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2.0.0 Abstract.

This thesis looks into the prevalence of photorealism in computer games design in comparison to
non-photorealism. The aim is to develop an understanding of the reason for this prevalence, and
with this knowledge look into ways that ngphotoredistic renderingNPRYan be expanded or
improved upon to bring balance to the two styl@hisis done primarily through research utilising
both journalistic and academic sources to seek existing opinions and theories on the subject, with
subsequent expeéments being used to provide evidence of whether these theories are true or not.

Two potential reasons were considered for the prevalence of photorealism, the first being that

photorealism was simply the more popular style. Existing theories showed g®hility that

photorealism is favoured amongst consumers for providing a more immersive and mature

experience, with non%. Z}3}E o0]su %}3 v3] 00C Z AJvP v P 8]A e} ] 8]}ve A]:
way of their cartoordike imagery. A subsequent surveya the ophions of a group of consumers

proved this to be incorrect; neither style is more popular than the other, both are in fact favoured

equally.

With this proven, a second potential reason was explored; that photorealism was the easier style to
produce. Existing research shows that photorealisra natural fifor 3D rendering due to the both
of them being technical art forms. Ngphotorealism on the other hand is a form that requires much
in the way of personal interpretation, a facet that is diffifor a computer to replicate withoua
significant amount ofnput from the user. This phenomenon can be described as the theory of the
A (pos ] e VSZ ST «}(3A E ~v C A£S aodfhultledhing towaPdsy e Z A
photorealism to thedetriment of nonphotorealism. Subsequent experiments both proved the

Ele3v }(8Z ~ (pos8 ]e+_ Al8Z]v}Iv }( 8Z u}+ss8 Al oC pus P u VP
Unreal Development Kit), while at same time develoging documentingvorkarounds fo the
specific cases encountered.

The results of this research shows that there are flaws in thessayegamecreation toolsare
designed that have the potential to inhibit creativity by making any deviation from photorealism
more difficult and time consming than need beThese are flaws that need to be acknowledged.
Additionally, the research is intended to be used not just by other researchers but also by those in
the UDK communitythe latter of whichcan use the information presented in chapters 7 (u®ugh
9.0.0 to help produce their own ngphotorealistic work.

2.1.0 Liter ature Review.

Existing research into the prevalence of photorealism is limited. There are homeawsrexisting

journalistic articles discussing the trend of photorealism, sueh: & uC W%]V][}v %o ] N
WZ}S}E o]eu /v 'u e dzZ Z]PZ3 |E Pkl (AD]VR ]}VUAZ53Z &E
photorealism can be considered a true improvemgpitice, 2006)While the article does contain a

significant amount of useful inforation on the evolution of computer game art from the

perspective of someone whuas been an industry veteran for six years (which helps to further

understand how the attitudes towards and methods used in games design have changed over time),

15 1} ev]sid#a@ylsolid answer to the prevalence of photorealism beyond what is essentially

Z He 8Z C Vv[U AZ] Z Jv 18 o( ]* 8}} A Pu v *]Ju%o]+3] E *%}Ve
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There also exists the papér,}A Z 0]*3] ]* Z o]*uM }ve] & §]}ve }v 8Z *§7Z §]
"ue_ C Z] Z & StefBn MJdinvogel, and Benno @izmacher Wages, et al2004) an
academic paper produced for thé' 3nternational Conference on Entertainment Computing (ICEC)
While the researcldoes successfully deconstruct the ways phletdism might impede the
enjoyment of a game, there are unfortunately soffevs in the research thdiringsboth its
usability and integrity into questiort is a short paper with a very limited scope; its primary purpose
is the aforementioned eéconstrudion, and little more Similarly to W & ](2006)opinion piece it
} ev[8 0 }E & }v 8Z %o}ee] ]10]8] * }( AZC %Z}3}E o]eu ]* ¢} % E A o
NeSE P Z3 ((WEgksEt al., 2004, p.fdason before continuing to deconstructetissues of
photorealism. Furthermore, when citing examples of mphotorealistic games, specificabonkey
Kong Super Mario Bys, andThe Legend of Zeld&intendo),Wages, et alfailsto distinguish
between the different instalments of each franchi3éis becomes especially problematic when they
refer to the special effects used in one of theldagamesWages, et abriefly describes how
vu] sUAZv ( & U AlJoo A v]eZ Jvsd} o}u « A3z ~+JR0860](] (0o}A
p.8). This #ect is specific td’he Legend of Z#d: Wind Wake(for the Gamecubeghowever they
do notat any pointrefer to the game by its full name amastead simply refeto it as Zelda (2006,
p.8). There have been more than fifteen instalmentsidie Legendf Zeldaspanning multiple
consolessomeone who is not familiar to the franchise would not be able to tell which game in the
series is being referenced. When discussing media in an academic manner, it is important to ensure
that there is no room for misterpretation or confusion

h%}v A% v ]JvP §Z & SZ }( E+ & Z ]JvS8} *Ju%oC Z }u%pus & P u |
available becomes much more plentiful. Over the last two decades there has been extensive

research into the subject of computer game gragsh demonstrating new ways to achieve particular

effects through shaders, textures, modelling, animation, etc. This applies both to photorealism and
non-photorealism. In the case of the latter, there is the International Symposium oa Non

photorealistic Aimation and Rendering, an annual conference dedicated to furthering the research

into non-photorealism in CGI. Each year the proceedings are published online (both as a collective

and in some casdsdependently, demonstrating projeSe e Z e-ThEeWatercolor

/oopueSE S]}ve }( Wo vSe he]JVvP oNE E %SZ d 8 C dZ}u e >u(8 v
al.,2006)

Thisresearch however,is purely technical; while it may prove usefliringthe latter stages of the

thesis(the practical experiment§v h <eU ]§ } ov[§ « EA 3§} % E}A] vVeA E- 3} 32
hand (aside from indirectly proving that a lack of informative resourcestithe reason for the lack

of nonphotorealism). While a technical perspective on computer game art is avaitehtindance,

a cultural perspective on computer game artrisch more limited Any pe-existing academic

research into computer gaming culture has a much stronger focus towards social issues as opposed

to artistic issuesincludingthe use of computer ganseas educational materiali@glone, 1980,

potential links between violent computer games and realrld violence Anderson and Dill, 2000

and the representation of paitular communitiesGassell, 1998While such subjects are important,

they are unrel&ed to the topic at hand.

To summarise, existing research into this specific topic (and the culture of computer game art in
general) is incredibly limited\ny existing work that does pertain to the topic tends to come in the
form of journalistic articlegin particularopinion pieces and interviews). While these opinians
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important andcan be used as pointf discussion, they cannot form the research alone. Instead,
these opinions will need to be further explored by applying them to examples in thevoehl, and

then further compared and contrasted with related research from other similar subjects (such as
movies or marketing). Furthermore, it is necessary to make up for the absence of existing statistical
data by producing new original data through appropriate survey.

2.2.0 Summary of Changes (September 2013) .
Here is a brief summary of changes that have been made to this thesis since the initi#h hand
(January 2013)

x The referencing system used has been changed from the Harvard Referentémy ®ythe
APAE «C+8 uU ]v JE v A]8Z 3Z hv]A E&+]8C }( ,u E-(] o [+ E
standards.

X Additional sources have been included to help clarify existing information and evidence.

X One of the examples shown in section 4.2.3 (The appaminie stigma) has been replaced
with a much more appropriate example.

X Various sections of the thesis have been rewritten in order to bring clarity to both my
intentions as well as the process used.

o Previously, the connection betweanany of the chaptersvasv[S % E} % EoC
established, leading the thesis to fedrupt anddisjointed. Tle connection
between thesechaptershas now beemore clearlyestablished, and the proces$
the investigation should now be much easier to follow.

o Previously, the experimenfgatured did not contain clearly sectioned hypotheses
or conclusions, lending confusion to their purpose. These experiments have now
been reformatted and rewritten to make their purpose much clearer.

o Numerous parts of the thesis that were found to be caifig have been simplified,
with only the most necessary information on display. Furthermore, sectiontd tha
found to be poorly written have since been redone.

X The final conclusion has been restructured so that it is easier to read. Furthermore, an
additional section has been added acknowledging notable examples of NPR games that have
been announced and/or released since the initial hamd

X The title of the thesis has been changed to better reflect the content and focus.

X The model used in Experiment #4 (fe]}v 0 X1 Xie Z o vV EuU U ¢/ A ev[§ %0
the previous model.

2.2.1 The use of digital publications.

One particulacritique however is in the way predominantly digital publicatidrem the internet
have been referenced in this researchohder to fully understand the justification behind this, it is
important to categorise the available material into the categories establishéditlyael Nentwich

in his bookCybersciencéNentwich 2003)
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X P-publishing: This refers to any work/journal/mogi@ph that has been published through
traditional printing methods (hence the prefixed P).

X Epublishing: This refers to any work/journal/monograph that has beleatronically
published, usually over the Internet.

x Parallelpublishing: This refers to any wdjournal/monograph that is available in both
electronic and digital formats, whether released simultaneously or through the digital
archiving of older works.

x Pure Epublishing: This refers specifically to any work/journal/monograph that is ONLY
availabledigitally, and is NOT available through traditional publishing.

The majority of the resources that have been used during this research can be categorised as either
Parallelworks, or pure Bvorks. Fo example the works ofMessarig1996) Mori (1970) ard
Brennan(1982)are Parallelworks. Although all of these were originally printed in a physical format,
they have since been digitally archived and are now available over the internet either threugh e
book services (such as Google Boaks)hroughacadeamic databases.

With these categories established, | can now further explairusgyofpredominantly digital
resources.

2.2.2 Parallel -publishing: Why favour the electronic sources?
As establishetty Nentwich (2003)the internet has had a huge effect anademic research, both in
the way that it is collected and in the way that it is published.

One of the ways that the internet has affected research methods is by mildasier for the

researcher to find information that is relevant to their studi@sis is due to two factors, the first

being that anything published on the internet, either research or information, is available on a global
scale. This provides researchers with a potentially much wider breadth of available information than
what would be aailable in pure physical forrthe sheer amount of information available could
potentially prove to be overwhelming, leading to a casefifrmation overload (Nentwich2003,

p.212), hence the importance of being able to organise and sort through ftoisnation to find only

the relevant work. This is the second factor; the improvement of search engine technology. With
services like Google Scholar, it is now much easier to sort through this vast amount of information to
find only the documents relevanbtthe research quickly and efficientiNentwich 2003, p.325As
Nentwich notes"@E ¢« @& Z § ole §Z § pe 3} 8 | Ce }JE A I+ u C Vv}A
(2003, p.210). This ease of access to information has the additional effect of ensuringstéeatch

Jev[S pvv e @EledC(Nenwich2003, p.215)

The internet has also had a large effect on the way research is published. Traditionally, there would
often be a significant time lag between the completion of the research, and the pubhaattisaid
research. For example, typicallfvmthematics journal will remain unpublished after comfbn for

two to three years. (Nentwich2003, p.323) This is due to the fact that traditional paper journals are
not published separately, but as a paftam annual volume. Such volumes had a limit on how many
articles could be featured, leaving unpublished articles to wait each year until iepace

available. (Nentwich2003, p.324) This time lag can prove to be problematic to the publication in
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quedion, as it is possiblthat the publication®]e Z}% 0 **0C }us & AZhesit$s (Jv ooC &
H]lv X_ ~E,2608]p323)

Digital publishing solves this by allowing for new articles to be published singularly online as soon as
they are consideredeady for publication, allowing for the publicati to reach itsaudience whilstit

is still relevant. (Nentwich2003, p.324) This process is made even faster by the fact that, unlike
paper publishing, there is no time needed for printing or shippingesple can download the digital

file (e.g. .PDFYf offline viewing. (Nentwich2003, p.324Furthermore, the methods of publication

are more varied; while many researchers may choose to release their works through an online
publisher such as the ACM DajiLibrary, others can and may choose to instead@afish the

work on their personal website.

This, howeveronly explains how the internet has made it easier to find such resources. Many of the
resources useth this thesican be categorised gmrdlel-works; works that are available in both
printed and electronic formatSuch resources include books, journals, and conference/symposium
proceedingsIin many of these cases, the electronic format has been chosen over the printed format.
Thee are variais reasons for this:

1. Insomecases, the work is either no longer available or difficult to obtain in a printed form.
Many of the books referenced in this work have limited availability in the printed format. For
example, the academic journglisual ImageryApplications to Advertisingrossiter 1982) is
no longer availabléo purchasen printed format, and only a digitally archived version of
Z}+]8 E[+ A}JEI ]+ A ]o Cgbe(sciEngiidentwich 2003), the very book being
referenced here, waanavailable to purchase fromny of the major book storeat the time
of this writing Fortunately, the Austrian University of Sciences (the original publishers of
Cybersciengehave the book available on their official website as a digiadak.

2. Digitd publications are easier to organise and read through. Digital versiosisch
publications are capable of taking advantage of digital tools designed to aid researchers,
including the ability to automatadly find keywords (Nentwich 2003, pp.325826) & well as
highlight useful passages for latese In many cases, citations and chapter references may
even be presented as URLSs, allowing the reader to easily find cited sources through the
Jvd Ev 38X E}S }voC ]* 8Z]e }v }( 3Z (epBqf@pertekt ROOFZA] Z[+ }v
p.266), but the ébook version oCyberscienceven utilises this feature for itself to provide
links to both referenced works and separate chapters.

3. Immediacy. By utilising officially sanctioned digital versions of these publisatioe
information within can be accessed instantaneously, as opposed to waiting for a printed
version to become availabl&hould a printed version of the work be available, additional
time must be spent waiting for the wi to be delivered. (Nentwicl2003, p.326) As noted
by Nentwich, with the advent of digital publishing the accessibility of academic publications
NZ e v PE SoC vZv _X ~Ti1TU %XiT0e

It is for these reasons that the electronic versions have been used in place of the printecisersio
This does not affect the validity of the work within them in any way. Regardless of whkéher
electronic or printed version ofdr example)CybersciencéNentwich 2003) is being used, it is still
the samework. The only difference ithe format used.
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2.2.3 Pure E-publishing: Can these sources be trusted?

There are, however, many sources used in this project that have no printed counterparts, and as
such are known as pureviforks. The majority of these sources are journalistic; nasisles

concening video games and the industry, opinion pieces, reviews, and interviews. This brings with it
one primaryconcern amongst researchetse integrity of these works.

The internet is a very wide and varied place populated with the many different viewspamnions of
its usersThis can be considered both a pro and a ddre common assumption is as follows;
researchers and journalists on the internet biot need to pass their work through a publisher, they
can theoretically publish anything they wish¢ludingwork that isfraudulent, plagiarised, or low in
guality. (Nentwich 2003, pp.38485, 387)

However, adNentwich (2003fliscov & U §Z]e ]Jev[S v ¢ (E]JOC *}W

X dZ g es }( cju}v [+ A}YEIU 183Z E «» &+ E Z EtheE i}puEvV 0]
reputation. Intentionally posting lowquality/incorrect information has the potential to hurt
or ruin their reputation, which in turn can hurt ér future work. (Nentwich2003, p.387).
Furthermore the same searckngine technologynentioned in setion 2.22 can be easily
used to contrast and compare documents and information, making the detection of
plagiarised ofraudulent Jv(}&u S§]}v upg Z ] X dZ]e Z]PZ & E]J°l }( ]JvP
dishonest, non% E}( **]}v 0o ENent@chZ2AE3, ppt37-438) alonecan be
considered a deterrent from thesactions.This is typically referredto as’as o( % }o] JvP _
effect. (Harnad, 1998 cited in Nentwi¢l2003, p.387)

x Should a digital publication accidentally contain erroneous information, such mistakes
be easily rectified and the fixed article-uploaded without issueThis is not the case for
massprinted works. Such editing can also be used to regularly update particular data or
research to keep it from becoming outdated, allowing the publicattoremain relevant for
longer.Such updates can even be publically documented, allowing for complete
transparency as well as access to older versi@sntwich 2003, p.457This also applies to
online journalism; for example, a news article concerningdely used service being hacked
may be subsequently updated with important information (suchvaat customer data was
compromisedps soon as it becomes available.

Despitethis reasoningmany still consider#nediato be untrustworthy; compared to &ditionally

printed works there is a distct lack of prestiggilNentwich 2003, p.353The printed text has an air

of authority due to its significant andighistory, something which the relatively young digital

formatlacks. Aexplainedby Guedonthe % E]J]vS § AS Z - v ¢} 18 A]JS8Z » usz}E
%}A & _ +]v §Z A EC P]Jvv]vP pu &} 18- ee  JVP «3E] 30C }VSE}
only to the privileged few. This is a significant contrast to the internet, which in its compyativ

short history has been considered an open and unregulated foamdtas such does not command

the same authority(1994 cited by Nentwig2003, p.354)

While t is important to both remember and celebrate the history of the printed tgxgstige (or
lack thereof) alone cannot be used as adequate judgement for a piece of work. While there are
many examples on the internet of claims and opinions thatusmerofessional anghoorly
researched, there also exiskamples opure Eworks on the internet thagaire trustworthy and
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professional. A good example of such a source is Gamasutra, a website operated by UBM TechWeb.
Gamasutra originally began as the online version of the printed magazine Game Developer, also
developed by UBM TechWeb. While most converdlazamingnagazines focus primarily on

computer game reviews and previews, Game Developer instead focused on games from an industry
perspective, being primarily marketed towards working and aspiring game creators. Both Gamasutra
and Game Developer ran camcently from 1997 until July of 2013, when UBM TechWeb officially
ended Game DevelopeGamasutra has since continued as both an archive of Game Developer
articles and as a source it ownpure Earticles.

Published works, whether they be journals, elgs, or monographs, should be judged not on the
method of which they are distributegprinted or digital) but on their contentWith this in mind,

every precaution has been taken to ensure that the works referenced in this research are works that
are boh relevant and trustworthyregardless ofhe format they use.

3.0.0 Introduction

3.1.0 The importance of computer game visuals

In order to understand the importance of thesearch it is necessary to understand the importance
of computer game vigls in generalWithin the context of games design, there are various
components that aremportant inthe production of a successful gaméisuals are but one of these
components, the others consisting of elements such as story, audio, and gam#&fplialy of these
components is ohigher prioritydiffers depending on the person, both consumer and developer
alike.

For exampe, gaming journalist LeClgR012) list his preferred key components as immersion, music,
addictiveness, and visuals. Although ackhowledgeghat successful implementation of these
Ju%}v v3e A} o v}E Pu E v3 §Z 5 P u Aloo P}} U Z } ¢ %0
importance on these components, noting that should a game fail to implement them in a
satisf $}EC A Can alrgospiguarantethat a game will not be nearly as great as it could have
v_X ~>202)E

Antoniades~ Z] ( <]J]Pv & (}E& Enslavellan th@&diher hand, places far more
importance on storyln an interview with Gamasuttae emphasisé Z} A Ju%}ES vs §Z P u [e
story is to him stating that he believeisis *$Z u}*8 Ju%}®E&S vS % ES }( SZ P u /A % !
Acknowledginghe importance of other elements such as gameplay, sounds, and cinematics, he

EPU » SZ S N o00 }( SZJeESL(vPEZ ES}IEC ,XO)VvS}Iv] -

Both LeClair (2012) and Antoniadg010) place differing levels of importance on different game
design componets; Antoniade$laces a large and detailed storyline as the most irtgpd element,
while LeClaiprefersa more visceral experiencEurthermore, the viewer comments below each
article showcase a wide variety of readers sharing their own thoughts and opinions on the subject,
with some ageeing with the opinions shareahd others disagreeing while sharing ithewn. Both
LeClaiand Anbniades as well as the viewers of each article, each have theirapimionas to

which elements are most importaniVith this in mind, it is easy to assume that the importance of
visuals is highly subjective.
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Despite this howeer, there is still a large amount of importance placed on visuals by the gaming
community as a wholeédne of the ways that can be seen is through the technological demos used

by those working within the industri.echnological demos (henceforth referramlds tech demos)

are demonstrations created with the intent of shoasingthe possible applications aurrent

technology in an enclosed and experimental manfigiese tech demos are predominantly used as a

form of marketing, showing the potential efther the hardware or engine the company in question

Z s %E} B X Kv }(38Z u}l}E&® A oo IvVIAv Mawbdame, jgedd]e ]« Es] ] [
advertise their line of graphics cards at the time. The demo shows a realistically rendered pixie

walking along a brash in a very sparse and low detail environmeh§  } ev[§ /]85 8§} «Z}A « §Z
music, nor does this tech demo have a story. It also has very limited interaction, only aliioeving

viewerto move the camera and choose which animation is playing. It esasg$y to showcase the

graphical capabilities aaltime 3D at the time showing the capabilities of the graphics card.

This of course makes sense within the context of computer gaming hardware; a company that
produces graphics cards, hardware dedichte rendering realtime 3D, would want to show the
capabilities of said cards, and a tech demo concentrating on graphics is the best way to do this. It
AYpo v[3 u | « ve (}@BcEporafe sto}ylines or advanced interaction into their demos
as these components do not affect the capabilities of the graphics card.

A game engine on the other hand is a mulie product withvariousfeaturesthat are important to
game developmentincluding physics, animation tools, artificial intelligence, and cadiolg. In

spite of thistech demodor game engines will still largely concentrate on showing the visual impact
these engines are capable of. Techu}es eu Z < Sanjafitandemo and Square v] £ Pev]|[e
Philosophydemochoose to specifically showcafe visuals their technology is capable of achieving

For example,lie Samaritandemo starts with a slow pan of a futuristic citMuch of the background
is out of focus, showcasing the new bokeh effect that is possible. The streets are slick with rain,
«Z}A <]JvP 3Z hv@E o vP }lbaded reflactjansPAfter the appearance of the official
"W}A E C hvE od Zv}o}PC_ 0}P}U 8Z A] A E ]-Sa@ritah 3} $Z u
He is a generic tough looking male protagonist, wearing alkatger coat powered by NVidia PhysX
cloth physics. As he bringse welding torch to his face to light his cigarettee viewer gets clear
look at how realistically the light difses through his skin withh <[+ v A ep opE ( e 8§83 & <Z
Furtherclose ups of his face show the realistic detailing of both his skin and facidhearing
sirens, he chooses to investigalidhe Samaritacan see a group of four futuristic police officers, all
of them wearing leather coats powered by NVidia PhysXsedesasly beating ugn innocent old man.
Upon seeing thighe Samatan through another closeup, dynamically transforms into a beast with
EUu}pE %0 & l]v E]PZ3 (}E 3Z Al A E[* C U v (( 8 %}es] 0 ]
now availablan the Unreal engine as part of its implementation of DirectX11). A fight scene ensues,
*Z}A +]vP §Z VvP]v [+ ]0]l8C 8} Cv u] o0oC vVv]u s 38Z (}E& u vs]}v
more complex scenes. Once the police are deddrge robot appears,ral the demo ends on a
cliffhanger. While this three minute demo has what can be considered a basic plot, the plot
Samaritanis there only to justify the use of specific designs and special effects that best showcase
the visual capabilities of the engine.

This emphasis on visuals is a trait shared both by the industry as well as the fan community. This can
be seen in the way members of the fan community have compared the graphical quality of games
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released for both the Playstation3 and Xbox 360 as a wagdavhich one is the most powerfitor
£ u%o U e E Z]JvP (JE "y }&E 101 A« Wi }u% E]J]e}v_ }v z}udp Aloo
by journalists and famalike comparing each version of numerous popular games, incjuding
ee eo]y[e  [Hax Payne 3GTA IyDishonoredBattlefield 3 NeverDeadCall of Duty 3Elder
Scrolls V: SkyrihA NoireResident Evil,&-inal Fantasy XIWhile these are all different games that
provide different experiences, they all go thigluthe same comparative procewssdecidewhich of
the two consoles provides the rebvisually superior experience

Whilethe importance of visuals may vary on an individual basis, there is at the least a large amount
of emphasis placed on the visuals when viewing both the industrytedommunity as a collective.

One potential reason for this may be due to the visuals being the most obvious of aspects. Much like
movies, video games are a visual medium. Not only do video games require visuals to easily
communicate the story to the viesv (just like their movie counterparts), but video games also

require the use of visual cues and feedback so that the game can be played. Whether this is in the
form of a heads up display or in the visual behaviour of the opponent(s), games requireisliads v

to be enjoyed to their full potential.

Once it has been established that gamesargésual medium similan movies, it can then be
extrapolated that both rely heavily on their use of visuals in marketing. A movie trailer relies on the
use of visubs to convey various selling points to the audience in a way that is clear and concise; the
premise, the featured actors, the genre, efcvideo game trailer is very similar in this regard, relying
on the use of visuals to convey its own selling poirtits;gremise, the genre, the gameplatc
Gameplay in particular is difficult to portray through words, and as such requires visuals to get the
point across (e.g the difference between describing the Kinect controller and seeing it in use). With
this in mihd it can be deduced that visuals are of high importandeéémarketing of video games.

dzZ]e ]-v[3 /A idgo-ddine &dlvétisingowever, visuals have long been an important element

in the world of advelising. John R. Rossiter @blumbia Universy discusses the importance and

power of visual imagery within advertisimghis workVisual Imagery: Applications to Advertisiig

this, Rossiter (1982, G A %0 Jve $Z § "% ] Znd&nsuperority okeoveords when it
comes to learning (i} ES v3 (JE E v A E v ee v E vV o] (¢«_U v 8Z §
the longevity of longerm visual memory in comparisontolor§§f Eu A GE o0 u u} X *>}vP
Alet 0 U UYECEYe %% E+ 5} Z A AJESH 00C pwsiopyJiffatake ]SCU & (
andshowsv} % EJu C }( E .(AWNs@nd Phillips, 10&ited in Rossiter, 1982;G

The works of Grass and Wallace (1974) and Media Book Inc. (1979 c), as cited in Rossiterl(1982, G
have both proven the effectiveness TV advertising (exclusively visual) to other forms of
advertising such as print ads and radio.

Furthermore a visual stimulus in advertising hasnuch higher chance of achieving an emotional

response than verbal advertising. This phenomenon is labbjlddessarig1996 p.3« « SZ Ju P [-
iconicityproperty.He notes§Z ( 8§ §Z § su Z Ju P » & % 0o }( "€EE & S]vPe
JV(}EuU 8]}v 8Z § JUE C e+ v (E Jve €ues » AZ (Mebsans} 1P9GPSE E o A} E
andthatanin JA] g o[* AJepu 0 % E %3]}v }( 3Z & o A}Eo "]+ ]Jvs]u 3 oC
(Messaris, 1996,p4) v §Z § §Z }E& 8] o00C AlJepo JuP EC v pe 8} /A %o

-

§ v v ] (Messaris, 1996, p.4hrough its ability to recreate thigisual information.
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One example of this connection between visual cue and emotional response comes froitisadyer
featuringsomeone looking directly at the viewer, a tactic commonly used by TV spokespeople and
models in magazines. This technique retiaghe human tendency to look back at someone vigio
looking at them. (Messarid4996 p.4)

Messarisgdoes stress however that such visual imagery need not recreatewadd vision with
}u%o $ MHE CU 8Z § A v ~ ES3}anvwhitel % Z7 S0P EIDGAP.Jare
capable of conveying the distinctive features required to elicit an emotional response.

This is the reason for the emphasis on visuals in both the industry and amongst the community as a
whole; visual advertising is the mogbwerful and effective form of advertisingvhile the individual
experience can vary when playing the game, the collective experience is much more consistent when
faced with marketing. With this fact established, it can now be said that there is alwayisdtisn

for continued research into the visual aspect of computer games, and of the varying methods that
can be used to produce aesthetically pleasing visuals for the sake of the collective experience.

3.2.0 The evolution of style: How technology has had a direct influence on

visual style.

WZ}S}E o]eu A ev[S 0A C* 3Z Z u%]}v *3Co Z}A A EX /v 3Z %o *3
games had a more stylised presentation. As the technology powering these games evolved, the

attitudes towards computer gamgraphicsshifteda fact that will be explored in more detail below.

321 Ance—"'t— ... —c'e —* —-S% 0,'804
Whenrendering technology was in its infancpmputergame
visuals werssimplistic and abstractGaming systemsuch as the
Commaodore 64 and thedysseewere not capable of either
storing or rendering large amounbf visual data (such as colour
information or rasterised graphicshpakingit difficult for artists to
produce detailed imagery. Jeremy Price, the CG Art Manager of

_ : - | Red Jade Studios, srb to these technical constraints as a
ST ST s mZ)E] 0 A VX USZIV Z]+ JkIVIY %] AG]
Gamasutra, Price (2006) describBg A ES]*Se pe S} A} EI!I A1BZQIvZIZR SZ }AE U
resourcefulness and their creativity to achieve the best resutsible without breaching its

JE E*X_

[IAMAGE

Duringthe early stages of computer game development, when pg
§Z]* " }AE_ A ¢ ¢3]o0 su 00U §Z § Zv}o} Pk
developers to create photorealistic gamé&uch early attempts ?
resulted in games that wereither aesthetically displeasing, or
limited in interaction.

| Lucca: Where have you beent!?

StarWars Rebel Assaultucas Artsfor the Sega CDig 1]is an No one wants to try the Telepod!
example of the formerAlthough the game useflgitized footage
from the original movies, the footage has been compressed in Figure2: Chrono TriggefSNES]
or @& 3} (15 A18Z]v 8Z }ve}o [* *% ](] &](ChronoTrigger, n.d,)
noticeable drop in visual quality.
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Those that were limited in interaction include Full Motion Video
(FMV) games such 8ad Dog McCre@American Laser Games)
and Night Trap(Digital Pictures)Athough these games looked no
different to a typical TV at the time of their release (using live
S1tv (}}S P }( S8}Ee S} S 00 SZ +S}ECU SZ C
other games at the time, and instead were more like inttire
Figurea: Modern independent tile ~ novies. In the case dad Dog McCregeyou had no control over
VVVVVV [PC] (KnucklesSonic8 where your character moved, nor could you choose which weapon
[pseud.], 2012) to use. Instead, you watched a precorded sequence of actors
attacking you, pressing fire at the correct time in order to progress.
Failing to press fire dhe right time would stop the video, subsequently cutting to a new video of
you being killed. As this was precorded footage, enemies could only be shot in a specific order, as
otherwise the game would require multiple precorded sequences for every gemtial outcome.
This leads to the game being more a question of remembering a pattern (like the electronic game
Simor) as opposed to a question of skifl.short, FMV games played more like interactive movies
than typical games due to their reliance oregecorded footage for photorealism.

As photorealism had proven itself be both incredibly inefficient and difficyldevelopers instead
were forced to findalternative ways to make their gamasstheticallyappealing. This resorted to
many older gameadopting a much more abstract, cartoon stjfie 2]. This style (colloquially

E ( EE S} -ohéiha @anydedignergevisit being mimicked in contemporary titles

such asSuper Meat BofTeam Meat)Minecraft(Mojang) andVVVVV\{Nicalis)fig 3] X dZ *» } A& _
forced developers to come up with creative solutions to many of the design problems they
encountered. One of the most famous of these solutions took place during the creatimoaafe
classidonkey Kon@Nintendo) According to an artielwritten forthe Official Nintendo Magazine
(East, 2010), the now iconic designMidrio was a solutiorto a series of limitations imposed by the
technology they were usinghigeru Miyamoto, the creator of Mario, had only a 16x16 pixel grid for
which todesign and animate him, as well as a limited colour palette. As it was impossible for
D]C u}3} 8} vl]u & D E]}+ Z ]E ]v }JvA]v JvP A CU Z ] §} P]IA I
A}po v[8 Z A 8}X =« (}E 8Z uvP Eplayersio]p ablsd klefrly SiewD E]}[e
running animation, another thing that was difficult to accomplish within the design restraints.
Miyamoto needed a design that would allow him to use colour to clefisiinguishD E]}[s Eu-e
from hischest, and for this he decided use dungarees. This desiigrin continued use todayvith
modern Mario titles utilisinghis same iconic desigdespite the aforementioned limitations no

longer being an issuéig 4, right]

In the interests of transparency, it should be noted tha Official Nintendo Magazine (East, 2010)
incorrectly attributed this information t&Guper Mario Brofor the NES (Nintendo Entertainment
System), % E} U (JME C &+ (S & D E]}* (]CE-DolkeHKodg v e Z:UU%ou )
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Figure4: (Left) Mario as he appears iDonkey Kong(Locke_GB7 [pseud.], n.d.)
(Right) Mario as he appears now. (Prince Ludwig [pseud.], 2012)

There have been various other cases where the need for ceeatilutions to issueisnposed by tle
ANYAE _ E epod Jv P u e A]SZ pvlcpy Alep o ¢3Co ¢ VSou(Bladee X Mp Z
(Namco) which relied heavily on colour usage and dynamic lighting to set the atmosphere of each
level; Fear Effec{Eidos) with its comic book aestheti®esidat Evil(Capcom)which made up for

its static, prerendered backgrounds with the use of atmospheric camera angleshnique which
became a staple of the franchisepmba!(Whoopee Camp)with its vibrant cartoon characters and
eccentricworlds; andSient HillU AZ3}[« ] }v] 3Z]1u (3P #AZe vshdut draving

distance.

322 The 0,50 %" " ™ea
Throughout§Z C @&« 3Z ~ } /A& with therP BEihda\great deal ohdvancement in the
technology used to render computer games, including:

x The adoption and subsequent improvement of colour graphics. Originally games were
rendered in monochrome, with some arcade machines using sheets of coloured plastic to
fake the impression of colour graphics. This changed in 1974 however with the refease
E u }[Galaxian the first fullcolour video gamgDonovan, 2010, p.85) At first the
available colour palette was limited, but this improved with technological evolution.

x The transition from 2D sprite art to 3D polygonal rendering, a process whitdelf
required various smaller steps to achieVée earliest examples of 3D games used
wireframe visuals to give the impression of 3D graphics within a 2D space. This method was
popularised by games such Battlezone(Atari). Atari then introduced thaise of coloured
polygons to video games with the releasd,dRobotin 1983. Thisvas then subsequently
improved upon by id Software witiatacomb &, the first 3D game to feature texture
mapped polygons, adding additional detail to the previouslydtébured polygons. This
utilised a method known as raycasting, which was subsequently used in other idSoftware
games, most notablWolfenstein 3andDoom (Donovan, 2010, pp.25B63) Further
improvements to 3D rendering included the introduction of Opef@Gen Graphics Library)
and D] E}}(S[* ]E Sy o] E E] X

x The improvements made to the aforementioned graphics libraries opened up a collection of
new features that allowedesignerdo further improve the appearance of 3D scenes,
includingthe use ofshaders. Shaders allaWe artist to dfect how aparticularsurface looks
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C Z vP]vP §Z A C ]S8[ *Z X &}E A u%o U «Z E-+ }po VI}IA
surfaces look like rippling water, plastic, skin, hair, glass, or a painting, by utilising methods
like subsurface scatteringnisotropicspecular and culemaps

X The increase in available screen resolutions (i.e the size of the image shown). The NES had a
rendering output of 256x240 pixels. The Playstation supported resolutions up to 640x480. In
the present day, it is expected for games to support at least duen of 1280x720 (720p)
if not 1920x1080 (1080pMHigher resolutions can also be achieved on a PC, as well as on
other particular devices (such as the third iPaddt only does the increased resolutio
mean that more detail can be viewenh the screenit also provides numerous other
possibilities for an immersive experience. For example, it is possible to play a racing game
with the display stretched across multiple screens, alloviamdpoth the front and sides of
the car interiorto be viewed at onceWith these screens positioned aroutite viewer, it
can providethem with an immersive experience.

x The introduction and the further improvement in physics simulations. Although physics has
become a large part of modern day gameplay (with gamesldgde, ' & & C [-LiDBqg
andHalf Life Zeaturing physics as major gameplay elements), the evolution of physics
technology has also had a significant visual impact. Modern day physics engines allow
developerdo create characters with hair and clothing theails realistically with their
movements, helping to provide visual feedback on elements such as how fast the character
is moving, or how strong the wind in a particular area is. Even primitiveqehgsgines such
as the ones usenh Tomb Raider PCoe Designpr Virtua FighteSegahelp to make
characters appear more dynamic. The same can be applied to locations too, with physics
being used for falling debrisplashesf water, spurts of blood, and smoke, amongst other
things.

x Theimprovements irhardware, especiallgpace and memory. Without the space to store all
of the data required, or the memory needed for the final rendering, all of the previous
advancements would be a moot poirErysigEA)in particular requires large amounbf
memory n order to run with the highest graphical settings without crashing, more memory
than what is available on any 3t system (hence the inclusion of @4 binaries).

« 57 ~ }/E _ Z,artBt€hpdevfoundnemselves capable of producing more visudbyailed
work. It has however now come to the point where artists are no longer working within constraints,
but are now actively trying to push constraints. As ndbedbrein section 3.1.0this process can be
observedthrough the many tech demos that habeen produced, marking each step in the
evolutionof technology This phenomenon has been witnessed and noted by Price (2006) in the
aforementioned opinion piece.

With the latest generation of hardware, the box is now bigger than it has ever been before.
Yet it is at this point in history that a fundamental change has taken place. For the first time
ever, 'technical feasibility' is no longer the major limiting factor in what can be achieved
visually. (Price, 2006)
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3.3.0 The photorealism bias.
By observig the tech demos that have been released within the last decade, the ultimate goal
behind this evolution of technology is evident; photorealism.

Dawn(NVidia) Adrianng(NVidia) Nurien(Nurien Software)The Final Fantasy VII PS3 Tech Demo
(Square EnixJrhe CastingQuantic Drearjy MedusaNVidia) Kara(Quantic Dream)Unlimited
Detail(Euclideonly Pv][e W Z(BogdaaiiJsamaritanEpic) Elementa(Epic) and New
Dawn(NVidia)are just a few examples of well known tech demos produced by tartie
companies and hardware developers, all of which focus on the ability to render photorealism.

Reading through the official article written for tidew Dawrdemoby NVidia (Wang, 2012) provides
a much closer insight into the effort and focus put inte tiendering of photorealistic graphics. It
describes in great detail how technology like Tesselation allowed them to give Dawn realistie strand
e Z]E 8Z 8 Alpo (0}A Jv 8Z AlvU E v E &} 0o}}l "e}(58 v -JolCU
the showe® (8 E v /£S5 ve]A }v ]3]}v daBoapiédlarly I1Xrgd Zm@nt pf focus
put into describing how skin in the real world works in accordance to lighting, and how subsurface
e 33 EJVP A e pue 3} E v E cl]v §Z 33}eu[3335) RE}CSu}@C 0}}le C
Finally, the article describes how pgsiocess shading was used to apply additional effects onto the
screen. These effects were not used to simulate how such a scene would appear to human eyes, but
insteadthrougha real world camera through the use of bokeh depth offf{iblokeh being a form of
photography originating from Japar§uch methods are not uniguas many other recent demos
showcase the same technology and methods.

One demachoweverthat stands out in pdicularisthe Karatech demoby Quantic Dreaman
emotionallydrivenpieceabout a female cyborg who, unlike other models in her line,dea®loped

human emotions. Unlike most other tech demé&srahas afleshed outstoryline,likening itself to a

shott movie as opposed to an elaborate displ&so unlike the aforementionedew Dawn the

}((] ] 0o AE]S u% (}JE $Z]« u} }v vEE § up Z u}Enithemplasisz E § E
on high qualityu}3]}v = % SuE 3} "Ju% E}A §Z (Shumis,Q0}2).8Xen sa i _

clear that their goal is still the same; to provide the most photorealistic experience (in both visuals

and acting).

By observing these tech demdiscan be ascertainethere is a emphasis within the mainstream
computer ganes industry to strive towards the goal of phatealism. « 2 ~ }/A_ }vS8]vu « §}
expand, artists within the industry have begun to strive for this goal of photorealism more than ever
before, putting in more emphasis into research that makes this gcsgipke.

Now, whileit can be arguedhat at this point in time there appeat® be just as many nen
photorealistic games as there are photorealistic games, a clear distinction needs to be made
between the mainstream and independeintdustries The majorityof contemporary stylised games,
including titles such adlinecraft(Mojang) McPixelSoS)Home(Benjamin Rivers In¢Deponia
(Daedalic EntertainmentBraid(Number None, Inc.)Limbo(Playdead)Hotline Miami(Dennaton
Games)Bastion(Supergiant Gaes) Giana Sister@Black Forest GamegndSword & Sworcery
(Superbrothers)are produced by independent game development groups, many of which attempt
§} upo § 8Z ZE SE}[ S Qrosectionvd.2.1Very fel® independent games
(henceforthreferred to as indie games) are mred in a photorealistic stylénstead, mosbf the
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photorealistic gamegublished at the writing of this thesare produceddy the mainstream industry,
the same industry that produces thetech demos. Steph Greenbef@®99) has noticed the same
strive for photorealism in the CGI (computer generated imagery) industry, noting in her submission
to Siggraph:

Ny Ju%opusS & PE % Z] [ ]V %S]}vU % E}PE uu E* v &ES]s ve
sought increasing realisnvi &€ v E]VvPU «uE( E % E * vS §]}v v Uu}A u v
PE Jo_ }( }u%pd & v]u 3]}v A}po %% @EU 3} v }use] } « EA
indistinguishable from the reality we all experience. (Greenberg, 1999)

3.4.0 Should photorealism be the ultimat e goal?

341 S'—"ifZcosie "Zf . F <o .t ——F" %ofete tTHec%ood
Thisemphasis on achieving photorealismil most likely bedetrimental to the future of computer
gamesdesign As more companies choose to follow this common goal and utilise photorealism in
the majority of their products, thiwill lead to games becoming visually unremarkable. In its purest
form, there is only one style possible with photoreaii and that is photorealisitself. There is only
so much artistic license that can be taken witke real world before it ceases to look like the real
world, thereby nullifyingthe point of photorealism. Even a photograph can cease to look like a
believable depiction of the real worltiroughthe use of photo editingn summary, all games that
achievethe goal of true photorealism will all look alike, bearing no unique visual elements to set
themselves apart.

This isan opinionshared by Sugano Yoshinori (1999) who, on the subject of photorealistic computer

graphics (CG) imagery used in televisionshdives § S§Z § ep Z ' ~§ v ¢ 8§} 0}}l u}v}o]sZ
excessively cleanpd X , }v8]vu ¢ 8} } ¢« EA 8Z § ~"8Z % EA JvP }%]v]}v }(
"eZ}luo He eepu Z8Z S v plv VISt LUu¥y ]9 Bj@® ¢ Jw uC }%]Vv]}vX

This Jev[3 8} « C 5Z & % ZM[BEZ B]*8Z %o b8 visadllyoagpealingr that there

]*v[S  Ferghotorealismwithin video games. Games suchHeavy Raity Quantic Dream

benefit fromthe usephotorealistic graphicddeavy Raimanages to create the experience of a truly

interactive movie by successfully digitizing not just the physical appearance of, but also the

performances of real actors, providing a familiar and empathetic experience. With these techniques,

Heavy Raimanages to motionally engage the player, forming an empathetic connection between

them and the character@\s shown by th&aratech demo discussed back in Section 3.3.0, this is

clearly a philosophy that Quantic Dream truly believes in, wanting to improve theiradgiin order

§} E]vP upg Z ul}E %Z}S}E o0]*S] Vv U }ve <cpuv3oCU "E o_ A% E

Photorealism, howevers Z}po v|[$ }ve] "E}oG P E ]J]o_ ~'E&ofgants Bedighd 0 0 »
It shauld instead be treat only as a style; one of matyes.Just like hovHeavy Rainvas better

suited to the photorealistic style, there are many games that are better suited to other styles, and as
such all of these potential styles should be tesdtvith the same drive and enthusiasm that
photorealisn curently receivesAt the time of writinghowever, this Jev[$ § Z. .

3.4.2 The lack of variety .
Nonphotorealistic rendering is capable of producing a wide rangetefestingimagery, a fact that
has been proven with the continued academic researgtthiose participating in the International
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Symposium on Nefhotorealistic Animation and Rendering (NPAR), an annual symposium
dedicated to the research of ngmhotorealism. The many academic papers produced by the
symposium include works suchthe paper}v " Z-Time Watercolor Illustrations of Plants Using a
ONEE %SZ d 3 C dZ}u *» >u(8 v Ko]J]A E pee v }( 3Z hv]A E-]:
how their methods can be used to create convincing watercolour renders of faunaftimeaSuch
methods are rarely utilised in a gaming environmembwever ,in favour of much more simplistic
and common methodsThis is a phenomencasoobservedby Doug Cooper (1999pting that
most of what he has observed in termbrmn-photorealistic renderingceS & « &}uv ~*S}}v
*Z JVvP_U %}3% v3] 00C PJAJVPSEYs UuBMEZ{*]}vo¥XZ $1E E VGoopr¥eo] 35]}v
1999)He goes on to note that nephotorealistic renderingppearso be used less for its potential
to look good, but simplyasane] E v ( *8 E A C 8§} % E} ESX Mt pe SZ o
S§Z C % E} p 0}}l §Z S ] «CoépE}, 199QuP Z[_X

¢
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4.0.0 Deciphering —St "t fe‘ee " ie f,ete...fa

4.1.0 PR versus NPR:Hypothesis

While the symposium mentioned in section 24as proven many times thatvarietyof interesting

visuals are possibleith non-photorealist rendering methods, this seems to have had no effect on

the prominenceof photorealism. As such, a lack of knowledge or research into this department
cannotbe$Z o u (}E& EWZ[s v U v 3Z ]e-+Astachnofogyhasos AZ E X
improved the photorealism style has become more and more promifeefict detailed in section

3200 dZ]e Jev[8 8Z }voC Z vP 8Z § Z « § | v %o o0al haZe #dsd\beEovheP u « Jv P
more populargaining a much wider markefor this reasonit is possiblghat this is an issue of

trend; photorealism is utilised more as it is the more popular style amongst consumers.

4.2.0 Existing Theories
There are some prexisting theories that, upon first glance, support this hypothesis.

4.2.1 Immersion.

Oneof the existing theories for this prominence of photorealism is due to its contribution to
immersion. Immersion can be described in one of three ways; flow, cognlis@ ation,and
presence. (Jennet008)

Out of these three forms of immersion, the third (presence) is the most impar&later, Usoh &
Steed (1994, as cited by Jenne&t009g define %o & ¢ v psychologicatense of being in a virtual
v A] E } vuThi$ is¥hen the individual feels as though the fictional world they are experiencing is
just as living and breathing as the real woilthisis the form of immersion most commonly referred
to in the context of open environment games, such as role playamges or first person shooters,
with developers wishing players to be able to feethamigh theworlds they are exploring are real.

A stronger sense of presence is achieved when the virtual environments and the interactions within
Aulu] @worldexper] v eJenrett, 2008. This sense of realism can be split into two

categories; social realism, and perceptual realism. Social realism dedwiledosely the
interactions/behaviour in the virtual world matches the real world. Perceptual realism desdtie
closeness in physical appearance. (McMahan, 2003, p.75) The combination of the two of these can
help to dramatically increase the feeling of presence.

Taking thisnto considerationit could be understooavhy a company wishing to make a truly
immersive[gamemay choose to use a photorealistic stytleking advantage of the heightened
perceptual realism to increase the feeling of presenidais line of thought has been utilisednrany
of the more recent open world games thagly on presencesuchasSkyrim(Bethesda)Grand Theft
Auto 4(R*), Sleeping Dog&Square EnixandHitman: AbsolutiorfSquare Enix)

While this might be a sound assumption, it is a disproven one. According to McMahan 2883
most scholars and scientists agree that ph@E  o]eu ]eVv[$ \‘or theeopl&el tq feel immersed.
Although the combination of both social and perceptual realism can be used to heighten realism,
both are not necessary; as noted by Clive Fencott (1999, as citedMwahén 2003), a cartoon
styledworld may have a low degree of perceptual realism, but could potentially have a higredegre
of social realism.
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Furthermore,it should be noted thaphotorealistic games have a much higher chancevokingthe

uncanny valley. The uncanny vallegéscribel by Mori (1970) as being thegative reaction to

something that appears real but lacks familiarity. Within the context of roboticgamsthetics, this

can be compared ta prosthetic handonethat looks real to the point where there is equal

expectaton for the prosthetic to share the same traits as a real hand (such as temperature, or the

feeling of soft tissue). When these expectations are broken, the subject may experiesalang 6f

HV o V M€Y e SAE prodthetic hand is too real and when wetice it is prosthetic, we have a

e vVe }( eSE VP v eeX_ dZ]ev P §]A ( o]vP v vZ v (MpEZ §Z ]Jvia
1970)

In the context of a video gamthe uncanny valley may refer eocharacter that looks realistic but

does not moe or behave realisticallgither due tothe limitations of the engine or the limitations of
the artist. A realistic looking character sets the expectation that the character should also move and
behave just as realistically. Should this expectation b&dmdycommon issues such asmdequate
facial animationthis may produce thaegativeexperience of the uncanny valleéguch cases may

have the effect okither unnerving or distracting players from being able to suspend their disbelief
thus breaking tk feeling of immersion. Stylised games sucklée (Acornsoftlor Limbo(Playdead)

do not suffer from this, as their appearance does not set up any expectation for the characters to
move or behave in accordance with re@brld expectations.

4.2.2 A cartoon stereotype.

Another possible reason for the unpopularity of nphotorealism is due to iteesemblance to
Z]o & v/ gpecifically cartoonsAs noted by Mitchel[1995), cartoon medihas traditionally

beenE P & o AM] o[ 3 p((thydEatiertionamdhg adults.

Orce, animation held a strong position in our society, as people of all ages and walks of life
enjoyed cartoons in the movie theatre and on their television sets. The humor of the early
cartoons was aimed at audiences ofaakes and sophistication levels. In recent decades,
however, cartoons ldgheir crossgenerational appeal. (Mitchell995)

This is similar to what has happened with video games, as discus3&ddrAlthough cartoon

games were originally aimed at adgiaudience, over time these games have been shunned in

favour of more realistic one&urthermore there has been a long standing assumption by the

mainstream public that videogames wereedominantlyfor children, a belief that powered many a

public outiage over videogame violence. For example, when the videoghodal Kombat

(Midway) andNight Trap(Digital Pictures) were first released, their violent content shocked

UJveSE u plv «AZ} o0]A 8Z S epZPu-+AE " MEEURS]VP §Z
(Donovan 2010, p.225)

With this in mind, it can be understood that both gamers and developers abiyewish to break

away from this imageOne of the ways to do this would be by distancing themselves from an art

*SCo SZ 3 ul P u-°ol}tdqi( ] v (} pe]vP u}® }v 8Z PE]SS] E v
style of photorealism.

In spite of this however, there exist games suclBaglerlandg{Gearbox)Zone of the Enders
(Konami) andWalking DeadTellTale)all of which are stylised games aimddkler audiencesNot
}JvoC } ep Z Pu-~ A]*3U ZYAA EV gy ZP ue E o0} epg eo(poX e
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scoresat the time of writing thisall of them proved to be just as critically successful as thesest
photorealistic counterpag at the time. For exampl8orderlandseceived a Metacritic score of 81,
while Call of Duty: Black OpgActivision) received a score of &)ne of the Endersceived a score
of 78, whileSteel Battalior{Capcom) received a score of 83; finalfglkng Deadeceived a score

of 89, while the similarly themeResident Evil &ceived a score of 74. As such, the belief that NPR
cannot be used in games intended for older audiences seems flawed.

4.2.3 The apparent anime stigma.

While both ofthese theores are flawedthe lattertheory (section 4.2.2canactuallybe observed

within the Japanese game industry, specificallghandifficulty many stylised Japanese games

endure when being released western territories It is typical of a gam® havechanges made to it

as it is released in a different territory. These changes are usually centred on the language barriers of
each territory, and may include the translation of any spoken and/or written dialogue in the game,
and the removabr editing of punsjokes, and HoSHE o0 E ( E v -« 3k& senddinothef$ u
languages or cultureor example, the numerous puns Bhoenix Wright: Ace Attorndsy Capcom

There have been some caskeswever,where not only has the language been changed to suit a
different territory, butparts ofthe visual style too. Such cases inclddmrest SenkBtar Ocean: The
Last HopeandMegaman

=

Figure5: (Left) The final box art foAgarest Senkitilising the orginal artwork. (Agarest, n.d.)
(Right) The proposedturopeanbox art. (Artefact [pseud.], 2009a

Agarest Senkdeveloped by Idea Factaris a Japanese Role Playing Game (JRPG) for the Playstation
3. It is known aggarest: Generations of War Europe, andRecord of Agarest Wam Anerica. The

P ule Alep 0 *3Co ]+ ]v E hgdl@mbsy@mt charaktér désigis]abdght colours,

all presented with a typical anime aesthetic. Thidesty continuous throughouhe packaging,
promotionalmaterial, and ingame graphicgfig 5, left] During the localisation procesowever,

publisher Ghostlightevealed plans to redesign th&uropearpackagingf the game with a much

more photorealistic style, featuring a much older and more aggressigtoveof the protagonist.

[fig 5, nght] The new design was met with derision by the fans, which led them to use the original
artwork instead. Tolenting 2009
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¢ Star Ocean: The Last Hoffeereafter referred to aSO:TLH
the fourth in the series, is a JRPG available on both the
Playsation 3 and the Xbox 36&0O: TLkvent through a very
& similar process té\garest Senkexcept with the igame
artwork instead of the box art. In the game, profile images
Figure6: (Top) The Japanese version of ~of the characters in your party are used in both the Battle
(Bittf(‘jrrgcfﬁg:ETnZTiSLha\S/te:‘i’fneof and Menu ipterfaces, alleingthe player to easily viewt a
Star Ocean: The Last Hope Pov AZ] z Z & s Etheylar¢)dikingsdthv
(Artefact [pseud.], 2009b) the Japanese version 80:TLHhese profile imageare
drawn in a 2D anime styl&ig 6, top] In both the American and European versions however, this
artwork has been replaced with realist@GI renders of each charact&rg 6, bottom] (Spencer

[pseud.] 2009

High Resolution Graphics

,au(-ﬁ e s e

e e Bl

Figure7: The Megaman box artworkor the; (Left)American (Mega Man Box US, 2010), (Middle) Japanese (Rockman
Box JP2010), (Right) and European versions. (Mega Man Box EU, 2010)

This is not a new trend, however. Anime themed artwork has lieplacedin western releases of

games since the late 80s, as can be seen witiMbagaMan franchise. Name&ockmarin Japan,

MegaMan]e P u % @&} p C % }lusz s ( SpE «3$Z Pufevu-<l ~vV
his way past various enemies and obstacles in order to defeat the evil Dr.Wily, all presented as a 2D
platformer. The original Japanese bart [fig 7, middlelshowsthe main characters of the game

drawn ina typical anime style with cartogoroportions, giving them a cute appearance. The

American boxart however is completely differentig 7, left], portrayingthe character oMegaMan

as a middleaged humarwith a hardgun (as opposed to an arm that changes into a gun, as in the

game). The cover itself is poorly produced and very inaccurate to the game, and has since become
notorious amongsMegaMan fans (to the point that a character based off this design was included

in Marvel Vs Capcom).3The European version of the bax [fig 7, right], whilemuch more

accurate than the American beatt when portraying Megd! v[e <]JPvU +3]Joo § 1+« A EC ](
approach toportraying the game as a whole. While the origirsgdahese bosart portrays the game

as something flamboyant and simplistic, the Europeandmattempts to portray the game as a

much darker and more serious game, and is again drawn in a much more realistic style

It is possible thasuchchanges were magldue to the belief that the American audiengesfers
darker and more realistigames ovemore vibrantstylised games, potentially to the point where
suchstylised games are ostracised by the indugby.their official Facebook pag&seed (a
company tlat specialises in localising Japanese games sucWwels E %o } v §} questiohe
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about their workwith *E § ]Jo E+ E v[3 3§}}cu@Esyl@aphicgwhich makes gob a
0]8%0 Uu}E NSEEQGaMEsend.] 2010

A similadine of thought is shared by Square Enix, producers of the renovi#ireal Fantasgeries

and the aforementione@tar Ocearseries. Thisan be observed in some of the design decisions

made during the creation dflier, an action game released on both the Platieta3 (PS3and the

Xbox 360. WhilethC ] v[§ Z vP §Z (ES§ +35Co U Az]theyldid@angptsd C ( po:
design of the main character between the two versidd&r Replicantand Nier Gestalt The original
Replicantversion, exclusive tapan (PS3), features a younger and more effeminate male [ead,

right] TheGestaltversion on the other hand, released in Japan (Xbox 360), America, and Europe (PS3

and Xbox 360 aNier), features a much older and more muscular male léad 8, lef] In an

interview with InsideGames (translated into English Agtefact [pseud.] 2010b), director Taro Yoko

explained that the change was due to the concern of international markets. They felt that a version

of the game featuring a youthful protagoni¢t}po v}3 } A oo Jv §Z ]Jvs Ev §]}v o u EI
E}ESZ u E] v }vepu E-U ]88 A » ] §} wstaEacA[pseud. JR0DThis v _ X ~

is very similar to the aforementionegdesign®f Mega Man not only was the art style dflega

Man [ box art changed, but the design lega Man himseflivas altered to appear older and

manlier.

Figure8: The protagonist as he appears in (Left) Nier Gestakdth [pseud.]2010a), and (Right) Nier Replicartiéath
[pseud.],2010b).
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4.3.0 Experiment #1 : Consumer Survey.

As can be observed from the prior examples, there is an inherent belief within these companies that
any game straying too far from a grittier and more realistic presentation will be less financially
succesfulin particular territoriesThis can be considered evidence proving the theory explained in
section 4.2.2, which in turn can be considered evidence supporting the hypothesis in section 4.1.0.

This is still inconclusive, however. At this point, all thattheen proven is the fact that the

companies themselves believe in the cartoon stigma, not that it works in practise. The only way to
certify whether either of the existing theories in section 4.2.0 apply to the consumers is to ask the
consumers themselveds such, a survey of over 300 people across a multitude of gaming
communities has been conducted asking them about their feelings towards photorealism and non
photorealism, the results of which can be seen bel®dhis survey has been conducted over the
internet to ensure a wide variety of answers from all over the world.

To reiterate, the hypothesis (as laid out in section 4.1.0) is that photorealism will prove to be the
more popular style amongst consumers, therefore justifying heuJvP v eSS Edvprdg} e
photorealism.

4.3.1 Survey Results.
Questions 0t 2 are typical demographic questions, included to both prove the variety of
participants and to see if there are any patterns in responses depending on demographic.

0) Which gender do you indentify as’

m Male
® Female

m Neither
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1) How old are you?

m 14 and below
m15-19
m20-24
m25-29
m30-34
m35-39
m40-44
m45-49

50 and above

2) Which country do you live in%

H Ascension Islanc

H Albania

m Australia

m Canada

m Czech Republic

m Germany

m Denmark

m Dominican Republic

m Egypt

®m Finland

m Greece

H Hungary

m ltaly

m Lithuania

m Luxembourg

m Mexico

m Netherlands

= Norway

m New Zealand

= Oman
Romania

m Russian Federatior
Sweden
Singapore
Turks and Caicos Islanc
Ukraine
United Kingdom
United States
South Africa
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Questions 3t 5 are to qauge the popularity of photorealism and nephotorealism amongst the
participants.

3) How would you describe your
game collection, in terms of how
many are photorealistic and stylistic?

—DC P u }oo S]}v ]e)

140

120

100
80
60
40
20
3 0
0 +———— T T T T 1

Only Mostly A balanced miMostly Stylistic Only Stylistic
Photorealistic Photorealistic ~ of both

4) Which of the two styles do you
prefer?

140
120
100
80
60
40
20 -

| prefer photorealistic | prefer stylistic games | enjoy both equally.
games.

5) Why?
(You can be as simple or as thorough as you please.)

For this question (5)yarticipants were required to write their own answer.
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The point of question 6 is todip gauge whether the cartoon stereotype (section 4.2d2)the
anime stigma (section 4.2.3) are genuine concerns.

6) Would the fact that a game is
photorealistic/stylistic play an
important role in whether you buy it
or not?

200
180
160
140
120
100

80

60

40 -

0 -

Yes. No.

Question 7 is a simple word association question based of the prior theories in sections 4.2.1 and
4.2.2.

7) Which of the two styles do you
(Jv s} SZ u}esSY

180

Lol

160

140

120

100 -

80 -

60 -

40 -
20 -

Immersive? Dull? Interesting? Childish?

m Photorealistic m Neither = Stylistic
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This question (8) isto helpgaP $Z

}vepu E[e }%o]v]}ve }v SZ

MHEE vS P u -

that is visually simple. At a glance, it is easy to tell which responses are strongly positive, negative,
or apathetic.

I'd prefer for there to be equal
measures of both.

I'd prefer for there to be more
stylised games than photorealistic

I'd prefer for there to be more
photorealistic games than stylised

There's currently an equal
measure of both?

There's currently not enough
stylised games.

2
20

There's currently not enough
photorealistic games.

|

8) Here are a series of Statements

Pertaining to each style. Please rate how

much you agree or disagree with each
statement.

47
104
93
m Strongly Agree.
Agree.
Neutral.
H Disagree.

0 20 40 60 80 100 120

m Strongly Disagree
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Questions 9t 11 were directly based on one of the examples of Hr@ma stigma in section 4.2.3.
Theparticipants were povided with the following imageand explanation.

PLAYS T TATICON =3

[Figure 5, Section 4.2.3Left (Agarest, n.d.) Right (Artefact [pseud.], 2009a)

The above image shows two box covers for the Japanese Playstgaome3
Agarest: Generations of War.

On the left is the final design for the American release, utilising the original Japanese artwork. On the
right was a proposed design for the American release, created with the intention of appealing to an
American audiece. The design features an older and more masculine version of the main character

(seen on the bottom of the final cover), rendered in a realistic CGl_style.

9)Without any prior knowledge of
the game, which version would you
be more inclined to buy?

200
150 -
100 -
50 +
The box on the left. The box on the right.
10) Why?

(Be as simple or as thorough as you want.)

For this questior(10), participants wererequired to write their own answer.

30| Page



11) Do you think the box on the right
IS an accurate representation of what
western audiences are looking for?

120
100
80
60
40 -
20 -

Yes. No. Other (Please Specify’

W ES] 1% vSe veA (&Juation} EMeeE required to write their own answer.

4.3.2 Photorealism vs. non -photorealism: The observations .
Numeroususeful observations can be extrapolated from this data.

X Basedon questionghree andfour, the majority of participants do not have a particular
preference over photorealistic or ngphotorealistic rendering in computer games, and tend
to like both in equal measure. This is further bolstered by quesigrwhich siows the
majority of participants do not feel the art style of the game to be a major factor in whether
they buy it or not. This goes against the previous assumption that the art style of the game
will affect the likelihood of it beinguccessfufsection4.2.3). This alone already disproves
the hypothesis in section 4.1.0; this cannot be a trend issue, as not only do the majority of
consumers like both styles in equal measure (they do not feel as strongly about
photorealism as some companies might assume)s Z €3 «3Co ]+v[3 A v Vv}$§
deciding factor in which games they purchase.

X Although the art style of a game will have little effect on ganespotential salesthese
styles are interpreted in different wayas shown by the text responses gite question
five. Recurring them& amongst these answers inclutte opinion that photorealistic games
are better at providing an immersive atmospheeepointexplainedobefore in section £.1).
Conversely, the recurrinfpemes amongresponses indvourof stylised games include
words such « Apv]<cp _ v " ]e3]v §]A _X

photorealistic for games such as mgs and batman create the atmosphere and
tension as best compared to movies and television. stylistic games such as Prince of
Persia 2008 can create be#ut unreal worlds that cannot be recreated in real life
therefore provide an insight into the surreal and impossible beauty. something that
can only be provided by cartoons or drearjssc] (Anonymouspersonal

communication, 2012)
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These two positive opians of each style are further bolstered by questsmven(the word
association question), where once again photorealistic games are considered the most
immersive, while stylised games are considered the most interesting.

X Questionsevenalso disproves theartoon stereotype thery explained in section 4.2.2, but
only to an extent. While the majority of participants disagreed when faced with the
suggestion that notphotorealistic games were childish, there is still a sizable amount of
participants who agrea with this word association. While such an opinion is in the minority,
it does at the least justify the feelings expressed by some companies (such as Xseed in
section 4.2.3) about the misinterpretation of their games based on the art style.

x Two things cafe determined from questioright. The first is that the majority of
participants agree to some extent that there is a noticeable gap in the market for stylised
games, disagreeing with the notion that there is currently an equal balance of both (and
strongly disagreeing with the notion that photorealistic games are in the minofiityd.
majority of the participants wouldlsoprefera balanced mix of both photorealistic and ron
photorealistic gamesThis is further evidence of the hypothesis in sectionGbking wrong;
% Z}S}E o]cu[e %}%opo E]SC ]* %}S v§] ooC A PP E § X

The final questions pertaining to thegarestartwork also proved insightfuMost of the applicants
who had chosen the original artwork over the new artwatk v fidne so due to a partular
preference to the anime styldut had instead done so for other reaso@eof the reasons
providedwas the quality of the style. Somethie responses given stated that the photorealistic
cover wagoorly executedwith particular emphasis on thgoor design of the character and the
lacklustre compositionThe other given reason pertained moreits inaccuracy in representing the
game

Because the one on the right could be classed as false advertising, and the front cover
should show you what yoget in game, instead of a more western version just for the sake
of appealing to western audiences mofsic] (Anonymouspersonal communication, 2012)

The guy on the right looks like a cosplayer. His hairstyle does not suit his facial structure. His
fadal features also do not reflect the typical structure of a realistic looking heroic character.
The more realistic you make the character, the harder it is to keep up the suspension of
disbelief that such a person would wear such a ridiculous look ahdhsiittain any form of
seriousnesgsic] (Anonymouspersonal communication, 2012)

Those who chose the original artwork assumed that, as it was the original artwork, it was an
accurate representation of the igame art style. Some took the initiative tordirm this by briefly
researching the gae and looking for screenshofBhese participants took issue with the fact that
the photorealistic cover was an inaccurate representation of how the game itself actually looked,
with some going as far as to calhiform of false advertising. This further emphasises the previous
point of consumers being less concerned about the art style of the game, and more about the
experience of the game.

Finally, when askeidithe photorealistic artwork was an accurate repratgion of what the
majority ofwestern consumers wanthe majority believed this to be false. It should be noted
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however§Z § o EGP u}pvsS }( % ES] ]% vSe pe 8§zZ ~KSZ E&_ S P}EC
Yes or No with an explanation attached, se tixact number of Yes and No answers is potentially

inaccurate Therewere, however,some interesting points brought up by those who answered

AKEZ E_Jv 8Z]* A CX *“Yu }( 8Z %o ES] ]% vSe IviAo P 37 § 3Z C ¢
might prefer the fhotorealistic artwork for a variety of reasons, as everyone has different tastes.

dZ C E +}v 3Z § 8Z]* ]+ A 30C AZC 3Z }v %S }( "A 8 Ev]s _ ES.
becausesverybody has different tastes. As suattempting to change the mrketing or style of a

game to match a particular regiaran be considered a form efereotyping. Some participants took

% E3S] po E }(( ve 38} 8Z]e 3 }( *3 & }3C%]JVPU A]S3Z }v % ES] ]% V3

4.4.0 Experiment#1 : The conclusion .

To summarisgthe hypothesis in section 4.1.0 is wrottlge majority of the potentiatonsumerbase
are not biasedowards either photorealism or nephotorealism.The majorityof consumersike
both in equal measure, and would prefer for ganoégither style to receiveequal representation
There is just as big of a market for aphotorealism as there is photorealism, a market which
(according to the results of questiaighte Jev[§ JvP § & 3§} X

Assuming thathe mainstream gamadustryhas a clear understaling of what the consumers
want, it is evident thatconsumer demantirend ]« vh& reason for the photorealism bias within the
mainstreamindustry. If this is not a trend issue, however, than the issue must lie elsewhere. With
the previous hypothesis proven wrong, it ismaecessary to explore other potential reasons ttoe
prevalence of photorealism.

A possible starting point for this continued research has been provided by Viktor Antonov, who
suggests that the prevalence of phogalism is due to it being the easier style.

5.0.0 Is photorealism e asier?

Viktor Antonov wagpreviously one of the designers étalf Life Valve)andis currently the Visual
Design Direalr at ZenimaXcreators ofDishonoredl In an interview with gamej Anonymous
2012), Antonov explained higlefthat the future of computer game design lies not with
photorealism, but with nofphotorealism. This was supposedly the belief thatilead to
Dishonored s Jv3 E «3]vP ,Admpining griftyorealim with a flamboyant painterly styldt is
during this interview thatAntonovproclaimed™ vGC } ¢ v }-@&Zpjru_X

Such a clairmay have seemed strange a decade or so ago, when photorealism was difficult if not
impossible to accomplisfas explainedn section 3.2.Q)but technology hasinceevolved to the

point where photorealism ia much easiegoal toachieve With the improvement of 3D technology,

many facets of the real world that artists traditionally had to replidayehand have now become
automated; the direction of lightatnd how it bounces off particular surfaces, the shadows that are

cast, the way light diffuses through skin, the way hair and cloth moves, the way the surrounding
scene igeflected off a chrome surfacejl of these are noveasy to achieve through 3D rendering

and are typically incorporated jefault in the 3D suite of choic&ofurther pv - E+38 v v3}Vv}A[e.
views, itis necessaryo look at theprimarydifferences between photorealism and nqmotorealism
beyond basic ap@eances.
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5.1.0 The elements of non -photorealism .

5.1.1 Simplification /Abstraction.

According to an article from Computer Graphics (CG) Quartenignymous2006), non

photorealism can be quickly summarised as a simplified representation of the re@ woU ~]v AZ] Z
0} }( EASE v }ue 3§ Joe & « v, %r dbstractionnak#s ohig imaggrgvwch

easier and quicker to process for the human brain by eliminating any unimportant data.

The article continues to explain the connection beémeghe ways a cartoon may simplify the real
world, and how the human brain also simplifies the real world:

In order to make a coherent internal picture of the physical world around us, we continually
simplify the visual information coming into our eyes;King out the essential cues needed
8§} E }veSEN S AZ3}i & E E}uv peU v }uE o} 3§]}v AlsZ]v
point along this pipeline, our images are probably transformed into something not far from a
cartoon*SCo E % & < vS HthinK €fYhis pipeline originating as 2D images on
our retinas, and ending as [a] reconstructed 3D scearset of recognized objects laid out in

T ~u vsS o uAenyXou2006)

To summarisgcartoons are a physical representation of the
process tle human brain goes through to process the surrounding
world, breaking down what the viewer sees only into the most
important components. For example, the human face can be
broken intovarious abstract shapeégg 9|. This is a common
technique among artist, including those who portray realism
Anonymous~Tii0e v}§ ¢ §Z]eU 3§ SJvP §Z § §Z]e ] N A
2NN 5. visual artists have been exploring for centuries, and is at the root
\%:V A ) SA. 4 J(uvG }(8Z PE § E3]+3] u}A uvse_XdZ G o
: \“~5‘} \3 ,;:} theory of persoml perception forms the base of many schools of
NEE NS s . .
Figure9: A stepby-step of drawing a  thought within the fine arts, and that works of fine art can be
face, starting with abstract viewedas attempts by the artist to communicate the way their
simplification. (Loomis A., 143) UJv VS E%E &« §Z A}GEO E}uv S$Z uV AdZ § e
down on canvas theesults from some of the intermediate stages of the visual processing that they
vis§] S I]JvP %0 A13Z ] AnSYM@ES20DB) « X ~

5.1.2 Exaggeration.

Whilstthe simplification ¢ visual information plays a large part in the creation of styliseagery,

there isanother important aspecto this processexaggeration. Many artists specialising in cartoons,
once going through the process of simplification, may choose to select choice elements from the
final data and bring more attention to it vexaggeration.

Within the context of character based art, this method of exaggeration is referred to as a caricature,

vV u (S & sz EE | E}SZ E+ "AZ} %}%po E]l $Z +5Co }( }A &
(Brennan 1982, p.% The caricature wotkby exploiting the methods used by the human brain in the
process of face recognition, noting which aspectsrohdividual[ ¢ ( u it vnique.For

example, a person may be considered recognisable by their distinctive nose, the colour of their eyes,
or their frecklesBrennan(1982, p.7)]* o0°¢} *u& S8} v}S 8§Z § 8§Z]e %% 0 S} "}v [ L
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meaning that it is based on thedividual[* % Ee*}Vv 0 % & % 3]}v InthiswiayB& E § S]}vX
concept of exaggeration is very similar to the agmtoof simplification; these methods are both
based on how the brain interprets visual information, in this cdse defining features of a face

For example, in tisicaricature of Lady Gaga Bl

[fig 10], artist VampirGoth [pseud.] has chosel
toexaggerate> C ' P [ v}e U Z]v
to make her look more recognisable. He has
also exaggerated other elements of the image¢
such as the size of the sunglasses, the size o
her hair, as well as the shape of her elbows.

Although E v vs (1P82Yyesearch !
coneentrates specifically on the exaggeration FigurelQ: Acaricature of Lady Gaga by VampirGoth [pseut

of a particulaiindividual[s ( SHE U $Z2012)

can also be further expanded to coxeemuch

wider scope For example, a real world location can be exaggerated in the same way, taking what
the brainperceives tde the most unique aspects of a location and exaggerating those features into
a stylised scene. The caricature can also be exploited with purely fictional characters in order to
portray a particular personality through the exaggeration of physical tila#tsare stereotypically
associated with thapersonality For example, a strong and brave character may have the size of
their muscles exaggerated to emphastkeir heroic status, while a young character may be drawn
with significantly larger eyes to erhpsise their youthful innocence.

As peviously noted by Brennaf1982, p.7)this dependsZ]PZoC }v 83Z ES]*3[* }AV % E %o
Every artist has a different perspective on what elements of a character or scene are the most
distinctive and this personahsight will have an effect on the artwork that person produces

For example, an artist who has a preference for conventionally cute artwork may regularly
emphasise elements that make a character appear cute, wheghinvolve making their eyes larger,
or making other features smaller and more delicate. Conversely, a fetiph-up artist may
exaggerate characteristics that they find sexually appeatihgther this may be individual body
parts (such as the breasts) or the entire physidtigs alone alredy provides many different ways
of presenting the same character and/or scene

5.1.3 Photorealism in comparison.

Taking thesgointsinto considerationthere isstark difference betweenhmotorealism and non

photorealism While photorealism has only ormg@pearance, noiphotorealism has an infinite

amount ofpossibleappearances, all depending on tivay the artist interprets the world around

them. This is the reason why Antonov claims photorealism is easier, further reasoning that anybody
v Ne v §ZVEPe P Anonymoud) TiiTeX ¢ %Z}S}E o0]eu } ev[S CE «p]E& 8Z

aforementioned processes of simplification and exaggeration, elements of the real world can be

translated directly into a videogame through the use of photography (textures) and 3D sganni

(meshes), thereby making the process both easier and fabkes.is particularly truavith games like

Half Life 2or Heavy Rainboth of which feature characters whose appearances are directly based off

real people with little to no alterationghe later of which makes heavy use of 3D scans
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With photorealismthe real world can be directly translated into the video game wuuilth little to

no alterations With nonphotorealism however, it needs to go through the additional steps of
abstraction andexaggeration (both of which can be affected by the individual artist) before finally
being used in the gamét is a comparison between a very technical way of viewing world, and a very
abstractand personalvay of viewing the world.

While this does helpt & §]}v o]+ v 3§} vanll help\dstAblish photorealism as the easier of
the two methods it also opens up the possibility that games designers are naturally predisposed to
the use of photorealism.

5.2.0 The default bias .

5.2.1 A technical art f orm.

As established in section 5.1@)otorealism is a technical way of viewing the world, while-non
photorealism is an abstract way of viewing the world. With this established it can be theorised that
computer generated imagery (CGIl) in general has arabpredisposition towards the use of
photorealism.

The reason for this is due to the creation of CGI being in itself a highly technical process. While
traditional artwork might utilise mathematical rules such as the golden ratio in the creation of their
works, these rules are only useda reference point and not as the tools themselves. CGI however,
being a digital art form, is powered purely through the use of mathematical equations.

For example, there is a large difference in the way colour is viémbdth traditional and CGl art. In
traditional art, colours are simply that. Primary colours can be mixed to produce secondary colours,
and secondary colours to produce tertiary colours. In CGI art however, colours are nuarizbthe

way these numbersra used will affect the colour being displayed. These numbers include RGB (Red,
Green, Blue) values, HSV (Hue, Saturation, Value), CMYK (Cyan, Magenta, Yellow, Black), and
Hexadecimal codes (e.g Black is #000000). Just like any other number, these ddade a

subtracted, multiplied, and divided to change the colours being shown.

As another example, a basic sphere. While a traditional artist may simply draw a sphere, whether it
be freehand or with a compass, a 3D CGl artist will instead have to gene&dhteghere. This 3D

sphere consists of a series of vertices that have been placed in 3D space, each with a set of numbers
dictating where these vertices lay on the X, Y, and Z 3Xese vertices then need to be connected
together in a specific pattern iorder to create polygons, forming the surface of the sphere.

Figurell: The mathematical equation foanisotropicspecular (Ward anisotropic distribution, n.d.)

While modern 3D modelling software allows the user to create shapes with ease, automating

most of the process, there is still a staggering amount of data that the end user has to contend with
in order to create a final producthis data is labelled usisgecific technicghrgon, including terms
such adgliffuse, mytrace,ambient aclusion global llumination, subsurfacescattering, lambertian
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reflectance anisotropic speculaiig 11], surfacenormals,and weightmapping,to name a few. This
language is vastly different to the languagéised by traditional artsts including terms such as
tones, shape, form, shade, tactile lineBpkes, and hatching. (Carte2011, pp.1413)

From this it can be established thdtet art of creating a 3D image is a process which requires not

only a certain level of artistic skibut also a certain level of technical understanding. One of the

main reasons for this is due to the fact that the evolution of 3D imagery has taken cues from the only
other 3D reference available; the real world.

5.2.2 The science of what we see.

Thereal worldin itselfis verytechnical. Every visual aspect of the world thae seecan be

explained through scientific and mathematical reasonkagy example, thevay that lightreacts to

particular surface# the real world can be explained by the kestablished by Johann Heinrick

Lambert in his booRhotometrial %o 0]*Z ]Jv i60iX dZ ¢« ]Jv op Z>u ES3[* 0o A )

which describes the exponential decrease of light as it is absorbed by a volume of uniform

transparency (such as water), a@> u @E3[+ }e]v 0 A[U AZ] Z ] 8 38 ¢« 3Z %% &
% Vv JVP }v §Z VvPo }( 8Z <pCE( Jlv & o §]}v 8} §Z A] A EX ~K[ }v

this same technical way of looking at the real world that has powered the evolution ofi&i®iy,

with suchequations and theories being useddalculatethe data needed t@orrectlyrender light,

shadows, andhighlights|fig 11]among other effects> u E3&S[* 0 Ae §Z ue oA « Z A v

integrated into 3D imagery, with one of the most commonshvP u} oe¢ JvP v u 2> u ES_

after the cosine lavit is based onlt is this common source of languatiat makes photorealism,

the recreation of the real world, fit neatly into 3D computer generated imagery with no issue.

Nonphotorealism on the oter hand]ev[S SE& ]S]}v o00oC § Zpeisomal andhliEtast /5 ]
effort. Asestablishecearlierin section 5.1.0non % Z}3}E o]eu & o] « Z A]JoC }v v ES§]-
interpretation of the world around them, as opposed to recreating thigioal source with pifpoint

accuracy. The art of ngphotorealismrequires input predominantly from the human miffior the

purpose of abstractiomnd exaggeration

A computer while intelligent enough to comybe alarge amount ofiatain little time,isnot a
replacement for the human mind; i not capable of interpreting and subsequently abstracting the
world the same way a human would, at least not without a large degree of input from the user (in
this case, thartist). In order to provide thisecesary input the artist must have a clear
understanding oboth the way the tool works and the language used in order to overcome the
technical limitations of the program. This is difficult to do, as the programs used to create 3D
graphics were clearly natreated for traditional artists, but specifically for 3D artists.
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5.2.3 The default bias: The concept.

This is an issue observed Rautek, Bruckner, & @lter (2008) when observing the issues faced by
traditional illustrators when using 3D renderingftsvare for scientific visualisation. WhikRautek, et
al. acknowledgsthat over the years these tools have evolved to allow illustrators to transition into
the realm of 3D rendering much easier than before, these illustrators €Hl wgig the softvare

to its full potential, i.e. to create expressive imagery. Rautek, et al. stipulates:

One problem is that visualization software is frequently designed specifically for domain
experts, such as research scientists or engineers, and utmost care is takecurately

present the original data. An illustration, on the other hand, deliberately simplifies or

distorts the data according to its communicative intent. This difference in focus often leaves
too little flexibility for the illustrator. Moreover, usénterfaces employhe language of the
domain expets while illustrators are more used to terms and concepts used in graphical arts.
(Rautek, et al., 2008)

While this quote specifically discusses this issue irctdmextof scientific visualisation, theame

issue presides in theD CGindustry. Inthis context, the damain experts are the 3D artists, while the
users being affected are the traditional artist§hile visualization software is designed to accurately
present the original research data, 3Dtesiare designed to accurately render lighting anddsives

based on real world laws (as established in section 5.2.2). Furthermore, the issue of the user
interface employing language that only the domain experts understand is an issue shared by artists
inthe 3D CGl industry, as established in section 5Thé.unintended sideffect of these language

and technical barriers is a system that favours photorealism oveiphotorealism; a default bias in

§Z 35}}oe 3Z ue 0A « 3Z § o0]u]s ssabilitg @& fullyFehNsecthelBvis]ers [

5.2.4 The default bias: Examples.

With this concept now established, it is easier to understand why there is such a stark difference
between conceptual and final art in many game projects. In many of these tasadd actually be
more difficult (if not impossible) to accurately portray the style in 3D, making photorealism the
easier and more likely option. This issue can be seen in action in the following examples.

5.24a Project Diva: Hatsune Miku

Firstisthe Project Divaeries of games produced by SEGA,
featuring theVocaloid character Hatsune Mikisigire 12 shows
the original design of Hatsune Miku as she is portrayed in official
promotional material, including the original box art for the
Vocaloidsoftware of which she originatgslesigned by Kei Gdre
The artwork is shaded in a manner not too dissimilar to
watercolours, with soft shadesf cool coloursand in some places
a splotchy appearance. Both her clothes and her hair have a
noticeable metalliquality to them, rendered in such a way to
suggest the reflection of a surrounding scene. The hair in
particular features pronounced highlights that are common to
anime images.

Figurel2: Hatsune Miku's official
design. (Kei, 2007)
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Compare this to her appearance in the original PSP game. Although styliggxarance, the style
itself is vastly different to that of the original design. The colours are more vibrant, and the shading
has been simplified. The clothing and hair have lost their metallic quality. Furthermore, the outlines
present in the original dégn are no longer pres. [fig 13, lefi]

Figurel3: (Left)Hatsune Miku: Project DivdPSP] (Jenni [pseud.], 2009)
(Right)Hatsune Miku: Project DivaDreamy Theater[PS3] (Spencer [pseud.], 2010)

It should be noted howevehat these changes were potentially due to the limitations of the

hardwarerather than the tools usedVhile the PSP was the most graphically advanced handheld at

the time of its release, it still has much lower specifications when compared to a homgleonsa

PC, capable only oéndering simplistic shaders. As such, not only is the PSP incapable of rendering

such acomplexneo Z}S}E o0]*S] *SCo U ]S[* o0} ]Jv % o }( E v E]JVvP ]v
Project Divdakes this further by not usinghaders at all, instead relying on simplistic shadowing

painted directly onto the textures in order to give the character visible depth.

Since then howeveRroject Divdhasbeen released on the Playstation 3 through theamy

Theatr expansion packKfig 13, right] This pack allows the player to plByoject Divan HD using the
Playstation 3providing superior visual quality through the use of high definition models as well as
the introduction of shadersThe Playstation 3 isppwerfulhome consolehat is capable of
outputting visuallydetailedtitles such asleavy RainEnslavedandFinal Fantasy Xidue to its

higher specifications, capable of utilising higher resolution models, testand complex shaders. In
spite of this lowever,rather thanusethis additional power to try and more accurately recreate the
painterly style of the original design, SEGA instead used this additional power to add realistic
shadowing, normal mapping, and metallic shaders on what is still an anime styled charaister. T
gives Hatsune Miku the appearangieilar to thatof a resin figurine, a style that leans much farther
away from its painterly roots than before, and much closer towards photorealism.

Takinginto consideratiorthe aforementiored (section 5.2.0possibiity of photorealism being a
much easier and more efficient style to #ecan be theorised that this was the reason for this
drastic style change.

5.24b Fable 2

The same discrepancy can dleservedin therole-playing gamd-able 2 The original congs

artwork for Fable 2portrayed the world and inhabitants of Albion in a very dirty, gritty style.13]
The artprovidesa very traditional look to them, fearing predominantuse of pencils and
watercoloursin such a fashion that they give the imageery distinct texture; the pencilled cress
hatching provides depth and detail, while the paints produce a natural cloudy texture. The
somewhat erratic use of paint and pencil strokes combined with thatdeated colour scheme give
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the impression of a gn and dirty atmosphere, offset by the expressiveness and flamboyancy of the
designs themselves.

Figurel4: Fable 2conceptual art. (Fable 2, n.d.)

The final game however forgoes these details in favour of a much cleaner fekgat is
comparable to the works of Pixar. Although the designs of the characters are still stylised and
expressive, the game now utilises realistic textures, realistic lighting and shadowing, as well as
realistic shaders for materials such as metalthclbair, and skin. The erratic sketching and painting
is no longer present, with the game favouring a much cleaner, softer [lowK.4]

Figurel5: Fable 2in-game screenshot. [Xbox 360] (Hofer B., 2009)

Taking the possibilitgf photorealism being a more efficient style into consideration agis
visual difference could be justified by these shaders being much simpler to produce and use.

6.0.0 The Default Bias: Proving the theory .
As established in section 5.2.0, theraipotential bias towards photorealism within the design of
the tools used, utilising features and language that favour photorealism while making the application
of other art styles more difficult and time consuming, complications which in themselvescan b
SE]Ju vS3 0 8} SZ Pu %@®&} u S]}v % E} eeX dZ]e *pul]S oC u S Z « s]lS
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photorealism being the easier style to utilise (section 5.0.0), while at the same time providing a
possible explanation for the drastic changes made betweeneaqtraesign and final product in
particular projects (section 54. In its current form however, the default bias is only a theory.

6.1.0 The Default Bias: The experiment.

In order to prove (or disprove) the existence of the default bias within gaméugtin tools, it is
necessary to experiment with the tools in questidws suchan experiment will be carried out using
the Unreal Development Kit (UDK), a popular game engine produced by Epic Games. This is also the
same engine used to produ@amaritan the photorealistic tech demo described in section 3.1.0. On
the other hand, the Unreal Engine was also used to produc8thderlandggames (Gearbox), a
series of first person shooters withsamplistic comic book aesthetic. UDK has been chosen for this
experiment for multiple reasons; the engine is freely available, it is notable for producing
photorealism, and it is widely usedthin both the independent community and the mainstream
industry. Some examples of previous games made with the Unreal EngindeMirrors Edge
(DICE)Duke Nukem ForevéGearbox)PishonoredBethesda)Mass Effect §BioWare) Super

Monday Night CombatJber Entertainment)Batman: Arkham CitgRocksteady Studios),dvtal
Kombat(NetherRealm Studios),

This engine has preuisly proven itself capable of producing photorealism and-pbaotorealismto
an extent Thelatter howeveris the minority of the twgand in most cases where nguhotorealism
is used itusually amourd to the same simplistic toon styles described by DGogper in section
3.4.2. For this experiment, its ability to produce more complex and varied forms ef non
photorealism will be judged.

This will be done through three separate experiments. Each experiment will use a different art style
as its reference pat. These art styles include; a somewhat simplistic visual novel style, a manga
screen tonestyle, and a detailed painterly style. For each experiment, the art style used will be
analysed and deconstructed into its basic points using the language oftaottaditional artists

and the domain experts. UDK will then be used to create the closest approximation of the style
possible, primarily through the creation of shaders, with each step of the process being documented
in detail.

6.2.0 The Default Bias: Hypothesis.

As noted in the previous section, UDK is notable for producing photorealistic results. As such, it is
highly possible that the engine will suffer from the default bias in some way. This forms the first part
of the hypothesis; the theory thahe default bias is true, and it is present in UDK. It is unlikely,
however, that the default bias will manifest itself when producing very simplistic imagery. As such,
the second part of the hypothesis is that the default bias will only manifest itseliglthie later,

more visually complex experimenthie more complex the style, the higher the possibility of the
default bias manifesting itself as an obstacle.

7.0.0 Experiment #2 : visual novel style s haders.

For the first of these three experiments, datively simplistic toon style will be recreated in the

form of a realtime 3D shader. Specifically the toon style chosathat of a typical Japanese Visual
Novel. A Visual Novel (commonly referred to as a Dating Sim) is a simplistic game, usuallg romanc
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themed, that relies predominantly on 2D artwork and text to convey a story. Most Visual Novels play
like a choossgyour-own-adventure (CYOA) book, providing the player with only limited interaction
through occasional multiptehoice decisions, however thiJev[§ v  igu@shivho Naku Koro

ni (a.k.aHigurashi When They Gtyy 07" Expansion is a notable example of a linear Visual Novel

with no branching paths

The artwork featured in a typical Visual Novel shares much of the simplicity of /amamertwork

(such as cethading). Due to the nature of Visual Novels, however, the artwork becomes a lot more
visually detailed; the lack of both animation and unique images allows the artist to spend more time
on the artwork, both drawing in more details @wgll as using more detailed shading.

Figurel6: Suzuna Kuraki froniKao no Nai Tsuki{Carnelian [pseud.], 2000

For the rpose of this experiment, figure 18ill be used as the source materikigure Bis a
picture of the chaacter Suzuna Muraki from théisual NoveKao no Nai Tsuka.k.aMoonlight
Lady, drawn bymangaartist Carnelian [pseud.].

7.1.0 Dissecting the style .

7.1.1 Shading and Tones / Diffuse .

The way that a surface has been shaded, as well as the tordsaen have a dramatic effect on

how the surface looks. Choosing the right combination of shading and tones can produce anything
from a basic toon drawing, to a realistic portrayal of skin, velvet, or brass. In 3D rendering, the way a
surface has been shad is referred to as thdiffuse A typicaldiffuseshader will start with the base
colour at its brightest point, and end with black at its darkest point, with an even gradient between
the two points.In the language of a traditional artist, this maykewn simply as shading, and the
colours used may be referred to as tones.

This characterhowever clearly does not usthe typicaldiffuseshadingas described beforeBlack is
never used; instead a slightly darker and more vibrant dekieadf the baseolour is used. Amongst
toon artists, this is known as duone shading, literally referring to the use of two tones (the base,
and the shadow)Someof the othersurfaces, such as the hair and clothiognuse up to three
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colours; a base colour, a midrte, and the darkest toné&iown adri-tone shading)Furthermore,
instead of an even blend between these tones, these tones instead use much sharper transitions.
This igeminiscent of a styleommonly known amongst traditional artists as-skhading.

Cd-shadingas a termhas its origins in traditional celased animationand refers to tle time saving
techniques used faraditional animations in order to produce the needed individual frames of
animation much more efficientlyTraditionally, animationrhmes wereandividually drawn onto

layers of acetate, with the necessary colours painted on the back behind the outlines. Due to both
the time it takes to produce a single frame of animation as well as the tools being used, the
colouring process had to l@mplifiedin orderto accommodate the simplification of shadows into
their most basic shapes. The term-sblading is literally referring to the style of shading used in the
creation of animation cels. Although animation tools have since advanced torallaiv more

detailed shading and animation, many shows still resort teshaling both for its efficiency and its
charm.

This image is not a part of an animation however, and as thechrtist can afford to have slightly
softer and more detailed shadows the image. Using cshading as a starting point, he has applied
a soft blur tomanyof the more rounded surfaces (such as her hands) while usirghsharper
shadingfor any shadows cast by objects that are close to the surface (such as the hair aagiang
shadow onto her forehead), similar kmw shadowswork in the real worldthe closer an objedsto

a surfacethe sharper the shadow it casts

Returning to the domain languagthe artist would need to take your baglffuse replace black as
the darkest point with a colour dfieir own choice, and adjust thieansition betweenrthe lightest
and darkest points the much sharper (though still with a soft blur)

Figurel7: (Left) A representation of a normaliffuse with a flesh toned base colour.
(Right) A representation of theliffuse shading used in the source image on the skin.

7.1.2 Tone Variation / Ambient Occlusion

The shadingappearsmore detailed than thahowever, particularlyin the coloursor tonesused

Upon closer inspection, there are various areas which utilise soft gradients of colour that help to
make the shadingppearmuchdeeper and more detailed. This candieservedon her hands

(particularly the creases her fingers make when bent), her neckehecheek, and her forehead.

Rather than being caused by shadows cast by the primary light, #mssarto be caused more by
surface proximity. Her bangs are very close to her forehead, and a gradient is used here to represent
this. There is a clump bfir near her left cheek, and a gradient is used to represent this (the shadow
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enough). Her neck is predominantly obscured by her chin and her clothing,darélex colou is
used to represent this

These points of interest suggest the usanfbientocclusion a method of shading a model based
on light attenuation caused by occlusion.

Figurel8: (Left to Right) Ambienbcclusiononly, diffuse only, and the two processes combined. (Mrtheplague [pseud.],
2005a; b; ¢)

As can be observed in the above exampdesbientocclusionproduces soft shadows in any crevice
like area, particularly in areas where two shapes connect together @uthe legs). This shading
helps to provide much more depth to the image, while also providing a much stronger effect of
surfaces being close or connected to each othuich likediffuseshadingambientocclusion
shading starts from white at its lightegbint, and black at its darkest points, with a mostly smooth
gradient between the two points. Thanbientocclusioncan be utilised to ehieve the deep shading
required by the style

To do this, the artist will need to replace black as the darkest pdihtavcolourof their own choice.
Upon closer inspectiont appearsas though the gradient caists of two colours; an orangene for

parts of the surfaces that are lit, amdmuch more pinkone in areas that are in shadowhisshows

that the colour ofthe ambientocclusionis directly influencd by the colours used in both trgiffuse

texture and shadingpossibly through multiplicatian

Figurel9: (Left) A representation of thaliffuse skin shading withoutambient occlusion
(Right) A representation of theliffuse skin shaling with ambient occlusion
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7.1.3 Outlines.

Like most toon images, this style featurespinent toon outlines. dlike most anime styled
animationshowever,whichcommonlyuse even width outlines, thisnageinsteaduses outlines that
vary in width, giving the effect of outlines produced using traditional inking methods. It is common
practise when inking outlines in such a manner to vanyitheewidth based on the lighting of the
surface (lit surfaces iz $Z]Jvv & o]v «U «Z }A epE( =+ A]S8Z 8Z] | €& o]v *sU
appear to be the case in this particular styllestead, outlines vary in width depending on how

straight or curved the particular edge is. This is typically caused by stiiaigghbking inked with a

simple quick movement (resulting in thinner lines), while corners and curved surfaces are inked with
slower and more precise movements (resulting in thicker lines). The colour of the outline itself also
variesdepending orthe lighting of the surface.

In 3D renderingthis kind of outline can be produced by usingsnel(also referred to asdge blend

in some 3D packaggs function which determines the boundaries of an object based on edge
anglesFor example, if a camera is paimg directly at a spherehe polygon in the centre of the

sphere is facing the camera almost head on. According térés@elfunction, this is the centre of

the mesh, and is represented as white. Towards the edges of the sphere, the polygons steet to fa
away from the camera to the point where they are perpendicular to the camera. According to the
fresnel this is the edge of the object, and is represented as black. Any polygon facing in the opposite
direction of the camera is not factored into the ediam. Thefresnelwould then typically blend

between the centre point and the edge point with a smooth gradient. Because this is based on the
angles of an edge, rounder, more concave objects tend to have thicker outlines.

To produce an outlinéor the shader, information provided by théresnelshould be taken and
sharpenedn a similar fashion to thdiffuse Information from thediffusewould also need to be
utilised in order to alter the colour of the outline.

Figure20: (Left) A representation of the defaulfresnel.
(Right) A representation of a sharpendtesnel, with diffuse based colouring.
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7.1.4 Highlights / Specular.
Specularefers to the highlights that may appear on particular
surfaces, especially ones that afeiny. In this case, the most
noticeable highlight in the image is on the hair; a thin, horizontal
stripe that gives the impression of healthy, silky hair. This is in fact
an exaggeration based on reality; hair in the real world exhibits
similar horizontahighlights in well lit area&ig 21]. Thisspecific
highlightis known as a@nisotropicspecular aspecularmighlight
used for surfaces such asihand brushed metal. Thigghlight

Figure21: Shiny hair in the real howeveris stylistically different to real worlgpecular the

world. (Flickr flame [pseud.], 2009)  highlight begins as a sharp, white stripe, subsequently fading into

a soft purple haze. This makes the overall image appear mghter andmore vibrant. To produce

this effect, aranisotropicspeculamwill need to be altered in a very similar fashion to thffuse,

customising the shape and colour of the highlight.

7.2.0 Replicating the style in UDK .

This section of the document explains in detail the process of translating this style into a shader that
can be used in redaime 3D. For the sake of companms@ 3D model was produced resembling the
previously shown charactésection 6.1.Q)

7.2.1 Diffuse (lambert ).

Asstated before in section 6.1,1t is necessary to change the badiifuse shading into something
sharper and more colourful. By defaultDW gives users the option of various hardcoded lighting
modes, includingghong blinn, anisotropi¢ andsubsurface scatteringll intended to produce
realistic effects. In order to alter thdiffusethe way that the user wishes, it is necesstargpen
access to the lighting information, which requires the use ofiatom lighting mode

Thecustom lighting modés a mode with no hardcoded shading suclphsngor anisotropic

allowing you to instead build your own lighting from scratch. As such, thesfiagtis to create basic
lambertianshading which can then be used as a starting point for the rest of the shader. This is done
by taking the surface normal (typically in the form of a normal map), the light vector (the direction of
light), and output a doproduct of the two. This will produce the basiiffuse shading; white where

the light is brightest, black where the light is darkest. Note that here, an additional clamp node was
used (values: 0.01 and 0.99) to fix a minor glitch caused by UDK.

Figure22: Alambert group plugged into a gradient ramp.
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Now that access to this shading data has been opened, it is possible to alter it to appsieiced.
Themost efficientmethod to do this is with a gradient ramp.

Figure23: A gradient ramp (skintone).

A gradient ramp is a texture consisting of horizontal gradient; left side being the brightest, and right
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however, thelambertshading is used as the UV map. This causes the texture to dynamically wrap

around the mesh based on the light direction. By using a gradient map with bright colours and a

sharp transition, the effect of cadhading is achieved.

Figue 24: Adiffuse based gradient ramp multiplied with a texture.

This effect is then multiplied over thdiffusetexture by using a multiply node. This produces a
textured model with ramped shading.

Figure25: (Left to Right) Basdiffuse, gradient ramp, and finatliffuse shading.
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7.2.2 Outline s.
There are three ways to achieve a toon outlinegattime 3D:

1. Duplicate the mesh, expand it, and reverse the normals. This produces a secondary mesh
that appears to be turned inside out. As the base mesh blocks most of the secondary mesh,
this produceghe effect of an even width outline. This is a very basic method that has been
used in early 3D cel shaded games sucBleep } P v][ tamdJet Set Radi®n the one
hand, the outline is of an even width, and canrbaderedin any colour that is desired.
Conversely, howevethis doubles the polycount of a single modetich Jev[S %o % E} % E] $
for more fluidhand drawn (( $+U v 0°<} } «v[3$ eSheEthaheldnBided
transparency (for example, characters featuring layered hair) as the secondary mesh would
also be Zsided.

2. The second methodtilisesa postprocess shader. This typically works by takingzdepth
information of an entire seneand then utilising this as the source data smbel edge
detection As this is a shadeather than a meshit can be further expanded to change the
style of the outlines, such as making it uneven, having outlines become thinner and thicker
dependingon depth, or changing the tolerance of the outline (making it either more
simplified or more detailedConversely, howevethe colour of the outline cannot be
customised for individual surfaces in a scene, instead only being customisable for the entire
scene. While this would work for styles that only require outlines of a single colour (such as a
] Ju]l }}! ¢83Co sU ]38 } *v[8 A}JEI (}E u}E }u%o /E +35Co » AZ
(such as Disney animation, or tiésual Novestyle this experimat is dedicated to).

3. The third and final method is to use the aforementiorfegsnelfunction (section 6.1.3)The
fresnelfunction is a preproduced dot product output of both the surface normal and the
camera vector, specifying which polygons arerfa¢he furthest away from the camera (and
as such, presumably the edge of the mesh). On the one hand, the
colour/thickness/sharpness of this outline can be customised for each individual surface.
Unfortunately though it is impossible to get an even widblutline using this method, so it is
more appropriate for styles that have a more fldidhd drawnlook to them. For example,
the outlines inStreet Fighter I\dre generated using this methad match the heavy ink style
of the concept art.

Thefresnelmethod appears to be the most suitable methfmd this experiment To do this, the user
must first begin with dresnelnode, producing a black to white soft edge effect. In order to produce
a much sharper result, a gradient mapused agairthe left side othe ramp is the edge, and the
right side is thecentre. Thisproducesa solid black edge.
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Figure26: Afresnelplugged into a sharp Gradient Ramp

Figure27: The outline Gradient Ramp (outlined for clgy).

Now it is necessary to combine this outline with tifuse shading. This is done usiliigear
interpolate (also referred to aferp). This node allows for the blending between two differkmp
inputs via aralphainput. Here, the sharpenefilesrel will be used as thalphainput, setting the
establisheddiffusenetwork as the seconkrp input.

Figure28: Applying colour to the outline usingerp.

The other inputtan be usedo colour the outline. Aonstan8 could be $ed to produce a solid

colour, but this style requires an outline that changes colour depending on the lighting. To do this, a
secondlambertbased gradient ramp (darker than the base colour) is used as théefipsthput. This
produces an outline whicbhanges colours depending on how the scene is lit.
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Figure29: (Left to Right) Bas&esnel fresneloutline, and final outlined surface.

7.2.3 Ambient occlusion.

This is the point where the first concession must be made.a&Moiftware renderers allow the user
to setambientocclusionon a surface ¥ surface basis, thisimpossible to do in seaktime
environment. Surface basanbient occlusionrequires too muchmemory in order to be suitable in
reaktime 3D. Instead, UDHtilisesScreen Space Ambient Occlus{S8SAQ a postprocess shader
which produces a rough calculation based on the saarenals Not only does this tend to produce
a slightly noticeable halo around most objects, but it is also not possible to chamgeltur of the
ambientocclusiornon a surfae by surface basifue to this, theambientocclusionshadercannot be
utilised in the intended way for this style, and as such it is necessary to fake theiestecid

The optimum and most common way to &s&mbientocclusionis through the use of textures. This

is typically done through the generation of ambientocclusiormap. Depending on the type of

model, this can be done either by bakiagnbientocclusionshadows into a texture via a 3D suite

such as8DS Max (better for more detailed objects), or by hand painting them (better frmhm

simpler or stylised objects). After that, this map can be utilised either on its own (as part of a shader),
or combined with thadiffuse map into one texture (saving meary).

In this case, thambientocclusiorhas been combined with thdiffusetexture, producing the
necessary effect while being mindful of system memory.

Figure30: A closeup of the face texture, withsimple handpainted ambient occlusion
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7.24 Specular.

As previously establishad section7.1.4, the only noticeablapeculathighlights in the source image
arethe highlights on hehair, a representation adinisotropicspecular While UDK does support the
use ofanisotropichighlights, they are included only in the form of a hardcoded lighting mode. As
such, the built iranisotropicspecularcannot be used along with theustom lighting modéhat is
currently used, and must be manually rebuilt.

Figure31: Completeanisotropicspecularshader network.

The above node networis based on thénisotropic Highlight Shader A 0} %o C K[, & ~T1iiieU
originally for use with thé&Jnity engine. Using the original code as a reference ahisotropic

speculareffect has been recreated within UDK, a feat made possible by both tools utilising the same
technical language.

For example, the below piece of code:
fixed3 h = normalize(normalize(lightDir) + normalize(viewDir));

v <]JoC Alep o]l  A]3d editor hsshovénidHigure 32

Figure32: The 'fixed3 H' shader network.
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7.2.5 Specular Issues.

Some issues were encounteradthin this proceshiowever, as therare some segments in the code
that do not have UDK equivalentnd as such had to vebuilt from the ground upBoth of these
cases can beiewedin the below line of code:

float aniso = max(0, sin(radians((HdotA + _AnisoOffset) * 180)));

7.2.5a Radians.

The first was the radians method, used to convert degretsriadians (an alternative way to
measure angles). Wk traditional codindghas a radians method built in, UDK does not have a
radians function within the material editor. Instead, the degrees must be manually converted into
radians using the formul&nge in radians = angle in degrees * Pi/180~ v v U 7iiTeX

As UDK also does not have a built in Pi function in the material editonsiantwith the value
3.141592653589793®as used in its plac€ig 33]

Figure33: The radans shader network

7.25b Max.

The second method is the max method, used to compare two values and output the largest. In its
place, arif node was used instead. Aimode has five inputsnput A input B if A > Bif A = B andif

A < BTheif nodewasset up to usaénput Ain any case wherAis greater tharB, andinput Bin any
case wheré\is smaller tharB. Input Bis a sine pattern generated from the previously computed
radians. This sine pattern ensures a smooth blend between 1 (brightekt) é&harlest), but can also
go past 0 into the negatives, thereby creating an unwanted busy patternif imthod (used in

place of the max method) is a nalestructive way of ensuring the pattern does not dip below 0.
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Figure34: The max shader network.

With these changes in place, it is then a simple matter of altering some of the values (gloss,
sharpness, strength, direction, and offset) to the necessary settings.

Once theanisotropicspecularis created and ready for use gbes through two separate processes.
The first process islaear interpolate The firsterp input is set to thadiffuseshading, and the
seconderp input is set to a light purple. This produces a puggecularthat smoothly blends into
the base textue. [fig 36, upper right]

Figure35: Incorporating theanisotropicspecularto the rest of the shader network.

The second process is gradient ramp. This produces a thin, sharp, white highijgit. lower lefi]
These two proesses are then added together to createamsotropicspeculareffect which, much
like in the source material, has a sharp white highlight followed by a light purple haze.
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Figure36: (Upper Left to Lower Right) The baaeisotropic specular the purple haze process, the sharp white process,
the final anisotropicspeculareffect.

7.2.6 Masking.

As the style requires the use of different coloured outlines and shading on different parts of the
model (including thanisotropicspecular whichshouldonly be usedon the hair), it is necessary to
isolate differentshadersettings to different sections of the model via a mask.
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Figure37: Individual masks in use.

This is done by drawing separate maskssfaech section of the model within Photoshop. This is

made easier by having each section separate on the UV map, though on more complex models (such
as a full figure) the mask will need to be more detailed. These two shapes (hair and clothing, the skin
is asumed as the default) are then exported as masks to be used in the shader. This is done through
the use oflinear interpolateagain, with the necessary mask being linked todlphanode.

Figure38: (Left) Outlines and highligls before masking.
(Right) Outlines and highlights after masking.
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7.2.7 Shadows.

Up to this point, within the preview window of the material editor, the shadppearsto work fine.
When tested in a true environment however, there is a noticeable issuearning the shadows in
the scene, as can be observed beldw 39].

Figure39: Default shadowing.

Anyshadows cast by a light source are rendered black, despite the application of the gradient ramp.
The reason for this involgahe specific way UDK works.

When applyingliffusebased gradient ramps in 3D packages such as 3DS Maiifftiseincludes all
lighting information,ncludingboth the lambert/ phond etc and any shadows that are cast by light
sources. Manyeaktime engnes on the other hand, including UDK, treat both the

lambert phond etc and the shadows as two separate processes. Because of this, shadows are
uniform by default, with one light casting the same colour of shadow across the entire scene within
its radius.

Thefirst instinct typically iso open the environment settings and boost teavironment
colour/intensityvalues (powered biightmas$ in order to remove the black shadow&hile this
does generally brighten the shadows in the scene, any crevices gtéime will still produce
noticeably black shadows, mimicking the wagdbws appear in the real world.
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Figure40: Boosting the environment values doesn't have the desired effect. Note how crevices (such as the neck area)
still fade to black.

Thereis a workaround for this issubowever, a workaround which requires a good understanding
of how both the lighting system and the shader system work within UDK.

First and foremost, UDK contains various types of light sources, suchtdigls{s directional lights,

and skylights. A spot light is a light source with a limited radius of effect, and is typically used for
things such as lamps, candles, and other stationary objects which cast light. Directional lights have
no radius of effegtinstead casting an even amount of light across the entire scene. Directional lights
are most commonly used for natural lighting such as sunlight. A skylight is a hemispherical light
source which casts an even amount of light from both the upper and lbesispheres separately.

This light does not cast shadows, though it can add colour to existing shadows, and as such can be
considered an ambient light. Originally this was used to add atmospherically appropriate ambient
lighting to older Unreal Engine gezts, but the addition olight masshas lead most to consider it
redundant in this area. It is now included within UDK predominantly for backwards compatibility
with older files.In spite of this howevemany UDK usestill find the skylight to beisetul for a

variety of situations, including improving the lighting on animated assets. In this case, the skylight
can be used to boost thierightness/colourof shadows to the point where there is no longer any

black, not even in the crevices of the scengingj it a much more vibrant toon look.
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Figure4l: A Kylight allows for the uniform boosting and colouring of the environment.
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While in some cases it is typically considered good practise for shading tones to be consistent (for
example, red hues for warm scenes, and blue hues for cold scenes), and as such shadows of a single
colour would not be an issuegifthis particular stie, it is necessary for the shadow colour to change
depending on the surface. For example, the yellow clothing should not utilise the same pink shading
the skin uses, and should instead use a darker shade of yellow to match the source material.

This problen can be solved with theustom lightingdiffuse parameter, not to be confused with the
custom lightingparameter. Although theustom lightingparameter affects how the objects looks in

flat lighting, it is thecustom lightingdiffusewhich affects how te mesh looks in shadow. Leaving

this parameter blank would produce pure black shadows, whereas plugging the same node into both
parameters (common practise when using thestomlighting modég would provide dark shadows

with consistent textures. It is algmwssible to add colour to these shadows by plugging a bright
colourinto this parameter, bwever, this would only provide subtle colour to the shadow, not boost
the brightness of it.

Theshadowissue can be solved by combining both methods
together. Byusing light shades of grey in the skylight, the
brightness of the shadows can be boosted without adding colour.
With the custom lightingdiffuse, the colour of the shadows can be
Figure42: A new texture s used to customised while providing minimal boost to the brightness. This
apply multi-coloured shadows to the ~ allows for he customisation of any dynamic or baked shadows

surface. within the surface shader, giving the user the utmost control over
the final look. Additional control over the colours of the shadows over different parts of the surface
v A18Z 32 pe ¥ YA ASESUE U AZ] Z ]» 8Z v upos]%o] }A E

shader setup for consistenciyig 42]
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Figure43: The final result.

7.2.8 Normal m apping .

At this point, the shading looks fairly close to the source matdriai in sone areas (particularly the
hair and clothing) the surface looks too flat. This is solved with the usaarhaal map In this
particular case, two methods were used to generate tioemal map

The haimormal mapwas generated within Adobe Photoshop. Asizeheight map was created from

a series of layered vectors and paint strokes, and then converted into a normal map with the NVidia
normal magfilter. These vectors were then4#sed as part of thelphamap, ensuring consistency
between the two.

The clotling normal mapwas generated within Mudbox, using digital sculpting methods to sculpt
the necessary wrinkles into the clothing. The result was then baked indoraal map

The two maps were then combined together into ar@mal map Subsequent edits wemade
within Photoshop to make the effect stronger where necessary.

Figure44: The normal map.
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7.2.9 Optimisation .

At this point, a close approximation of the style has been successfully achigviedtunately

though thesh @& 3§ §Z]e %}]vd Z » P}v }A & h <[+ Ju%e}e i1 8 ESuE o]u]
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important to look over the completed shader and find ways to optimigetexture usage.

Figure45: The texture samples error message.

7.2.9a Optimising m asks.

Firstly, the masks that are being used to separate the shading used on the skin, hair, and clothing
should be optimised. Currently twseparatetextures are being used; one for the hair, and one for

the clothing.Fortunatelythese can easily be combined into one texture through the use of the RGBA
channels.
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whole image, or any of the separate Red, Green, Blue, and Alpha channels. The most common use

for this is to combine theliffuse/ alphainto one texture, but it is also possible to store separate

image information in each of the separate chaim

dZ]e A « A EC Ju%}ES v Jv $ZTex@re 3]}v }( §Z K
VA]JE}vu v3_ C d}€EeriErmedt that dses only one
256 x 512 textureAnonymousn.d). The texture included
different details on each channel, including patterns, masks,
numbers, logos,among other detailsA complex shader structure
Figure46: The "OneTexture was then used to take advantage of these channels, thus creating
Environment”. Anonymousn.d.) ahighlydetailed scene with only one texturéiig 46|

To utilise this technigue in the optimisation of this shader, the afonetio@ed two textures should

be copied and pasted into the separate Red and Green channels of a new, blank texture (red for the
hair, green for the clothing). When placed in UBi€,R and G channels of this singggture can

now be used as separate mas&ptimising two textures into only one.

Figure47: The optimised masks.

This is a fairly small optimisation, but an important one nonetheless, particularly with more
complicated scenes and multiple characters.
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7.2.9b Optimising gradient r amps.

The most texture heavy section of the shader comes from the variety of gradient ramps used in
order to achieve the toon shading effect, particularly in providing different coloured light based
ramps to each part of the model.

When it is cosidered however that every light based ramp follows the exact same pattern (a
smooth transition between two colours, all with the same strength), it becomes clear that these
multiple textures are unnecessary, and that the effect can easily be produckdwingle mask.

As each ramp only consists of two colours, each existing ramp can easily be recreated with the use of
alinear interpolate Linear interpolate has three inputscolour 1, colour 2 and analpha By using a

black and white gradient as thapha, the user can then inpuhe colours they neeéhto the other

two inputs aconstanB8s(RGB).

Here is a comparison of a coloured gradient ramp verdggar interpolateramp.

Figure48: (Left) Unoptimised ramps requiringseparate textures.

(Right) Optimised ramps utilisintgrps, requiring only one texture.
Although it utiliss more nodes, it does provide the useith two additional benefits. The first is that
the colours can now be easily accessed and altered withimidwerial editor without the use of an
external program, and without needing to-maport the gradient ramp whenever a change is made
to its colour. Another benefit is that this method can be easily and efficiently reused for every light
based gradient rammin the material, changing the input colours each time to match the different
surfaces.

All of these subsequetrihear interpolates share the samalphg the black and white gradient ramp.
As such, what previously consisted of six separate texture mapadwa been successfully optimised
into only one texture map.
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The entire shader now only features three gradient ramps; the light based ramp, the sharp outline
mask, and the shargnisotropicmask. All of these argreyscaleWith this observation in mindt is

clear that all three of these textures can now be combined into only one texture, utilising the
aforementioned method of using the separate RGB channels of an i(eagion 7.8.1)These three
textures have now been successfully optimised into amlg texture map.

Figure49: The texture samples are now below the limit.

Theoptimisation has been a success. While the shader was previously two textures over the Texture
Samples limit, the shader is now four texturesderthe Texture Samples limit.

7.2.10 Final result.
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Figure50: (Top to bottom) Four angles of the final result.

63| Page



Figure51: The complete shader network for the Visual Novel style shader.

7.3.0 Experime nt #2: Conclusion.

In section 6.2.0, it walsypothesised that theheory of the default bias was true, and that it would
manifest itself in the Unreal Development Kit in some way. This has been proven true, the evidence
of which is described in detail b&lo The other part of the hypothesis, however, was that the

default biaswould make itself knownly duringthe later, more complex experiment3 his has

been proven wrong, however, as the default bias has instead made itself known multipleasmes
earlyasthe first experiment.
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7.2.7). As noted irsection 7.2.1UDK comes with a series of built in shader methods that allow users
to quickly and easily eate content suitable for photorealism, including phong, anisotropic, and
subsurface scatter methodShouldthe artistwish to break away from photorealism however, these
will prove to be useless. Other 3D packages (such as 3DS Max) will give you epsriasach pre

made rendering methodsllowing the artisto combine and alter these methods to create

something newln UDK, however, these methods are hardcoded into the en{pneingthe userto
literally recreate these methods from scratch using tbustom Lighting parametérhis makes the
creation of nonphotorealistic shaders more complex than their photorealistic counterparts

The default bias ther¥%o GE } A ] e }v } 8 o0 SligiEpd3As hotefldrsection 7.2.7
the UDKlight masssystem was created to mimic the way light and shadowing works in the real
world, providing a direct benefit to photorealistic projects while proving to be a hindrance to this
non-photorealistic project. This creates an odd situation whesavoluted workaounds are

required in order to make the scene lootore simplistic

To reiterate the hypothesis wasechnicallyincorrect although the default bias does exist, it
appeared much earlier than anticipated. Furthermore, these particular examples of theltdaits

are ingrained in two of the most common steps in creating a shader; the shading, and the lighting.
With this in mind it is safe to assume that these will become recurring obstacles in the subsequent
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two experiments. Fortunately, the previously dexd workarounds can be utilised again in these
scenarios

As the default bias has now been proven to exist in UDK, all there is to do now is continue these
experiments to see if the default bias manifests itself in any additional ways.

8.0.0 Experiment #3: Mangastyle.
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to describe a style of comic book that either comes from an Asian territory (such as Japan) or is

heavily inspired by traditional Japanese cosniVisually manga shares a lot of similarities with the

anime styleused in the previous experiment (section 7.0.0). While manga artwork may appear to be

a very simple and easy to replicate style (especially when considering its lack of colour), there are

various elements of the style that make it more difficult to accurately replicate than a typical toon

image, especially in the case of réiahe 3D.

In order to accurately and faithfully reproduce this style, a deeper understanding (and appreciation)
of the art style is required.

8.1.0 A brief history of manga.
Althoughmangapotentially has historic roots in scrolls telling
stories using sequential images, the modern fornmainga
originated during the late ™century, and is the culmination of
various western influences.

In fact, mangat that is, comicst might never have come
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soundly disrupted by the influx of Western cartoons,

caricatures, newspaper strips and comics. To deny this is to

rewrite history. (Gravett, 2004, p.18)

These influences first took form in Japanese sifiglme political

cartoons, which were originally met with unease due to making

critical comments about important people or events had been

previously forbidden. It soorrgw in popularity, with artists like
Figure52: The front cover for Astro Honda Kinkichiro taking this western influence and injecting it with
Boy. (Tezuka, 1952) Japanese pogulture and references.

Soon, the concept of mulpanel comic strips started to overtake single panel comics in popularity in

the form d newspaper strips. These were limited both in scope and content, as they tended to be
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became familiar with the concept of weekly and daily serialgiqdarly those produced by Disney.

It was the large, expressive eyes and the simplistic art of Disney that inspired influential mangaka
(Japaneseomic artists) like Osamu Tezuka, the creatachadracters such a&stro Boyfig 52]and
Kimba the Whitebn ~3Z o 388 €& }( AZ] Zz ]JvP 8Z Jve%helignKing Z]v ]Jev C[e
bringingthe inspirationfull circle).
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whereas other nations did not. Without Dr.Tezuka, guestwar explosion in comics in Japan
would have been inconceivable. (Asahi, n.d cited in Gravett, 2004,p.24)

Tezuka helped shape the way modern manga is made in many ways. In terms of writing, he proved
that comics could be emotional, and the Disneyuefice in his art helped shape the designs of

many modern manga characters (most notably the use of large eyes). There is, however, one other
common element to the manga style that grew predominantly out of convenience.

8.2.0 Screentoning.

Just like the wstern comics that influenced them at the tinmraangawas originally printed only in

pure black and white, due to colour printing being inaccessible. As such, many comic artists relied
heavily on methods like cro$etching or stippling in order to makedr art more detailed, a

process that was very time consuming.
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to their art, while simultaneously giving birth to two very different styles of printing.

Although the CMYK (Cyan, Magenta, Yellow, Black) method of printing had been around since the
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starting the Golden Age of Comic Books. During this era, Americansatitised CMYK printing in

order to provide detail to their comics that had never been seen before, providing much more visual
clarity to their characters and world$his method of prining, however,alsohad some flawsthe

main flaw being the price.l&x Woolfson, writer and publisher for OEL (Original English Language)

manga studio Yaoi911, explains the expense of colour printing in more detail.
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paying an artist to color your book, of coursev}s S@E]A] oX pud % ES] po EoCU ]8
costs that add up fast. Paper for a blaokd-white book runs through the press onteget

that black inkv paper for a color book runs through 4 times to get each color for the CMYK

inks. You get charged for that, and the extra ink, and the extraig&bstsv as you can

imagine, it adds up fast. (Woolfson, 2006)

It is for this reasomhat the Japanese decided to forgo colour printing as their primary method,
instead adopting a different technique of adding visual detail to their comics; screentoning

Screentming is a method of applying texture and shades to an image using onlyi#tadle
process of screentoning involved the use of transfer sheets witlsdheentonepatterns printed on
them. These would be laid over the artwork in question, cut to size, and rubbed into tlee. Hape
Society for the Study of Manga Techniques (9SROD3, pb3-54)

Screentoning is an evolved form of créegching and stippling; it allowed comic artists to add
additional depth and detail to their art much faster, and due to the process still utilising black and
white printing it was also much most effective (providing financial leeway for longer stories and
more detailed art). Ascreentmes also came in the form of praeade patterns such as lace, petals,
tartan, feathers, explosions, clouds, water, etc, comics that utilised screentoning geralde to
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appear much more detailed than before, with artists no longer needing to painstakingly draw
complexpatterns.(SSMT, 2003, pp.33b)

To summarise, while the west embraced this new method of colour printing in most published
comics regardless abme of its flaws, Japan decided to take the methibdsas already
experienced withtand find a way to improve it.

The two methods share one similarity, in that they have since become iconic styles. Many look back
fondly at the western comics of the Golidége, even going as far as to artificially recreate the flaws

of the colour printing process at the time (such as the off centre sheets) in order to recreate the

Z+35Co [ ( 18Z(pooCX >]1 Al* U : % v[s pe }( » E vS}vhemadga o-} tu
style, and is frequently the subject of mimicry amanfgss of the medium. blike the Golden Age

style of colour printindiowever, screentoning is still used in mastingatoday, possibly due to a

combination of both its iconic style, as welliabeing costefficient.

8.2.1 How screentoning w ork s.

Screentoning is a very simple process that relies on an optical illi&ioeentonesheets consist of a
very small patterrof shapesWhen viewed from far away, the black and white pattern appéars
form a shade of grey. Thissbenilar to theprocess used by computer monitors and screens, using
dots of RGB (red, green, and blue) that, when viewed far away, form different colours and
subsequently images.

Different patterns will form different shadeof grey, depending on how much white and black space
remains in the ptaern. To illustrate thigoint, the below examplegig 53| show the dot pattern

most frequently usedn manga On the left is a pattern consisting of a series of small dots spaced fa
apart. In this pattern, there is more white space than black, thus producing a light shade of grey. On
the right is a pattern consisting of a series of larger dots placed closer todéahtee point where

they merge) In this pattern, there is less wihispace than black, thus producing a much darker

shade of grey.

Figure53: (Left) A light greyscreentae, both closeup and from afar.
(Right) A dark gregcreentae, both closeup and from afar.

This process applies to patterof any shape, such as lines, crbatching, etc. Although the dot
pattern is the most common, moghangaartists will use various alternate patterns, particularly to
differentiate between surfaces such as cloth, hair, wood, metal, etc. This is beaausejsible

from the above examples, the shade of grey does not appear flat; rather it\Wiaibketexture to it.
Although this is technically a flaw in the process, it has in itself become iconic with the style, with
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artists taking advantage of it order to add additional detail to their images (for example, a cross
hatching pattern could be good for woven fabric, whereas a more cloudy texture would work well
for distressed leatheguedsd.

While these tones were traditionally applied manually witk tise of wax paper, today these tones
can easily be applied digitally in any art program. It is even possible to generate these patterns
Cv u] o0oCX t]8Z §Z]s ]Jv u]lv U ]88 «Z}po v[S§ ](répHioss 8} E & S S§Z]
environment. Similarlyo the last experiment, where lighting information was used to generate a
dynamic ceshaded effect, the lighting information must be used this time to generate this
screentane pattern.

8.3.0 Dissecting the style.

8.3.1 Shading / Diffuse.

In Moe(cute) manga shading tends to be very simplistic. The faces have very little in the way of
shading to them, with shading usually done purely in areas such as the nose and jawline. Shading
only ever appears at extreme angles, and is usually done for dramggat.efhis tends to make

most surfacesappearflat. The shading also tends to be very light, which helps to make the shading
look softer.

The ©iadows, however, armmuchmore detailed. If a character has
a long fringe, the hawvill cast detailed shadowsnto the
forehead.[fig 54] The same goes to other areas of the figure; the
chin casting a shadow onto the neck, loose sleeves casting
shadows onto the arms, etc. As for the colour, all shading is done
in one tone; the shading does not get darker in ardwss tvould

Figure54: Manga characters tend to  r€alistically receive less illumination.

have flat shading, but detailed
shadows. (Yagami, 2002a) From this, it can be deduced that theembert shading must be

subtle at the most, if not completely removed. It may be necessary to remolserdiert shading
and torely only on dynamic shadows:urthernore, it can also be deduced that ambient
occlusiormap is unnecessary
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8.3.2 Outlines.

Theoutlines inmangatend to beof an even width Unlike the
previous style which used very expressive outlines that varied in
width, mangaoutlines tend to bemuchmore simplistic. This is
possibly to make shapes easier to distinguish from each other in
the absence of colour.

They may also have a noisy appeararuaeised mogy by the
texture of the paperDepending on the artist, thenmay alsdoe a
few seleced areas that have thickdines than the restThis can

be either due to a stylistic choice, or due to human error , ,
Figure55: Outlines are

. . . predominantly even, but may
The best method to recreate these outlines will be to combwe . oo\ oy siighily in thickness

outline methods{fresnelbased outlines, and pogirocess outlines. (Yagami, 2002b)

The wst-process outlines would generate evandth outlines across an entire scewia sobel edge
detection which isnecessaryo help clearlydistinguish between object3.hefresneloutlines would
be used to add extra emphagis some of the curves in thaugace, emulating the variations caused
by human error.

8.3.3 Hair Highlights / Anisotropic s pecular.

Not dissimilar to thesource image used for théisual Novestyle
shader mostmangacharacters have a sharp, horizontal white
stripe across areas ¢hhair.[fig 56] As noted before isection
6.1.4 this is directly based of how ha&acts to bright lightn the
real world, and is represented in renderingassotropicspecular

In traditionalmanga this effect was created in one of two ways;

by seatching away any tone applied to the hair, or by applying

white ink onto the shaded area (typically pure black hair). This

tends to result in the shine being sharp and thin. In this case, thiiguress: Manga hair highlights.
previously builanisotropicspeculamodule can be reused and  (Inui, 2001)

reapplied on top of the new shader.
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8.3.4 Textures.

There is oneoteworthy practice that appears imany examplesf manga and this is the use of flat

gradients. This effeds most commonly used on hain such cases, darkbaired characters may
have a vertical gradient applied to the hair as opposed to just a
flat tone. [fig 57] There are three possible reasons for this. It could
either bea part of its style, an efficientay to apply some
simplistic shading, or a way of emulaBn %o & * s peindg } }
darker orlighter than the tips of their hair (such as if they dyed or
bleached their hair).

To emulate this, a gradient effect needs to be applied in such a
A CS8Z 58158 } ov[8 AE % E}uv 3Z } i S ]vi %
_ , _appearing completely ftao the screen. Furthermore, the
Figure57: The gradient helps provids . . . .
simplistic shading for dark hair. gradient effect needs to be restricted to only the hair section, and

(Yagami, 2002c) not affect any other part of the model.

8.4.0 Replicating the style in UDK.

8.4.1 Screentone effect.

As the shader relies heavily on this effect idar to work, this effect should be made first, with all
other parts of the shader being catered to work with this effect afterwaltds. necessary to devise
a shader networkhat can take a preletermined pattern(such as a dot patterrgnd dynamically
alter it based orthe value (brightness) of the surface

8.4.1a Faking the effect.

It is possible for this effect tbe fakedthrough the use ofultiple tiling textures, each having a pre
created pattern for each required shade. These textures coulappdied straight onto the surface
using the shadows as a mas#though this may appear to be a simple solution, there are numerous
flaws with this method that make it impractical for larger projects

The first and most obvious issue is the use of textutdthoughthis methodwould workwith no
issues on untexturedsurfaces applying a texture onta surface using this method would result in a
style dissonance; the shadows woulddmeentaed, but textured details would not. This becomes
particularly prdolematic in areas such as the eyes, face, and clothes of a character, as well as any
other surface that requires textures for additional detaii¢h adoliage, ground, sky, particle effects,
etc). Getting textures to work with preiadescreentoes wouldrequire additional texture masks

for light, medium, and dark sections of the texture.

Then there is the issue of the patterns themselves. Assuming the user is orgyousi pattern, a
dot pattern, they would require at least five versions of the dot pattétwo light, one medium, and
two dark). Using additional patterns, a practise which is commamnainga will require additional
textures.

It is apparent thatttempting to fake thescreentme effect would not only bémpractical but would
alsobe impos#ble to produce in UDK due to the large amount of textures needsdbserved in
section 7.8.0UDK has a limit on how many texturean be usedh one shaderBy dynamically
generating the effecas opposed to faking,ithe amount of required textures icut down by a large
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amount. Thiswould also allow for changesade §} spE&( [« § A Stoe qpi@k and } uE
efficient, as the effect will dynamically adjust to such changes.

8.4.1b Creating the dynamic screentone.

In order to develop a dynamscreentme effect, the shader will need to bable to compare the
base pattern with the colour of the surface, altering the look of the pattapending on the result
The optimum way to d¢hisis through the use of a gradient map.

Figure 5§left) showsa tiling gradient map that goes from white to black. The white areas represent
the brightest point of the surface, and the black areas represent the darkest. This texture essentially
contains every dot pattern possible for each shade of grey.

How it works is that the shader will compare this gradient map to the surface colour at a particular
point. For example, say the surface is a medium grey. The shader will compare that shade to the
gradient map, and find all of the pixels that match that particulaxdghof grey.

Figure58: (Left to Right) Gradient mapnitial comparison result, final comparison result.

Asshown in fgure 58(middle), thiscomparison results in a circle of pixels that match the same
shade of grey. TheshadE v ep ¢ <p v80C (Joo §Z] ]J]CE o Jv C ]Jv op JvP Vv(C§s
current shade (keeping in mind white is 1, didck is 0).

Asshownin figure 58(right), this forms a complete dot. The shader can then colour this dot black,

and apply it a a pattern. As the shader continues along the surface, additional comparisons are
made based on the frequency of the pattern. If the surface is a darker shade of grey, the comparison
will find areas of the gradient map that match that particular shadanfog a larger dot. Lighter

shades will produce smaller dots. Subsequently, white will produce no dots at all, and black will
cause the entire area to be filled in black.

The final result, when applied as a flat pattern across the surface, will be thadyfamic
screentae.

8.4.1c Flat pattern .

Unlike a traditional texture, acreentme should not conform to the shape of the surface. It should

instead be completely flat, as if a sheetsafeentme paper has been applied to the screen. To do

this, thescreenpositionnode is used. This node outputs the scregace position of every pixel on

§Z ¢« E vX C ( nO3 3Z]* }u3%use SZE A op eV Z ]PZ3U Al 8ZU v
this effect, acomponent masks used to isolate the R and @lwes, outputting only the width and
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height. Plugging this into a texture through the UV slot would produce a texture that appears flat to
the screen, not conforming to the mesh.

In order to make it tile, the width and height should be multiplied by a nucaévalue. Preferably
the user should be able to set the amount of tiling for the width and height separately for more
control. To do this, tw@onstans are usedpne forhorizontaltiling, andone for verticaliling. These
constans are then appendedogether to form aconstan®.

Figure59: Thescreentae texture using the flat tiling method.

This idonedue to the way mathss appliedn UDK. For example, iftanstanB (2,2,2) is multiplied
by a singleonstant(2), each sparate value in theonstanB is multiplied by that singleonstant
(resulting in4,4,4). Ifthat sameconstanB (2,2,2) were multiplied by anothegconstanB (1,2,3)
however, each value is treated as a separate equation (resultiRgdir).

The same apj@s toconstan®s When the R and G values were previously isolated fronsdieen
positionnode, what was originally eonstan8 (R,G,B) was converted intcanstan® (R,G).

Multiplying this by anotheconstan®, such as the previously appendednstans, would result in

each value being treated as a separate equation. This allows the user to easily alter the tiling amount
of the screentme patternwhen necessary

This turned out to beecessaryas the texture becomes stretched horizontally on a widesar
aspect ratio, requiring the user to set the horizontal (x) tilingldoiblethe vertical (y) tiling.
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Figure60: Thescreentme texture applied onto a mesh.

8.4.1d Applying the screentone.

Asestablished in section 9.1,.the screentae shader needs to be able to compare the colour of the
surface to the pixels of the gradient map, outputting any result which is equaidgreater than

the current shade of grey. The best choice for this would befthede, which comparesao inputs
and provides different outputs depending on the result. As noted in the last experifsection
7.4.1b) theif note has three possible solutions; if input A is equal to inpu& B B, if input A is
greater than input BA > B, and if input As smaller than input BA(< B.

Thereisan issue however; thi node only allowsonstansto be compared, whereas thdiffuse

texture and thescreentae patternare constan8s. Being texturs, they containRBG colour

information, even thouglthey only usea greyscale palette. When all three RGB values are the same,
it produces a shade of grey

This problem is easy to fix however, by usimmpaponent maskAcomponent maskan take any
constantwith more than one value, and masgecificvalues. For eample, running an RGB texture
(aconstanB) through acomponent maskvill add the capability to individually mask one or more of
the RGB values. Thismponent maskvas previously used to isolate the R and G values of the
screen positiomodein section 91.3, converting a&onstanB (RGB) into aonstan? (RG).

In this case, theomponent maskan be usedo convert aconstanB into a singleconstant Asthe
RGB values of thgreyscaldexture are the samgthe individuaR, G, and B components will also
look the exact same when separatéibs suchthe component maslkan be used to isolate one value
(R) from the greyscale texture, converting it into a sirm@estantthat can be used with thé& node,
without affecting the appearance of the texture. Thiglane for both thediffusetexture and the
screentme pattern Both of these values can now be utilised in theode.
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Figure61: Applying thescreentme effect to the diffuse texture.

With thediffuseas input B, and thecreenbne pattern as input A, two additionatonstant are

needed; one that is pure black (0), and one that is pure whiteTfig.former is used to provide the

colour of thescreentme pattern, while the latter is used to provide the colour of the base (or the

Z% %IhERlediconstant]s $Z v %0ouPP [vAB }F%IB 245Z]e & A+ §Z ]Jv]s] o
v SZASB_ Jv% S ~5Z]e (Jooe v 3@nstdrE] «0 32X vd o OAPIE A<BrS}vS6dp I

(the paper colour). This produces a fully work&egeentane shader.

Figure62: The initialscreentme effect.

8.4.1e Texture compression.

Although thescreentme shader works, there are two issues with the effect. The first and most
obvious is thenoticeabletiling effect ofthe screentae (also known as a moiré effecthe second

being the high contrast of the effect. Fortunately, both can be solved through the use of the texture
compression settings for both ttdiffusetexture and thescreentane pattern texture through tke

Texture Properties

Texture compression settings are very important, as the correct compression settings can help
reduce the rendering cost of each texture without sacrificing quality. These settings can also ensure
that each texture behaves correctly éertain situations.

Firstly, thescreentov & ASUE [+ » §3]vPe AJoo Z vP Jv.Wkhin@BeS} (]4&£ S$SZ
Texture Propertiesthere are optims specific for tiling texturesuch afPreserve BordefR, G, B, or

A). Using one of these wiltomatically improve the appearance of the tiling effect on most

surfaces, but not all.
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Figure63: (Left) The Preserve Border options. (Right) The Mip Gen Settings

Right at the bottom of the list are thilip GenSettings Mipmapsare pregenerated, optimised

versions of a texture, used in order to determine how a texture looks at smaller sizes. These are very
important in video gamess textured objects are often viewdmbm both a short distance and from

afar. UDK however Isethe ability to automatically generate these mipmaps through a variety of
different settings, such as blur and sharpen. In this dake? provides the best resulit blurs out

the edges of the tiledcreentme pattern, reducing the appearance of thdinig. Higher settings end

up blurring the texture too much, obliterating most details. Blurring sheeentae patterns also has

the unintended side effect of reducing the contrast of the effect, makinguithless harsh.

Figure64: The texture properties used on theiffuse texture.

It is at this point that another issue makes itself known; diftusetexture is too light, with most of

the details not being picked up by the shader. This could be fixed by altering the brigbtmessst

of the texture within an image editor, however this requires the user tomport the texture

multiple times until the right look is achieved, which can take a while depending on the size of the
texture and the speed of the machine. Fortunatgigugh, UDK has the ability to make such changes
directly within the engine, by editing thEexture PropertiesWithin these properties the user can

adjust both theBrightnessand theContrast(the latter being labelle@®rightness Curyequickly and
efficiently, with nearly instant results. In this case, simply settingBtightness Curvi® 3.5

~}E]P]v 00C i* % E}A] ¢ Vv}uPZ }VvSE 3 (}JE o00 }( 8Z 3§ ESuE [
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Figure65: (Left to RightEffects of the Peserve Border, Blur 2 Mip Gen, and Brightness Curve texture properties,
culminating in the finalscreentae effect.

Figure66: A closeup of the finascreentme effect.

Now that the screentone effect has been produced, it is possible to focus on the other aspects
of the shader.

8.4.2 Diffuse.

For the purpose of this shader, it has been decided thatahgbert (( $ ]Jev[S v ¢ EC (}E& §Z
shader. Instead, the shader shall reblely}v h <[+ «Z }A]JvP «Ce+3 uXows areusharpZ

by default, providing the cedhaded style needed for this effect. It should also be noted that unlike

the visualnovelstyle shader(section 7.0.Q)which required multicoloured soft shading, this effect is

much more simplistic in terms @blour usage. As suclambertshading is unnecessary

8.4.3 Shadows.

It is at this point that the same default bias obstacle freaction 7.2.1s encounteredagain

producing realistic shadows that are unsuitable for the stylerder to achieve theight kind of
shadows, the same techniques from tbection 7.2.&hould be used. The user should first start with
the combination of @ominant Directional Lighspecifically theMoveableversion, which has the
ability to cast sharp, dynamic shadows, egsary for detailed shadows on characters) amsiiydight.
Just like irsection 7.2.7the skylight is there to help even out the appearance of shadows, removing
the natural black gradient UOKightmassapplies in order to mimic real world lighting.
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Figure67: Shadow colour setup.

Figure68: Skylight settings.

The next step is to apply thecreentae effectto the shadows.
Similarly to section 7.2.7his is achieved with the use of the
custom ightingdiffuseinput, which directly affects the tint of
surface shadows. This is done by taking the irdiifiisetexture
and multiplying it by a singleonstant which gives the surface a
darker appearance. This is then fed through sisecentme
process agaircomponent mask> if), producing the effect of
screentaned shadowslUnfortunately, in doing this, two problems
are encountered.

The first, and most important, is the look of the shadows in the

final scene. Although the shadows are more even, they still retain
some of their initial colourifig 70, left] This produces a medium

shade of grey in areas where it shdile white, breaking the pure
black and white style of thecreentme effect. This problem is

easily fixed however by increasing the brightness ofsh€ 0] P ZS [«
upper and lower hemispheres to their full brightness. This has the
effect of bleachingoutth PE C & =« }( §Z «Z }A -~3Z
while leaving the black areas of the shadow (Sisecentane)

intact.

The reason for this is due to the shadow effect being multiplied over the scene. As the brightness of
the skylightis increased, the amount ofies the shadow is multiplied over the surface colour is also
increased. This will eventually lead to the surfacedming a stark white.lIBck howeverhas the
numerical value of 0. Anything multiplied by 0 will still remain 0. As such, anything thaeiblpck

(such as thescreentae effect) is left untouched by thekylightX dZ]e A}po v[s A}YEI A]§Z §Z

previous Visual Novel style shader, as the entire scene requires colour that would otherwise be
bleached outWithout the need to worry about colourhts obstacle becomes much easier to

overcome.

Figure69: Applying multiple shadow colours using a mask.
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The second problem rmuchsimplerto fix. Whereas the chosen shadow colour works well with the
skin, it appears too dark ahe clothing. To solve this, a texture mask is used to apply a much lighter
shadow colour to these sections, providing the user with more control over the final appealance.
69]

Figure70: (Left to Right) Initial shadowsh&dow consistency fixed, shadow colour fixed.

8.4.4 Specular.

Yet another recurring default bias obstacle from the previous experiment, this time the anisotropic
specular from section 7.2.&he anisotropic specular effect must be recreated from the guaup

8} Ju% ve 5 (}JE h <[+ }Av V]*}3E}%] -%odgdint@he(@ngite. |JvP Z &
Fortunately, the previous anisotropic specular network creategkeiction 7.2.4an be reused with

only minor alterationsBY altering the gloss and sharpngsgameters, the shader will produce the

thin highlight that is needed without the use of a gradient ramp.

Figure71: (Left) Anisotropicspecularsettings.
(Right) Finahnisotropicspeculareffect.

8.45 Normal m ap.
The same ormal map fromthe previous experimens being used to provide extra detail to the

Z E S E[* *Z ]JvPX /S «Z}po viS SZ}uPZ SZ 5 (}& SZ u}*S % ES
subtle due to the lack dambertshading (thus increasing the need the painted on wrinkles in the
clothing).Despite this the normahapis still important asit isimperative to theanisotropic
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speculareffect; it deformsthe highlight in such a way that it appears jagged, similar to mastga
characters of this type.

8.4.6 Gradient effect.

As discussed previously section 8.4.4somemangaartistsapplyflat gradients to their artwork,
usually as a way of applying some soft lighting quickly and efficiently (most commonly on detailed
surfaces like hair). For the mose of this experiment, this effect will be recreated for use on the

u} o[ Z JEX

First, a texture with a vertical gradient is needed, going from white (top) to black (bottom). Next, the
gradient should be applied as a flat texture, as it is part ofstitreentme effect. This is done using

the same methods used in the production of theareentme effect (section 9.1.3)masking the R and

G values of thecreenpositionnode. TZ P& ] vS (( $§ <Z}po sdéertde howdves Z
andassuch shald be supplied its own separak@rizontalandvertical tilingparameters tweaked in
order to ensure that the gradient covers the entire screen.

After that, this effect is applied to the surface by using &dd node, adding the gradient effect over

the texture (as the original hair texture is already quite dark, the gradient will be used to lighten the
top of the hair). This applies the gradient over the entire surface, which is fixed through the use of a
linear interpolatewith a texture mask, isolatintpe effect to the hair. All of this is added in directly
before thescreentme effect.

Figure72: Initial gradient shader network.

At this point, the gradient is applied drworks as it should.HE effect is too strontpowever, the top

is too bright, and it goes dark too quicklig 74, left] To fix this, anothelinear interpolateis added
before theadd node, using the vertical gradient in tladphainput. In inputsAandBare two
constanBs(RGB, required when usitigearinterpolate); one for the top of the gradient, and one

for the bottom of the gradient, both set to different shades of grey. This reduces the strength of the
effect.

There are two reasons why thi@ear interpolateis the best method to use in this situaii.

1. The firstis that it allows the user to quickly and easily alter the gradient effect within UDK, as
opposed to having to edit the gradient texture in an image edital #ren subsequently re
import it.

2. The secondks versatility. Should the userant to reuse this gradient effect on a different
surface, the effect will need to be made stronger or weaker depending on the surface.
Rather than using multiple different gradient textures, which would take up more space and
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memory, the shader can insteade just the one texture, with the user editing the
constanB8swhen needed.

Figure73: The final gradient shader network, utilisinigrp.

The final result is that of a flat gradient effect that is isolated to the l&ir.74,right] Since the
gradient is applied before thecreentme effect, the gradient is also accuratedgreentaned. Not

only is this good for simulating theangastyle, but the smooth gradient is also good for showing
the power of the dynamiscreentme effed.

Figure74: (Left to Right) The initial gradient effect, and the final gradient effect.
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8.4.7 Outlines.

Aspreviously observeh section 8.4.2the outlines irmangaare for the most part uniform, with
very little variane in width. They are also of a uniform colour; black. It is for this reason that the
shader will utilise bottiresnelbased outlines and pogirocess outlines. Thigesnelbased outlines
will provide tfe slight variance of width in areas such as the nasejaw line while the post
process outlines will provide the uniform width outlines needed for the majority of the figure (as
well as the surrounding scene).

Figure75: Fresnelshader network.

First, afresnelnode is pluggedto the UV input of a gradient

ramp, which outputs a sharp outline. This is then combined with
the rest of the shader to add some subtle, ink outlines towards the
edge of the shapelhe postprocess outlines are then

subsequently used in the scene itself.

The postprocess outlines are generated using a process called
sobel edge detectiorSobel edge detectiotypically works by

going through an image pixel by pixel, generating an image based
on any abrupt changes to hue, brightness, or saturation. When
applied on a photograph (say, as a filter in an image editing tool
such as Photoshop), this will not only draw outlines around
separate objects within an image, but also around shadows,
highlights, etc, as it relies solely on the colour information. WithitKlbwever, a scene depth pass
can be used to generate a much more accurate outline that only appears around the edges of a
mesh, and not around any shadows or textured details.

Figure76: Fresnel outline result.

The shader itself is impossible to reproduce, as the official documentatiandee by Epic omits
important information on how particular nodes are used. Fortunately, Epic have-aadesobel
edge detectiorshader available for download as part of theimreal Development Kit Gems
collection of tutorials and prenade resourcestended to help beginner UDK users produce their
own projects with easgAnonymous2011)Unfortunately though the sobel edge detectioshader
provided by Epic is far from perfect, suffering from some graphical glitches.
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Figure77: The initial sobel edge detection result.

The first issue can bebservedin the backgroundfig 77, A]. Surfaces further away from the camera
(especially flat surfaces) become entirely painted in black. Secondly, whereas mesh outlines appear
fine in front ofthe skybox, in front of other meshes the scendhe outlines appear twice as thics

if they have been drawn twice. This is especially noticeable on the thin strands of hair carmnafg o

§Z Z & § E[Fig%e}BCS ]o

Unfortunatelyth « (0 Ae E v[3 }u%o0 3 0oC pv A}] o U SZ}uPZ 3Z %o %o
reduced. The first issue happens due to theximum distancéeing too low. As the shader gets

closer and closer towards theaximum distanceit starts becoming less and lesgaiate, to the

point where details start to blend into each other, causing some areas (particularly flat areas) to
become shaded in blotches of black. This appearance can be reduced by altering the max and min
distances to be spread further apart. By seftthemaximum distancéo a larger value, details in

the distancess ES §} lu ulE § Jo X d@&veveleasfiie mnimih¥digtance

also needs to be altered into a smaller value (preferably a negative value), or else details closer to
the camera may become lost.

The second issue is also caused-depth, and takes place in two parts. When gwbel edge
detectiondetects a large difference in two pixels, it produces the outhflilethe shader is using

the zdepth of the entire scen¢o generate the outlines, it is only using thelepth as a standalone

image the sobel edge detectiodoes not take thectualdepth of an object into consideration. As

such, it produces pixels doth sidef the difference, inside and outside, as it dogsn ](( & vS] §
between eithersidesof an edge. This is similar to the issue that causes most objects to have a dark
halo around them when usingcreen Space Ambient Occlusian these areeattime shaders, they

are by nature significantly less accwe#ttan their prerendered counterparts
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Figure78: Sobel edge detection settings.

The second part of the problem lies in thepth exclusiorX ¢ 18 ]JeVv[S %o}e*] 0 8§} A& oug *%o
objects/surfaces from a pogirocess shader wiin UDK, the skybox/skydome is also affected by the
sobel edge detectionwhich can produce unsightly results. To stop this from happening, the shader
usesdepth exclusioro erase outlines that are a certain distance away from the camera (presumably
onlythe skybox) after they have been drawifrhis not only stops drawing outlines across the skybox,
but also includes any of the aforementioned outlines drawn on the outer side of any detected edges,
essentially removing half of the outline. This makes oefliappear thinner when in front of the

skybox, and thicker when in front of other objects. Unfortunately again, there is no way to
completely remove this problem, althougis appearance can be made less severe by increasing the
resolution XandresolutionYvalues (in this case, to 1920 and 1080 respectively, also known as 1080p
resolution), effectively making the outlines thinner. The issue is still noticeable, though not as much
as before!fig 79]

Figure79: Final sobel edgeetection effect.

83| Page



8.4.8 The sky.

To complete the look of the entire scene, thereentae effect has been ported into the stock

skybox shader. This was done by placing the previously estabsheghtae process after the

entire skybox shader processhit this does apply the dynanscreentae effect to the standard
dynamic cloudsthere are two issueghe sky looks too dark to be used in a daytiseeneand the

light blue horizon has been Idfitact. The latteris due to the horizon being a part thfe

environment settings, and as such is separate to the shader. This horizon can be disabled, but doing
so subsequently reveals the lower half of the skylrexealinghe fact that the sky effect is

vertically mirroredfig 82, top} Because of this, i§ necessary to somehow recreate the horizon

effect in shader form.

This was done using Object Orientation. This expression outpeitsowards direction of the object

in world space. Combined with a Vector Transform, this will provide a visual reprasardéthe X,

y, orz axisin world space, starting from the centre of the object and ending at the edge of the object.
When used along the axiused as the vertical axis within UDK), this creates a gradient that looks
not dissimilar to the horizon eftd. Aconstant clamps used to make this gradient appear slightly
harsher.[fig 80]

Figure80: Generating the horizon.

The finished Object Orientation gradient is then used asatpBain alinear interpolate Both of the
other inputsare constanBs, input A being the Horizon Brightness (pure white), and input B being
the Sky Brightness (dark grej)y 81] The result is then added over the existing sky shader,
producing a soft horizon while also dynamically brightening theatthe sky.

Figure81: Applying the horizon to the rest of the sky shader.
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The final result is an animated skybox that utilisessbeeentane effect without sacrificing the
horizon effect.

Figure82: (Top) The original sky shader.
(Bottom) Thescreentaed sky shader (with horizon).
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8.4.9 Final result.

Figure83: (Top to Bottom) Fouangles of the final result
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Figure84: The complete Bader network for themangastyle shader.

8.5.0 Experiment #3: Conclusion.

As expected, two of the already discovered obstacles caused by the default bias have made
themselves known again; tHigthtmassshadows gection 8.4.3, and the anisotropic speair
(section 8.4.4. Fortunately, as also expected, the previously established samknds insections
7.2.7and7.2.4could be reused with only minor alterations in order to suit the new art style.

While there was an additional obstacle in the form of $obel edge detection pogirocess effect
(section 8.4.7, this was not an obstacle caused by the default bias, but rather due tinthations
of the shader itself (similarly to the SSAO shader discussastiion 7.2.3.

Aside from tlose examplethere have been no additional obstacles encounteliedludingthose
caused by the default bias.
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9.0.0 Experiment #4 : Fable 2 concept art style.
This final experiment, while not in itself an iconic siteh agnanga is much more relevant to the

issuea Z vV E o0]e]vP §Z }v %S3pu 0 ESE]eS[c «5C0]*8] AJe]}v Jvs} i X

experiment in the sense that it is based on a-prsting game, specifically Fable 2 (mentioired
section 5.2.). Specificdy this experiment will usehie conceptart of the daracter Barnum as a
reference [fig 85]

Figure85: Official concept artwork for the Fable 2 character Barnum. (Lionhead Studios, n.d.)
9.1.0 Dissecting the style.

9.1.1 Shading & Tones / Diffuse.

The olour scheme for this stylean e (E] e Z ESZCI[V SZ }o}luE- pue (J&E
coloursand the shading are warm yet siaurated, with the only hint of vibrancy coming from the
secondary blue light source. Unlike the anime style, which isistensly bright even in shaded areas,

this style uses quite dark shading in areas that would realisticalijark. Ju]o €& S} u}eS ZS}}v]
shadershowever, black is never used.

As for the style of shading, from far awidne shading doeappear somewhat snath. There is no
noticeable sharpening as with most cartoon styles, instead opting for a much more even transition
from light to dark. Upon closer inspectioowever, these transitions were painted by hand in a
fashion that mimics traditional painting, wita noticeably cloudgppearance
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9.1.2 Tone variation and details / Ambient o cclusion .

As this character ismiwuchmore detailed and closer to a realistic human than an anime character, it is
as expectedhat the shading is detailed enough accommodateatvlppears to bambient
occlusion(shadowed areasaused by crevices). It should be noted though thatanly are these

areas represented by the use of darker colours, but theyaise represented by the use simplistic,
scribbled shading.

This is a p-productof how the concept art was produced. The original design was sketched out onto
paper in a very fluid style, getting all of the necessary details down without any of the shading (as
this would be added in later). Some details, such as the sunkeyeis and cheeks, are represented

by some faint sketched shadows to helmphasise thelepth of these areasThis sketch was then

taken into a digital painting program to be painted over, during which all of the colours and detailed
shading is added in.

Thissketchingappearspredominantlyin sunken in areasf the facesuch as the eyegheeks, and
ears These are areas that would be affected by a very stesngientocclusioreffect. There is also
some faint sketching across the rest of the figure, tHotliese sketches are more to do with the
texture of the surface as opposed to the shading of the surffmeexample, numerousketches
appear on the clothes and apron to emphasise how messy they are)

9.1.3 Highlights/ Specular.

The highlights in thisnage are nowhere near as bright or as vibrastwiththe previous examples;
they aremuchmore subtle, giving the impression of many of the materials (such as his goggles)
being made of a dull metal. His skin in particulsesspecularighlightssimilarly to how they

appear in the real worldthey are dim and small, giving the impression of greasy skin. This could be

accomplished with a simplghongspecular

9.1.4 Outlines.

The otlines in this image arsubtle. Rather than the thick, prominent oimés that typically appear

in regular toon images, the outlines are much softer, with the image relying mostly on the detailed
shading in order to differentiate between areas. The outlines really only appear in a few areas where
some details could get logt the lighting/shadowing, such as the mouth, nose, and ears. Any

outlines that do appear are dark, following the same warm colour scheme as the rest of the image,
and have a soft, frebanded look to them. This can be accomplished with afsedheleffect.

9.1.5 Papertexture/ Overlay.

The entire image appears to have a gengritngepattern laid over it, giving it an aged and

weathered appearance. Such methods are regularly used to easily apply an additional sense of detalil
over an otherwise finiskd image and can help to further emphasise the mood of the imagjpjng

to give the image more personality. As this is a generic flat texture laid over the image, the effect can
either be applied as a flat surface effect (similar to the gradient effeetiin themangastyle

shaderin section8.4.6), or as a flat posprocess effect.

9.2.0 Replicating the style in UDK.

For the purpose of this experiment a stock 3D model has been used, speadiEatignerated using
the MakeHuman tool by the MakeHumd@mam A generic male model was generated within
MakeHuman, which was thedmrther altered using the sculpting tools within Zbrush (also used for
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texturing and normal mappirjgo provide a much closer resemblancetke character of Barnum
before being exprted into UDKAII models generated using MakeHuman are covered by the
Creative Commons Zero (CCO0) license, and as such can be freely redistributed and used in any
project regardless of whether it is commercial or rmymmercial. (MakeHuman Team, 2012)

9.2.1 Diffuse.

Thediffusebegins with the standarthmbertshading, produced using a dot product of both thugnt
vectorand thenormal \ector (in this case, the normal map). This creates smodatnbertbased
shading Furthermore the shading in the oginal source image has a cloudy texture. To reproduce
this, a suitably cloudy texture is used.

Similar to thescreentane stylefrom before this tiling cloudy texture is rendered flat against the
screen using the same methaigscribed in sectioB.4.1c. This texture is then added to thembert
shading, giving theambertshading a suitably cloudy appearance.

This cloudy texturehowever,appears too uniformifig 86, left] While some of the brush strokes
appear flat in the source image (particularly irgareas), in some areas the brush strokes are
clearly following the contours of the shape.

Figure86: (Left) Screen gsition tiling is too flat. (Middle) Fresnel tiling is too streaky. (Right) A combination of the two.

This dfect can be reproduced to an extent with the usefr@fsnel Applying dresnelto the UV input
of the cloudy texture in place of trgcreen positiormethod will cause the texture to distort at the
edges of the figure, giving the edges a streaky appearaottoo dissiniar to paint strokes. fiis
looks too streaky however, and albas the side effeabf distorting the texture across flatter
surfaces|fig 86, middle]

The issue can be fixed however, by combining both methods. This is done lisagy &terpolate.
As noted beforen section 7.8.2alinear interpolatecan blend between twinputs based on an
alpha If aconstantis used as aalphg there will be a consistent blend between these two inputs.
For example, iinput Awere red,input Bblue,and thealphaa constantset to 0.5, the output would
be purple.
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Figure87: The complete tiling method, combiningcreen positiorwith fresnel

In this case, thacreen positiormethod is set agput A and thefresnelmethod asinput B A
constantis used to blend between these two methods until there is an adequate amount of edge
distortion without sacrificing the flat applicatioffig 86, right] In this case, theonstanthas been
setto 0.1.

Now that the effect has been magit can now go through the usual process of using a gradient
ramp to add colour. UDK will not allow this however. Onflpat2 output, such as &esnel(two
variablespormal \ectorand camera ector) or alambert (also two variablesyormal \ector andlight
vector), can be used in the UV input of a texture. It should be noted that a typical UV map also has
only two variables, height and width (a 2D representation of the mdé&addingthe lambert

shading & float2 node) tothe cloudy texture & float3 node withthree variables, Red, Green, and
Blue),the process is converted fromflmat2 output into afloat3 output, which cannot be used as a

UV input. To fix this, @amponent masks used to output only two variables (in this case Red and
Blue), conerting it back into a useabkpat2.

Figure88: Combining the paintbrush effect with thtambert, and then using theomponent mask

91| Page



With that fixed, the shading process is connected to the gradient rgmgalucing the necessary
colours for the painterly effect. This is then multiplied over dliffuse map similar to the Visual

Novel style shadgsection 7.1.0)

Figure89: (Left) The finatliffuse in basic lighting conditions.
(Right) The finatliffuse in 2-point lighting mimicking the source image.

9.2.2 Outlines.

Figure90: Creating the outline.

Fresnebill be used to produce the outlinenlikein the previous experiments howevehe
fresneldoes not need to be sharped; the original source material usa soft, subtle outline, so the
standardfresnelcan be used on its own. To reduce memory consumption, the $eeaeelnode
used in the creation of the cloudy effect can be used. The cloudy texture is then addeziftesihe|
so that it matches the style of the rest of the surface.
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Figure91: Combining the outline with theliffuse.

Finally, the outline is combined with tliiffuseviaalinear interpolate using thefresnelas the
alphaandthe needed outline colour is input @ this case, aonstanB). As can bebservedbelow
[fig 92, right], the producedresneleffect has theunintended (but welcome$ide-effect of applying
a lightpaintbrush texture to the entire surface, giving itagher appearance not dissimilar to the
source image.

Figure92: (Left) The surface without outlines. (Right) The surface with outlines.

9.2.3 Specular.

As noted beforen section9.1.3, aphongspeculamwill be used to appla glossy sheen to the skin.
UDK does havghongshading built irbut, just like theanisotropicspecularthis is only in the form

of a lighting modeWhen usinghe customlighting mode the phongspecularmust be recreated.
Fortunately, Epic details hothiis is done in their official documentation, using it as an example of
how custom ightingeffectsdiffer from their built in counterparts(Wright, n.d)
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Figure93: Thephongspecularshader network.

Thephongis recreated fistly by producing a dot product of both tHaght vector and thereflection
vector. This producea very basiphonghighlight. After being clamped to avoid glitchdsistis then
fed through apower node. This node has two inpuBaseand Exp Thepower node takes whatever
is plugged into th&asenode and multiplies it by itseExptimes. In this case, this has the effect of
making thephongspecularsharper and smaller, giving it a muglossierappearance.

Finally this output is multiplied by anotheonstant which has the effect of making it either brighter
or darker, providing control over the strength of tepecular This output is then multiplied once
more by thelambertshading to ensure that highlights appear only in lit arddss completeshe
phongshader network|[fig 93] Once this network is completed, it is then added to the combined
diffuseandfresnel [fig 94]

Figure94: Adding thespecularto the previously combinedliffuse andfresnel
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Figure95: (Left) Thephongspeculareffect. (Right) The combined result.

9.2.4 Ambient o cclusion & sketch effect.

Figure96: The sketch effect shader
network.

The completeambientocclusioneffect requires three textures.
The first is thaiffusetexture, which already contains pygainted
ambientocclusioncolour detail(in this case, painted by hand
within Zbrush) The second is aambientocclusionrmap, a
grayscale map that contains the same Jpantedambient
occlusiondetail. The third is a tiling sketch pattern.

The sketch patternsimilar to both thescreentae effectin
section8.4.1 and the cloudy texturén section9.2.1, is applied as
a flat, tiling texture using thecreen positiorprocess. The output
is then fed through &inear interpolateusing theambient

occlusiormap as a alphaand a pure whiteconstantas input B. This produces the aforementioned
sketchy effect that appears only in areas that need added dégathtion9.1.2).

Figure97: Extending the tiler network to accommodate the sketch eéte

This output ighen multiplied over the combinediffuse, fresnel andspecular
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Figure98: (Left) Applying the sketch effect to the existing surface.
(Middle) The sketch effect.
(Right) The combined effect.

Figure99: A closeup of the sketch effect

9.25 Overlay.
As noted beforen section9.1.5, part of the visual appeal of the source image is the appearance that

it was drawn on dated paper, providing a rough, grungy effect to the image.duidstee applied
either as part of the surface shader, or as a gusicess shader.

Originally, the planned method was to use a ppsgicess shader, allowing the user to easily apply
the grunge effect to the entire scene. The effect was created by takiogadty freestockimage
(Buzillestock [pseud.], 2009rnd using thecreen positiormethod to stretch it flat across the
entire screen. This texture is then subsequently multiplied ovestteme texture ample allowing
the scene to show through the iighter sections of the image while appearing to have folds and
scratches in it.
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Figurel0C: The initial grunge PosProcess effect network.

During the process of applying this shader however, it proved to be problematic. Sheujdung
effect be applied before thdepth of field (henceforth referred to aDOBR effect, the grunge effect
will also be blurred[fig 101, top] Placing the grunge effect after ti2OFeffect however, will cause
the entire scene to render black. Thanonly be fixed by turning oféinti-aliasing leavingthe final
scene looking pixeted.[fig 101, bottom inset[The cause of this ige is unknown.

Figurel0ZL (Top) The grunge effect when placed before th®Feffect.
(Bottom) The grunge effect when placed after tH2OFeffect with anti-aliasingturned off.
(Bottom Inset) Closaup of ear withanti-aliasingturned off.
To use the grunge effect as a pgsbcess bader will lead the end usertim having to make a
decision betveen sacrificing th®OFeffect, or sacrificin@gnti-aliasing both of which are considered
standard features in most contemporary games.
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It is for this reasomhat it is more suitable to apply the grunge effect as part of the surface shader,
multiplying t over the combinedliffuse, fresnel specular and &etch effect. The tiler method is
extended a final time to include the settings used in the previously builtjpaxtess shader.

Figure102 The final incarnation of the tilenetwork, accompanying the paint, sketch, and grunge effects.

While the final effect is much less noticeable than the gurstcess approachhts has the additional
benefit of allowing the user to decide whishrfaces the effect appeao (for example, gcluding
the sky from having the grunge effect), and tspiblyapply different grunge textures onto different
objects to make a scene look more vari@éltie increased subtlety of the effecain be beneficial, as
the previous posprocess method could lva proven to be too distractings the effecwasvery
strong and noticeable.

Figurel03: (Left)Combiningthe grunge paper dect with the existing surface.
(Right) The final result.
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9.2.6 Final Result.

Figurel04: (Top to Bottom) Four angles of the final result.

99| Page



Figurel05: The final Fable 2 Concept Art style shader network.

9.3.0 Experiment #4: Conclusion.

Due to the nature of the style, only one of the recurringtatzles mentioned igection 7.3.0nade
itself known; the phong speculasdction 9.2.3. As the art stylés much darker and grittiethe
realistic lighting produced bjghtmassmanages to compliment the style as opposed to breaking it,
removing the ned to use the workaround mentioned 8ections7.2.7and8.4.3 Furthermore,
although the phong shader needed to be recreated from scraqihong shader is fortunately

much simpler to create than an anisotropic specular.

The only other obstacle encountatén this experiment was with the pegrocess attempt detailed
in section 9.2.5. fis is not an issue caused by the default bimsyever,but is instead a generic
issue with the enginéanddoes not favour either photorealism or ngghotorealisn).
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10.0.0 Final Conclusion.

10.1.0 The default bias and UDK,

As detailed irsection 7.3.0the hypothesis concerning the default bias was technically incarrect
Although there is evidence of the default b=astingwithin the Unreal Development Kit, this
evidence manifested itself much earlier than anticipated. Throughout the entirety of these three
experiments, only two unique examples of the default bias have been documented. Althasgh th
might seem like a small amount, these two issues are ingrainedhietiundation of nearly every
shader; the lighting and the shading. As such, these become recurring issues that will be
encountered in most attempts at nephotorealism, asliscovered in the later experiments (sections
8.0.0 and 9.0.0)Although workaronds wereeventuallyfound for theseproblems, they are

imperfect and will requirat the least mino’lteration depending on the art style used

Regardlesghe fact stillremains; the default bias does exi$the creation of these shaders, including
the more simplistic visual novel shadgection 7.0.0)proved to be more difficult athtime

consuming to produce thaa typical photorealistic shader. This is due to the fact that all of the
features needed to produce photorealistic games are already proadexfandard features within
the engine, in some cases to the detriment of those who washroduce something different.

With the default bias proven to exist, it can now be deduced that this is the true reason for the
prevalence of photorealisnit has rothing to do with the popularity of photorealisnas showrby

the first experiment (section 4.3.0Jo the majority of consumers, photorealism is neither more nor
less popular than nophotorealism; they are equally popular, and consumers wish for an equal
balanceof both. Insteadphoto- & 0 ] prejalence islue to it beinghe easierstyle. It is the

default style for major game engines such as the Unreal Engine, and as such is the most supported
and utilisedwith many of the features required for photealism being provided as default options

To reiterate the words of Viktor Antono¥, vC } C v }-& Z pgPpAnodymous2012)

10.2.0 Extended thoughts.

10.2.1 Additional lessons learned.

Although the initial direction of the research (secti.0) proved to be unrelated to the real issue

at hand (the default bias), this resulting information is far from fruitless, hence its inclusion.
Although it was not directly utilised in resolving the real issue, there are some things to learn from it
that are just as important.

As previously noted, nephotorealism is not unpopular. Despite the thoughts expressed and the
actions taken by the companies in section 4.2.3, evidence shows thgtimainrealism and
photorealism are as popular as each otherc{gm 4.3.0). Furthermore, consumers also notice a
distinct lack in nosphotorealistic games, and wish for both to receive equal representalibare is
further unintentional evidence of this consumer behavitiuough my experience as a vendor for
Daz 3Das described in section 10.2.2.

~

With this in mind, the actof Z vP]vP P u [¢ u I S]vP 8} % é&s deGeringdih E 0]°*5]
section 4.2.3, isompletely unnecessary. Such changes in the presentation will not improve the

Pu/ s %}%uo EjSCE]SCIE( }vepu E+ }v[s ( A}JuE 18Z E «3Co X /v (
changes (such as the one proposedAgarestin section 4.2.3) havihe potential to make the game
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less popular. Assuming the tactic does work and it attractstfeatgprefer photoredism, the

ESA}YEI «Z}Av Jv 8Z u EI| §]vP } ev[8 u 8§ Z 8Z 8§ (}Juv Jv 8Z P uU |
apparent very quickly when playedls noted by some of the survey participants, this can be
considered a form of false advertising (section 4.3.2).

In short, not only has this practise been proven to be ineffectual, but as a concept it is also
counterproductive, potentially causing more issues than it aims to fix. Although this conclusion
A« vécessaryo researchthe default biasit is still an imporant lesson that is worth
remembering; the importance of listening to the consumer can never be expressed enough.

10.2.2 Unintentional evidence.

During theinitial stagef this thesis | workedn multiple personalprojects for commercial sale
through Da 3D. These included two packs of faitotorealistic shaders fddaz Studida hobbyist
3D suite). The packs are naméidual Styleand Manga Styleand utilisesomeof the same methods
shownin the visual novelsgction 7.0.p and manga§.0.0 themed exeriments.

Visual Stylevas originally produced as an independent project, the intention being for the product

to be sold on an open store that anyone could joMiter Daz 3D saw the project, howeveisual

Stylewas offered a place on the official Daz &Dre (a store only for artists approved by Daz 3D).

There it received advertising space alongside other popular products, including their flagship

photorealistic male figurdlichael 5 Visual Styléar exceeded personal expectations, earning a

profit of over $1,600 within the first weekend and subsequently over $3000 within the first three

months (note that this iafter Daz 3D take their half of the total earnings). The succe¥ssahl

Style o §} 185 JvP A E§]- e }v }( SZ SulVBZEVye PZBZ &3 (E %o E} U S
featured beinghe photorealistidVlichael § provingit to be just as successful as the newly released
photorealistic products at the time.

Over the course of this projedtisual Styléas still continued to sell wello the point where it was

( SHE Jv T i [en 8 }(11i1_ « 0o X & 3YisualStyléds Sad evée@]s]vP U
copies since its first release in May 2012, earning a total profit of &,d0@. Inspired both by

Visual Styl§e «p <+ o fhecsaccess of the manga shader experiment in section 8.0.0, a
second product nameianga Stylevas created. Released in November 20¥12nga Stylehas

currently earned over $3,000. Furthermore, batisual StyleandManga Stylehave been chosen to

be feaured inBel| a digital commercial magazine available from Content Paradise.

Although thematically linked to the thesis, neither of these prodweasintended to be a part of the

thesis. Despite this, this experience as a vendor has proven itself to Gkeptw the evidence

produced in section 4.3.0. The fact that Visual Style was a%an}S}E o0]*S] % &} pu § ] v[§ Z}
chances at success; it proved to be just as popular as the other photorealistic products at the time. If

the concerns raised insé&d}ve dXTXT v dXIXi A E h@&ebeerthE tasd}po v[s

10.3.0 The future of NPR.

Much like the survey participants in section 4.3.0, | too hope to see morghotorealistic games
JVP % E} p §} o v }uS $Z %oZ}Bdt@oughefdrthdre to Besiniply more

non-photorealistic games though; the methods used to create such games need to be improved

upon, just like how the methods to produce photorealism have evolved over the years.
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Fortunately, there are already signs a@ingpanies choosing to pay closer attention to NPR. Since the
initial research was finalised, various projects have been released that show considerable leaps in
quality concerning noiphotorealistic rendering.

Figurel06: A screeshot of Hatsure Miku: Project DIVA F. (Lad2013)

InMarch 2013, a sequel for the Hatsune Miku: Project Diva game discussed in section 5.2.4a was
released for the Playstation 3 by SEGA,; Project DIN& EO6]Unlike its predecessor, which used
realistic shading and lighting on an otherwise stylised character, Project DIVA F manages to much
more accurately recreate the style of the original concept artwork through a combination ef non
photorealistic textures and shaders. The game is much more vibrarfaih€ll to the original
*]PvU (]Jv ooC 38 I]JvP A v3 P }( 8Z Wo C+3§ 3]}v ifph@o@alidticE 3} %o}/
shaders as opposed to photorealistic ones. Furthermore, this is the first game in the Project Diva
series to be officially relead to western audiencesherebyacknowledging the potential consumer
base in both Europe and America.

Another mainstream project worth noting is the-ayet unreleased game also by SEGA, Guilty

Gear XrdThis project is particularly notable in being@ §ame that attemptso mimic the style of

the original 2D games as closely as possible. This is done not only through the usshafio®] to
recreate the anime style of the original artwork, but also through the use of purposefully stuttered
animationto mimic the low framesger-second of 2D animation typical to Japan. The effect looks

nigh indistinguishable to 2D animation; it is only when the camera rotates around the characters
that it becomes apparent that they are 3D characters in a 3D environmaother fact worth

noting is that Guilty Gear Xrd is being developed in the Unreal Engine, the same engine used in the
three shader experiments in this thesis (sections 7.0.0, 8.0.0, and 9.0.0). It would be very interesting
to learn the methods they usednd to know if they too encountered similar issues to those
encountered in these experiments.

While such examples from the mainstream industry are few, they are no less impressive. They also
show what could potentially be a change in attitude towards-pbiotorealism by the mainstream
industry. It may be a very long time before the mainstream industry begins producing photorealistic
and nonphotorealistic games in equal measubeit much like Viktor AntonovAhonymous2012) |

am convinced that the futuresibright for nosphotorealistic games.
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