlyvith
itself or another modular asseThere are many factors that make an asset modstane of which
do not alwgs apply to every circumstance, section 2.7 different artists methods and views on
modularity are discussed.

2.2 Benefits of modularity

There are may beneficial aspects of modularity, this section will cover the npaasand cons of
modularity in the different stages of game productiand also what effect it has on a game itself

2.2.1 Workflow benefits

As modularity is the process of-using the same high detaksetdt meansthat a minimum of only
one asseis neededor modularity to work and could potentiallye used tanakea vast
environment while this may not be visually appealing it does mean that less time is néetesl
production of assets fosuch develdue to the actual quantity ofvork neededcompared to an
environment that is populated witimultiple unique assts.

If modularity is not take to such arextreme in many cases (sl daster to produce a modular

level compared tdhat of levelmade from unique assetsf the same quality and detalPerryargues
(2002)
O4EA 1T1TAOBI AO 1 AOAT mihk Gdedtd hae lgreaddBifigl Highdktaillle@efs A£O T
xEOQOET 00 EAOEIT ¢ O AOEI A AT A OAgOO@Ad abdgoésoni 11T E Al
to sayOi | A Adnd textuighg an entire level at extremely high detail levels can result in many
monthsifx T OE OEAO 1 Au AT A Ob T AAAEI ¢ OECi EEAEAAT O OAOQDI
However in some cases this may not be tagEpicstates(2011)
0) £ Ui &6 AOA EOOO i1 Amdadla€roomimAy b®rhucH faster@ocdedte tian 1 1 1
mAEET ¢ OAPAOAOA PEAAAOGS8O
While this case wlibe rare due to the fact most gamedo not solely focus on only one room or
small unique environments, this may still come up from time to time.
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On thesame note there are also issuesating to theconstantre-use of thesameasset Epicgames

(2017 explains one such problem
0! TAET O AT AAOT xEOE [T AEEIT C 11 A0 AbseefhA®AO EO OE
OOA 1T £ OEA AEOIT EOS

This is an inhrent problemas this $the nature of modular assets. Epic games (2011) suggssig

unique atributes (lighting, decals, elevation etc.) to overcome this issue.

In short anything that will stop aarea looking repetitive fixes the situation, normally easy to
overcomeand is fixed in the process of making a normal level as things such as ligatth#oigsue
and lights are in almost every game in some form or otBeamples ofnethods to overcome these
problemswill be given in the practical section of the document to determipe/imuch of an effect
this can hae

Epic games have examples of thesethods within their level DMDeck in UDK, below are renders
from this level to demonstrate these techniques in use.

In this render Epic have used props to add variation to the section

Fig 3.
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The Render below demonstrates how lighting has been usgd/eothe illusion that the corridor is
not made up of the same pieces.

T OM-Deck - Unveal Development Kt (64-51, 016) =
Fle Edt View Brush Buld Play Tooks Help
D@HuERh@lw REFEO D I | |0 B KE Cla@e . ¥ DO | @[>]

| & | &

Fig 4.

Below is the same scene with no lighting informatibriladbéclearer to see that the same object
has been usedepeatedly.

T OM-Deck - Unreal Development Kit (64-b1, 018) =
Fle Edt View Brush Buld Play Tooks Help

D@ HRR|o ~ kFEVD I ||wd -6 HKS Clale ¥KWe. OO | @[>]

Fig 5.
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In the same level they also use heigi give the level a unique feeling, the walls and the floor are
the same mesln both areasthe lighting adds some difference along with props, however the areas
readdifferent because of height too.

If a player changes height they know they are gomg hew location, instead, if the player goes
through aseriesof paths and come to an area that is similar looking depending on the paths it may
seem as if they have beahere before and possibly causing confusion.

'@ OM-Deck - Unresl Development Kit (64-5it D18) =
Fle Edt View Brusn Buid Play Tooks Help
Mo ERNT Y I A ¢ RO DO [ WI[>]

Fig 6.

These are just a few ways tw@rcome the issue of repetitiveness within a level.

Another issue to consider when creating modular assets is the workflow of the team, changing the
way a level is made will also impact the way the prdgettamwill work, an example of this is given
by Epicgames 2011)

Mecause the work is now solidly split between artists and level designers, there may be additional
layers of communication that need to be establistied

Aspects of thisouldbe seen as beneficialand alsgoroblematic.

The benek (ith@ act that the work is now split between the two teams, it means that both teams
can be working on the same area of a leatethe same time as each othehis allowsthings as
gameplay testing, object interaction and other processes outside of the gdrtleent to continue
while the art assets are worked upon, then placing the assets in the appropriate plab&sthe
levelonce completedspeeding the development process up.

However on the other handhe additional communication between the two teamsy cause some
issues, an example of thisdsuld be seeiif the understanding between the two teams falls ap#rt
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may mean that something is done wrong such as the level designers needing an object to be a
specific size, if this is not communicatediMte the art team then the asset may need to be redone
to fit with the other deces of the level, creating more work and slowing the development d&pit.
games (2011)

Due to the way modularity worksf,an object needs changing, it can be done at anyntpwith little
effort. Once arartist has update that modular asset, wheningported into the games engine, it
updates all instances of that assettomatically potentiallysaving a lot of effort and time.

A byproduct of modularityisthe potential isfor a level designeio be ableuse assets that where
perhaps not originally intended for a specific usgch as a pillar thatas been turned into a

doorway. Due to the assets looking similar to each other in style this method of level design

& K 2 dzftdhg ddtianddook odd and gives the level designer a lot of creativity, this method could
possibly solve the issue of repetitiveness in some cases.
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2.2.2 Performance benefits.

This section is aimed to clarify and help better understand hovontapt and beneficial modular
assets are in regards to performance

There arepossiblyhugeperformance gains to be hagith a modular designby using the same
objectsmultiple timesbut in different locationsa computer system can fgse the originabbject for
all the other instancethroughout the levelthis is often overlooked and the focus goes on the
workflow more than the performancéests will be conducted to determine how much of a
performance boost a level could possibly have through the useoafularity.

Computer Hardware processes 3d assets through the use of graphics processors, early nVidia
graphics cards took advantage of instancing, a process of using the same asset in multiple places,
allowing the system to load the asset into memoncerand render it multiple timeimcreasing
performance while thispaperis coveringa different area of resear¢imodularity uses the

instancing system and so is still a vgalt of the
subject.

nVida has been a world leader in graphics processing
unitt 0 KSNB 2y Ay NBFSNNBR
often leading the market with A/AMD andintel with
their graphics hardwareBelow are hardware sales
figures of the PC graphics hardware market provided |
guru3dcomwho has published Jon Peddie Resba
statistics(Q3 2010)

Fig .10
Vendor Q32009 Q2 2010 Q32010
AMD 20.1% 25.0% 22.3%
Intel 53.6% 53.4% 55.6%
Nvidia 25.3% 20.7% 21.2%

| 26 S@OSNJ Y2ail Dt ! Qa dzaS (GKS al YS anddofidSpérdent YR 62 NJ
on manufacturerthe only differencahat effects games developmeid the amount of data being

calculated at any given timend possibly how specifigpes of datasused as wellWith this in mind

modular level design can be implemented on almost any computer ddwédea personal

computer, games console or even mobile devices.
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To help better explain the graphics pipeline and how instancing works a diagram provided by nVidia
below on how the graphics pipeline works.

Video Memory On-Chip Cache Memory
—> Geometry l»— —— Pre-T&L Vertex Shading
Cache (T&L)
— Y

—» Commands Y
_"—l Post-T&L Cache '

System Memory Y
Triangle Setup
CPU l,
Y

Rasterization '
Y

Texture Fragment

— _Textures [ Cache | | Shading

and Raster

Operations

Frame Buffer Lr >

Fig 11

The above diagramshowsthat the rendeing pipeline all starts at the system mempdata is then
sent to the CPUfrom here the datas then split into two pipelines running simultaneously,
geometry and texturessimilarlyin this waylnstancing can be split inthesetwo sectionsalsq the
way these two are handled in a game is down to the actual engine rather than the hardhare
hardware gives the potential use of these features ohfwyever as instancingmongst other things
havebeen around for a long time and is built into DirectX @umenGl(these are programing
libraries that enable direct use of hardware featurdsse features are normally sirailin use from
engine to engine as most engines will want to take advantage of the power of the GPU.

Everything at some point on screendaoff has to go througkthe CPUthese are referred to batches,
Y2RSNY /t! Qa OFly KIyRftS I, ,e®idobjecitextuiEandihe ottietr G OK S &
mechanicghat are used in games engines are potentiallgingle batcleach To solve this objects

are grouped togetheand stored as such in the system memawu gems 2 (2005 )

When objects are batched together they increase the memory usage as the assets are merged
together, this helps performance in frame rate as the GPU can handle Vartex coats and frees
up CPUUDN (2011) Wloka (2003)
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Instances of the same mesh though could possibly not take up any more memory in comparison to
non-batched items as the mesh still can be sent as 1 object to the GPU with its custom attributes
such as positionscale and rotation sent separately. Rege (2004)

Instancing Method Comparison
(Note: % is relative to HW instancing in each group)
[28 poly mesh]

140.00%

120.00% : M H

100.00% | |@ Single Draw Calls
m Dynamic 2 Stream Instancing
[ B O Static 2 Stream Instancing

80.00%

O VS Constant Instancing
m Hardware Instancing
[ |@ Static Pretransformed VB

60.00%

40.00%

20.00%

FPS(relative to HW Instancing)

ol [

2800 28000 140000 280000 560000
# Polys

0.00%

Fig 12
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Similarly textureslso go througlthe sane processeach texture is sent to the CPU to be told to be
handled by the GPBssentially each texture is again a separate batch, so to help textunedea

put into Htlasef2smaller maps combined into one large otfgs is handled by the game engine
itself and somethig that artistsR 2 Y Q (i particl&lywidrdy about butA (iséndething to keep in
mind.

0,0 Texture A (1,0) (0,0 Texture B (1,0)

(’ : [ o e T )1)() ’1)

Texture Atlas
(0,0) (0.5,0) (1,0)

Fig 13

As this is the same processlaatching of the sam@&D modelogether, the same can be done to
textures,this in terms of performance extends further than just freeing up CPUttimadsoinclude
freeing upmore random access memory (here on in referred to as RAM) on the system and/or GPU
memory. If a texture is used 5 tim@sone scene, each at 2mb each theoretictilgt quickly eats
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up 10mb of RAM where as if the same texture is used just once for all 5 olbfexdttstill equates to
only 2mb a huge saving of 80% in memory usage ogebjobjects.

To test this theondemo test was conducted to confirm this above research into performance gains,

a simple scene that used a singular asset was created, this asset was then instanced 1000 times in
the level and a FPS and memory usage repdias taken, the scene registered at 43 FPS with 2.7 mb
of static meshmemory used.

The same scene was then created in 3DS max duplicating the asset 1000 times to the same location
as they were in the first test level and then exportedsass into singulaasset. These where then
imported into the UDK level replacing the instanced assets and ridue thetest again.

This time the frame rate was 39 FPS and the memory usage was 106 mb, this means that in this
demo there was an increase of 12%performanceand a3962%reduction in memory usage

Looking at the statistics it can be seen that the engine is automatically set up to take full advantage
of these features, allowing the designer to place the same object multiple times with only storing the
object one in the asset package, the same is true with textureselsalong with other types of

assets.

Understanding these powerful features of how mod&RW handlegame environmentsan start
to give a clearer and more precisaderstandof how modularity carbenefitgame design when
relating toperformance.

if anartist is able to make kevelin a modular fashiorwheremore of the same asset can be added

to the world couldpotentially only be adding a little extra cost in hardware usage, this enables the
game designer more freedom when developing highly detailed leagethey are able tadd more
assetamaking for a more rigkr environment for the player to experience.K I 1 Q&4 Y2 NB A &
technique can benefit almost any genre of game givies some undetanding towhy it has been
popular with games developers in the past.

With benefits to several key aspects of game design modularity is extremely powerful, however
what has not been mentioned so far is the main drawbacks of modularity, while these may be
considered by some to be less of a drawback and more of a way of thinking, the creation of the
assets require a different way of construction to waskintended in comparisaim making a single,
unique standalone asset.

It may be the case that an art teamay need to be taught how to create assets in a modular way
adding time and cost to a project, though these techniques can be used over multiple pegjebts
cost oftraining may not be as high as one would typically thidction Z7 will cover techiques

used to create modular assets.

A month after this test was conducted a new graphics card was installed, this upgraded the system
the test was running from an nVidia 9800 GX2, an old top range card that had built in SLI (multiple
graphics cards workgtogether) to a modern nVidia GTX 570, to confirm the test above and also to
get more data the test was run again. Surprisingly this time the statistics had changed even though
the same level was used, the memory usage was the same however the FPSheastite non
instanced test.

16| Page
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To better understand what is going on different hardware settings where applied, overclocking both
the CPU and GPU and then underclocking thematabfinally amixture of the two together.

The results of the tests are asltls

CPU GPU None Instanced Instanced
+28% +15% 117 fps 96 fps
+28% +0% 115 fps 94 fps
+28 -23% 92 fps 83 FPS
+0% +15% 119 fps 89 fps
+0% +0% 117 fps 86 fps
+0% -23% 90 fps 79 fps
-33% +15% 116 fps 72 fps
-33% +0% 112 fps 69 fps
-33% -23% 94 fps 67 fps

In each instance of the test, the nanodular scene had better frame rate, this was highly
unexpected.

More research into the subject and a better understanding was obtained, according to nVidia and
their Games Developer Conference talkers, along with their books they state that performance
should be increased, however as epic stated that a batched system would take up more memory
further research was done into UDK. From several posts made on ibloffDK forums it appears
that instancing is not fully supported within the engine, it takes advantage of the main memory
savings, however it uses an-batched rendering system, this would explain why the results above
are like they are.

As such, a newesting plan was implemented, this time a scene was made again from 500 assets in a
instancedevel, however for the winstanced test, each object was imported as a singular asset,
having 500 unique assets replacing the instanced scene, this then testalamity within UDK

without the results being influenced by other factors such as CPU power. Wilson, A UDN official
moderator agreed this would be a good way to test modularity.
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2.3 History of modularity.
O e modular level design solution arose frotet need to have great looking, higitetail levels without
having to build and texture very nook and cranny of the environmefterry (2002)

Modularity has been around for a long time now, even back on the Nintendo entertainment system
in2Dgamessuchask NA2 yR Ffaz2 {S3rQa {2yA0 dzaSR I Y2Rdz

1. Clouds

2. Enemy creature

3. Block floor, repeated along the length of
the map

4.Solid colour block, each block repeated to
create steps

5. Background large grass mound

6. Medium grass mound

7. SmallGrass mound

7a. Small grass mound, possibly repeated
andlayered

8. Castle, repeated without the flag

9. Floating block

10.Pipe top

11.Pipe Length

Taking a look at #nfirst level of Mario evergsset is used several times throughaohe level,

breaking it down into its unique objects, the mostused is the floor block, its used as the floor
OKNRdZAK2dzi GKS t S@St 3 dhké&eifa/ghmin tieXoorSAlohgwatithey 2 (i dza €
floor there are alsmther interactive objects in théevelthat are reused, the pipes, though different

sizes use the same materialalso onlyuses 5 different blocks throughout in different arrangements

however the level looks unique througho®n top of the interactive objects the background objects

are also reused throughout the level, while these are single objects that are randomly placed it still

uses the concept of modularity.
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Fig 15¢ 19

Similarly the sonic worlds also use a modular design to their lehedssnewer than the Maio level

from above and as such uses a bit more complex segments, looking at the overview of the level the
ground uses all the same texture/asset throughout, occasiosaljingo fit a better sizevhen

required the trees are also highly modulated tlughout the level, however the maidifference

between Mario and Sonic is the complexity of the levels, Sonics kneelayered a top of each

other and also contaisome complex shapder pathsthat can be followegdjoining up at different
heights, fiting together nicely due to their modular nature.

This trend of using modular design continued intol®zel desigrand is now used in most modern
gamedike those mentioned at the beginning.
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2.4 Modularity outside of game development.

Modularity is not jist limited to computer gaes, there are many uses indifferantustries, looking
at some of these areas outside of games may help to get a better idea where modularity can be
beneficial within computer games.

One larg area that modularity is usedithin isthe film industry mainly in sefi TV shows and films,
such as star trek and star wars, where it would be impossible and impractical to build compete full
size sets of everywhere when a lot of the places look the same, so insteseé stages for diérent
locations changing small things to fool the viewer that they are filming in a new location. This
method also brings down the cost of resourtieat are neededs the set can potentially be small

and thus not much material is used in constructieml$o brings down the size of building needed to
fit the set in.

Another area that has a lot of modularity withinisthe way some houses are constructéoese are
pre-fabricated modular hoses and have many benefits too, type of these are called Huf

Haus
BIE

Fig20

Unlike regular buildings these are pmeade in a factory following a set design and constructed

offsite, disassembled and reassembled on site taking only a few days to fully construct a house with
all fittings and furniturancluded the house aner can choose from a variety of fittings all designed

to work and fit in the houseAs such the house can be customised and personalised quickly and
efficiently with no drawbackdue tomodularity, bringingthe averageprice down McCloud, Grand
Designg2003)

CKSNBE AayQi (22 YdzOK GKIFG OFy o6S FLIWXASR G2 3k YS
could applied is the way star trek produce their sets and the ways they make each section different,
otherwise this only confirms the benefits of mddrity, that it does increase speed and productivity,

reducing cost.
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2.5 Current use of modular design.

Far from the 2D levels of Mario and sonic are the full, high detailed 3d worlds that people now come
to expect from modern games, UDK uses a higldgutar approach to levels.

When @ening up a level frodDKit only loads a fewmew packages, this is a $gm that stores all
relevant asset$or a level in a&ingular file, each level is typically split up into mugtipackages, with
this system the gamengineonly loadghe specific files that are needed to bbéle to view or play
the level in question. For this example Eléck hadeen loaded into the UDK editor.

The quickest way to tell that the leVeases a lot of modularity is by looking at tleed stats, UDK

has many tools to show different statistics that may be hdlpf a games designer, lookiagthe

level in questiorthere are4093 prinitives in the level, comparing this the list of unique itemd G Q &
clear that there are a lot leshanthe figure

above
Type Name Count Sections Triangles Inst. Triangles
_I!EEI-
StaticMesh WP_BioRifle.Mesh.S_Bio_Blob_01 1 8 954
StaticMesh UN_Trees.Mesh.5_UN_Tree_SM_BurntTree01 12 1 3, 258 39,096
StaticMesh UN_Trees.Mesh.S_UN_Tree_SM_BranchCluster01 1 1 3,644 3,644
StaticMesh UN_Sky.SM.Mesh.S_UN_Sky_SM_SkyDome03 1 1 112 112
StaticMesh UN_Liquid.SM.Mesh.S_UN_Liquid_SM_Waterfal_02_1024 3 1 560 1,680
StaticMesh UN_Liquid.SM.Mesh.S_UN_Liquid_SM_Waterfall_02 1 1 280 280

Fig 21

To look at how mach the level has been created through the use of modular agbetprimitives
can be ordered by count, this is the amount of times that unique primitive has been used in the
level, once ordered it states thalhe static mesh

G{aGlradArOaSaKU[ ¢y. dAf RAYyIand{ ada She kas{ingtancapl itedzA f RA y 3 3
in the current leve(382 times) all of these assetsan be selectedt onceby double clicking on the
asset stat line.

Type Name Count Sections Triangles Inst. Triangles
Combined Total 4,093 5,025 128,660 1,960, 833
_E-ﬁ
StaticMesh LT_Buildings2.5M.Mesh.S_LT_Buildings_SM_BunkerWallC_STR 252 276 69 552
StaticMesh HU_Supports,SM.Mesh.S_HU_Supports_SM_IbeamA_128 235 1 &0 14,100
StaticMesh HU_Walls.SM.Mesh.S_HU_Walls_SM_Flat 154 1 43 7,392
StaticMesh LT_Buildings2.5M.Mesh.S_LT_Buildings_SM_BunkerSupA2 151 1 804 121,404
StaticMesh LT_Buildings2.5M.Mesh.S_LT_Buildings_SM_BunkerSupA3 149 1 43 7,152
StaticMesh LT_Buildings2.5M.Mesh.S_LT_Buildings_SM_BunkerWallC_CUR2 136 1 320 43,520
StaticMesh LT_Support.SM.Mesh.S_LT_Supports_SM_YBeam_1 134 1 824 110,416
Fig 22

Going back to theelel editor and looking aroundhé assein question isow selected and
highlighted in blue, this particular asset is a concrete paitat has beemsed in a lot of different
locations,yet still looks visually appealing
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Fig 23

Even though they arexactly the same asach otherbecause of the way they are used the level
R2 S &y Qi redettigjthis iha Peen achieved by makempetd 221 f A1 S Adet 6Sf 2y 34
GeLSQ 2F 02y aildNHzOfistykset. Ay (GKA& AyaidlyOoS I aloa

Like the TV show stdrek a lot of the props have a similar feel and style as each pthey alllook
like they werecreated with each other in mind.

Fig 24
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Fig 26

Where it differs from Mario and sonic is they use the fact that they are also designed to reoiiula
more than just a 2D plane for the environment games used to be limited to, instead they are
designed so that they can be rotated in a 3D world, allowing them to also be modular in the depth
axis too.

What is also important to note is the surroundiolgjects, these are not always the same as each
other, this breaks up the repetitive nature of modularityd createsa scene that looks unique
throughout, sometimes this is not important however in a lot of casis the normal case when
making a levefor any given game is to make it feel realistic and keep the player engaged at the task
at hand,if the scene was continuously the same throughout, repeating the same little bit over and
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over agaimprobablywould not be very visually appealing, making wbaitilld be an exciting game
GSNE O02NAY3A YR RdzZ £ X AG | a2 thedabtingttngisakacyS |y I
the same irreality.

One type of game that this may not be true for is car racing games or simulators, as the environment

Ad Y2NXItfte Y2@QAy3 LI ad GKS LIXFeSNIFd + Frad LI C
repetitiveness of assets in the level, instead the only concern for this genre of game is having an
appropriate asset in the environment as the playwuld then notice if it was not there. Epic also

picked up on this too.

O0) £ Ui 60 PI AUAO xEi1 AA OOOEETI C PAOO OEA PEAAAO j AO E
AAOAEI AA AEOT EOO

Another prominent feature of the techniques used iDKlis the fact that the assets cut into each
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The following renders from the level demonstrate this method in different areas and locations
throughout the map
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Fig 27

Above is a render from thievel with several assets selected to demonstrate the amount of
intersection and yet there are no graphical errors neither does it look out of place
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Here there are a lot of intersecting objects, they are placed around to add detail to the map, due to
thea S dasSia o0SAy3a dzaSR GKNRdAdAK2dzi GKS fS@St Ad R
can be quickly done by the level designer
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Fig 28

Below assets are intersecting through the entire wall to add detail to an otherwise simple plain
wall
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Fig 29
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In the render below are the assets that are cutting through the wall, they are a lot bigger and go a
fair distance into the wall however this is not noticeable to the player and causes no rendering issues
and as such is a cheap way to add detail.
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Fig 31
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Mass effect is a game where the repetitiveness of modularity is well hiddenatrtdonoticeable,

GKA& A& YFIAyte RdzS (2 Y2NB dzyAljdzS FaaSias K2gSg€
assets and their shapes to give a feel that the level is not repetitive, some of the trees are used

multiple times, some scaled and rotated from any one angle they do not look the same, the use of

steps are also modular, joined up with the floor neatly along with the large support structures.

When it comes to multiplayer levels its normally the case the level needs to be balanced for each
team, in halo 3 the level designers have used modularity to their advantage for creating their
multiplayer maps, mirroring half the level to form the opposite side, due to modularity both ends fit
nicely together to form a complete map, within each sidedular assets are used extensively to
create the bulk of the environment, some of these are highlighted in the images below, colour co
ordinated to demonstrate the possibility that they are the same asset
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Fig 32
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2.6When and where to ismodular assets
As stated previous)ynodularity is a powerful method of level designeugd has a wide range of

uses in almost all games, so when is the best place to use modularity.

Due toevidence reported in this document, there are mdrenefitsto modularity than
disadvantages anith shortA (efsar to state when not to use it.

S where is modularity not appropriate®ellthe most obvious is where performance is not an
issue and where it would be quicker for artist to create unique assetEpicGamegq2011)gives a
good example of an inapppriate time to use modularity.

af you are just making one room, then a nenodular room may be much faster to create than
making separate pieces. Once that number grows to 100 rooms, however, you'll unddrgta time
OAOET cO OEAO AAT OAOOI O xEAT Ui O AAT PO OEAOGA DPOAA
However this is partially true, if this room is part of a larger level and is supposed to look different
from the rest of the game or alternatively for some reason a singular room isregbfior an entire
level, then this may be true because it may be hard to use existing assets to give a unique feeling, so
it may be quicker to make the room out of unique assets, but if the room is part of a level or looks
similar to another room withinite game, modularity is still an option, it may be the case that a mix
of uniqgue and modular assets could be combined to create such a room.

Other situations that may determine how modular a leiatill be down to how much time the

player will be spendingn that particular environment, similar to the racing example in section 2.5, if
the player is not spending too long in the area, the artist can make large modular pieces, that may
not be too modular in naturegan example may be themeould be a buildingor eachmodule, these

put together to make a town that the player may paissoughquickly, these in a sense are only
partially modular as they will not fit together like previous examples however having streets to
separate them they become somewhat moaulSo modular can be worked on in different scales
depending on the situatianThe following statement frorepicGames should help understand what
size of modularity is best for different situations.

af you'll be spending a lot of time in an environmetiten a smaller scale of modularity with more

complicated pieces is called for. For comparison, imagine a town that one would fly over in a

helicopter, as opposed to the interior of a spaceship that you wander about it. In both of these cases,
theuseofh AOT AO | AGEAO AAT ODPAAA Obp OEA AAOGAT T PI AT O 1
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2.7 Methods of modular creation.

This section covers different methods of modular asset creation within the industry, examples are
taken from different sources all within the gamesusstty.

HPT dm 9 2D Bremodubrity

hy 9LIAOQa | 5b agéhérabveiviBw ofi rioBudarityd Epid Suggeste first step to

take is to set the scale of modularity, depending on the game or levaletdrminewhat scale to
use, accordig to Epic, if the player is twe passing through the environment then larger less
detailed modular assets can besated if instead the level is inside of a building then therdkacan
be smaller such asalls, floors and roofs etc. instead of wholeildings modulated together.

Epic statethat early on in the process (v€naimportant to communicate between level designers
and artist to state the focus of the level. From this the artist should then work on the most useful
assets that can bienmediate given to the level designers so thegn start creating the level from
the different parts.

A recommendation given is if the team is confident that it could be beneficial to start with
placeholder partshat then can be swapped out if they aapproximadely the same shape and size,
possibly speeding up development.

The next step that Epic takés to get the size of objects in comparison to the player, these are
things such as the height and width of assets such as walls and also to work out things kaeh

high the player can jump, these numbers are important to all parties involved even people such as
animators prototype testing can balsohelpful here.

. . . m Unreal Development Kit (64-bit, DX9)
Epic continuesn to mention File Edit Brush Build Play Tools Help

the grid, this is a large section ir0 & [+ Browser Windows
Compal’ison to the O'[heI’ShEy MDQes | Actor Properties
set up the grid in max andaya @@ Surface Properties

to match up with thegame @@ World Properties
engines grid, in this case, a = —=
version of Unreal Tournament. N@ UncealMatinee

UnrealKismet

In UDKor UT3assets have the a5 Drag Grid » | v Enable Drag Grid Snap
option of snapping to the grid, ... ::::;::’d : 1
this can be helpful when \_Q_J 0 2
creating a modular set, if the @@ E“E'Tf;A:m““eo"m"s I ;
. . -~ etaill Mode
?rrldlwasl gff IFNOUIC:: be h?rdtror = ,—: Allow Translucent Selection 16
eleve eSIgner 0 per ec y QHQ Only Load Visible Levels in PIE e
place each asset next to each E% E oo Bivish Misekes Bokye 64
Other and may aISO cause = v Lock Prefabs from Selection 128
graphical errors, however with |l | Use Curves for Distributions =
the assets on the grid they sa Efable Socket Snapping g
Enable Particle System LOD

perfectly snap into position
relatively quickly and with no
side effects such as the
graphical errors mentioned e e ,
above. ‘@ :ullsfre:nc = F11
If the same grid is used inthe =~ seteat Lighting Info :
games engine and modelling @} ) ot e -

package it helps planning and =Tr=
synchronisation, as if it fits Fig 35

Enable ParticleSystem Helpers
LOD View Locking

New Floating Viewport 4
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together in the modelling packade (ig@eéanteedo work in the games engine. A good &gy
made by epic is that a modular setup is lilegos from simple building blocks complex structures
can be made.

With the grid setup and working Epic make it clear that it shbaldllyever be turned off as it can
cause problems even if the assetg @an the grid in the modelling package, however they do
mention that the rotational grid is not as important to folloespeciallyfor organic assets.

CG society member and

award winner Stefan I NN
Morrell (2007) says thisis .8  [V|[+] MA~11 [V][+] 5% [V][+] (2]

the most important aspect T ST
of moduhrity especiallyat

the beginning. Fig 36

Epic makes an point that the grid used is best to be a pow
2T HI '5Y R2SayQid I f fhaapowey &
of 2, howeverh (p@saible to divide the grid down, in their
example an objet can still be made to a size of 1 unit as this:
is still a power of 2 and as such on this grid levelajgct

that fits on the grid will fit on this lower grid regardless of
length,howeverA (aRaimportant to note that the smaller
the grid size thédnarder it becomes to place objects next to
each other. Fig 37

Epic continues thereation guide by explaining that modular assets are
not just objects that sit side by side, but could also be possibly put on top
~ of each other or underneath, aaxample given is of a candle on a

| ~ candelabra, with the top of the candelabra on the grid, placing the candle
itself will be easier as it will snap on the grid.

Somehelpful tipsare given onhow to avoidproblems, mainly issues

referring torepetitivenes, they suggest to mirror objects to redutiee

problem and that they are not just limited to mirroring side to sédéner,

- | assets have the potential to be mirrored in any axis. Text will not work
| with mirroring however as the text itself would also bermied and be

| backwards or ugside down.

Fig 38

The origin is also very important Epic explaifime origin of the model is important when keeping
things on the grid, if the origin is in a random place of the model then the model being on the grid

R 2 Stanyt@r much, the origin is best located in the same place on every model, Epic suggests to
place it in the bottom right corner of all assets, this is to help with rotation and scaling, this allows
the corner to constantly be on the grid when scalingifit odd gaps, most modelling package keep
the origin of the model in the middle, if left here the assets would have to be realigned in the games
engine to work on the grid, somewhat defeating the point of being on the grid.

Theoriginfor assetswvithin UDK is theentre point of 3ds max and Maya, to get the objects working

how they should each asset has to be moved so the bottom right corner of the asset is exactly on the
world originof the modelling application.
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2.7.2Paul Mader

Mader wrote an arti@ for gamasutra (2005) on ways to speed up modularity, at the timerithg

0KS R20dzYSyid KS gl a ¢g2NJAy3a 2y (GKS dzyNBIFf o Sy3AA
process of creating modular assets it does cdwsr points, these are the sanhat Epics UDN

mentioned above, however he expands on one key area, the pivot point.

For the most part heonfirmswhat Epic stated, howevdor objects that are curved and rotate to

meet up with the next parlike that shown belowthe pivot pointis phaced in thecentreof a

complete circle version of that particular model

Bottom

Fig 39
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2.73 Lee Perry

Perry wrote an artite for game developer magazine covering modulafgrry at the time of wiing
the article in 2002 was working for Epic Games uah she content from the UDN website is similar
howe\er there are a few more hints on how to improve modularity

One mint that Perry expands on is planning, working with level designepsidatise assets and
construct an asset ligb include things sth asprops to landscapg he suggest talo this after
organising the scale and gridt this pointA (la@diadvisable to plan for end parts, Perry gives an
example of a modular river, there will need to be an asset ttatirallymakes the modularity fish,
for walls this could be a pillar or a door way if needed.

Following on from thatPerry states to start with the basics, at this pdintin advisable to start
making transition assets from aré@aarea or complex junctions, leave these till latdren the levels
are more developed.

Perry finishes up with ideas to overcome tlepetitivenessof modularity, he explains that adding
accessories to things can go a long way to making places feel unique, for example adding broken
beams, or posts etd¢o a castle hallway. Modarity can be takerfurther at this point making props
from modular parts, this can help bre#ie levelup even more, having different props that can mix
and match together.

These accessory a&s can also be used to conceal peabk that may arise with modularity, they
could bestrategicallyplaced to cover thing such as holes or seams in the texture or seams where
objects may intersect such as natural rock formations.

Once all of the above is done, Perry then starts making thgue assets for the level, creating areas

that need to be different from the rest of the gamas these are more one off bits the grid is less

important here, howeveh (istill& good idea to finish the edges up on the edge as it helps to fit the
objectstogether perfectly. Another factor to think about here is to look at the asset and see if it

OFyQi 0SS oNR]1SY dzZLJ Ay (2 OK diffisis maxdnisinghedse 5fRII & 2 Y'S 4 K
objects.

Finally level assembly takes place, this is whdrthalbenefits of the above come in, from the

different sets of assets a level now can be made. Due to the modularity of the assets there is a lot
more flexibility when constructing the levels, before requesting the addition of more assets, take a
look atthe assets that have already been made, see if any of them could be used outside their main
purpose for whatever is needed. This could save a lot of &intespeed production up overall with

the added bonus of creating a more unique environment from upiages that were nog¢xpected

to be used.
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2.7.4Tyler Wanlass at 3DMotive

At 3dmotive.com Wanlass produced a video tutorial on how to create modular a@&¥t$) unlike
UDN and Perry he takeddferent approachto creating modular assets.

Instead d@ startingwith the 3d model first like a lot of artists do, he starts with the texture first in
Photoshop again he uses the grid but insteadusing it in maxX (u§ed inPhotoshoffirst.

Using photo textureWanlassbreaks them up into their parts sh as bricks, trim detail, windows

etc. and places these on the gridRhotoshop using standard texture power of 2 size this then

forms the texture for the object, again the grid size can be set to any power of two but as before the
smallerit isthe more tediousit becomes to place the objects. lirfipartant to use the grid here as it
would have been used in theodelling packages, having teize of objects in proportion to each

other, while the actual size of the texture is down to the texture silmgtat for the item, this is

then relative space in a modelling package and as such can be made bigger or smaller, but its best to
keep it all at the same scale.
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Fig 40

This grid is then set up in the modelling package to match thehotoshop As the texture is
aligned to this grid it will then align to the grid of the modelling package

A flat plane is then made to the size of the texture, so if the texture was a 1024pb@texture
then the plane would be 1024x1024 units in the modelling pagkdge material is then applied to
the plane.
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This is now set up ready to model theecesfrom, he starts i splitting the mesh intesegments to
the same amount of that ih K 2 {i 2 Jyfid2tHeitbéeaking up the plane into separate sections

using thedifferent parts of the texture.
UDUQ'W'CQ_'] Autodesk 3ds Max 2010 x64

untitled.max |* | Type a keyword or phrase g8

WV |
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This has now separated each part into objects that have perfect pixel ratio and pediggptiyothe

grid. Using these parts the model can be created from using extrude, cut, bevel and other tools to
give ths flat plane depth and 3D shape, while most of the UV map will be good, after altering the
mesh like the above causes some probleths,extruded parts do not have any new UV co
ordinates and so have to be manually placed into position, this may béeallificult as instead of
making the texture based on the model, the model has tgbsitionedin the best dcation, with

time this maynot cause a problem however there is a chance it causes a seam in the asdtiese

are removed in creating the texte, as thisnormallyhappens on a cornghough, depending on its
position in the leveit might not be noticeable.
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These parts are then exported to the game engine, due to the unit scale being setup the same as the
engne the assetautomaticallyfits onto the game engine grignaking placement of the meshes the
same technique as with UDN and Perry ab@ge to the parts being same size as each other such

as the door height, wall height and weadiriantsheight A (le&s§t to quickly swap thewut and start

breaking up theelativenesof the level caused by modularity.

Fig 43
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Fig 45
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