3d Cel shaded Rendering and 2d tntegration
A bnovations report by Dean Wiitght
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This project and report Ls a gulde to creating toown shaders for 3> animation and
how to lntegrate traditional hand drawwn antmation with CG rendered bimwages. 1t
will toackle not only the visual but some technical aspects of bringing the
mediums together. This Ls done usiing research tnko previous technigues used tin
the film industiy to produce stmilar results and through first hand practice.
Information has been attained through research papers, websites and people tn
the CG ndustry. The resultant shaders provide 2D renders that appear to be
potentially hand drawn and sit well alongside 2B characters and
ENNLrOMIMENES.
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OVR to stailote the veal Life Lightin

Presented to You, Ls A report (ko the techniques of
attempting to lntegrate 3b cendeved images alongstoe
troditionally hawne drawn 2B antmation. The primary
dvive for this reseavch i< to ncorpornte it into the A Ov
project shovt film 'shg—oaper’. . addition to this, as 2B has
ectabliched a strong foothold tn animation, 2B has beew
disregardeod by some as a dated veedium. However, both
ed s ave thety merits and dowwfalls, so bg bringing
the two together, You are able to take advantage of what
they both have to pffer. Although there nave been
cennnvieable developments tn Lproving the flextbiltiy of 3P
Hheve ave still Limits to the way tn which objects

]

anbmation,

can be deformen to create smooth flowing movements.
Uunlilee 21 where tts a sbvple

trer of moving your Line.

Own the other si , ;
ol Tm;;ii?é tlnte cotn, this downfall is alsp =zprs Oreatest
stvailayr artefncts ov?a ; VePVOdua@/a Pm[@t rigid surface, or prod
Laborious tacke, o ";{95 scale (,:g an extmmgLM AiFficult a};d uee
produce usbing the pro YW antimators. But is much simepler t
Integrating two mgd/cessuibg power available of a machine pler to
A acdowmmg Lt a wew Ldea of course. 2p M&;s 0
ool o V\i;b many an occasion, pasgib% the mogteem
o L mo{o Framed Rogger Rabbit’ (above). one of th
techmqugs il Pt ucm/g ap/parmttg 2D mages usin 313{ e
Turner developed tl/!EO MQW?( LLP,SJCLCLQ/ (Left). Tad Sielow g VLO? M
A e LL: aders with Wwalt Dégmeg Pictures and g
composLtépt o es and colour were produced separatel (A
er, they also created o plotter that eould d?afvmtie

Lines produc
ea by the com
/ o puter allowin 1 /
Lnto the traditional ik and Paint Pmce@g R Lntegrated
e




introductlon...2

This tnle and plotter technigue was used on a nwmber of
pleney films such as The great Mouse Detective’ and ‘The
Little Mermaid’. However, 2D nteg (ation Lnkp 2D made 4
huge Leap forward in the animated film The Lion King'
The famous scene with the sta mpeding wildebeests may
ot have been possible were it not for the skill of the 2P
artists. A number of the close-up wildebeests would have
been traditionally animated, but the sheeyr nUners
required for the sta mpede meant they had to be veprodluced
in 2D. AS You can set {n the Lmagge to the right, the huge
nuumboer of toow shaded animals Lnteoiate verl) well with
Fheir traditional 2B environment. This boosted confldence
L the technique Leading to ke use Ln o huge number of
films such as Heroules ond Mulan.

wn thts bmaage, the 3D tree ctyucture fiks tn very well with
the 2D folinge thanis to betng able to paint oneo the 2D

moolels.

Since thew computers have integrated th
s / emselves L i
}:Mm% 4 t;/ng; Z,M;EWO mediums work side b@ stole ai&yg\i
ey {Veedu\/at@ fmm the artists who's imagination is
WY e LOM with tl/}e use of 3D, A perfect example (s
Tarzan'. n the Lmag@mtgo D‘cl@/éj L(;i:dt;? 3 o Digmeg MO/\/!:& P
P ) VEry covuplex folia
mavememsﬂ:;i ,/%;V\:Mmtm /am{ mopped ogt, aLoig wfuth taz Z&? vi;c Vsﬁ
Pmm i e ewv%rommemt. However the 2D artiste ;
2D models, just as they would a wormal 2p c;i:\ias

This means v
ery complicated [
EVNVLYrOn A
and ru ENE LOVES ¢
nthrough, thew the animator cam Slmp e

chavacte ' Ly overla
psstbol }/JfCO SWlt the movement. This would simgL Tl
posstole without the aid of 2D topls PlY have not been

e pr—



Introduction...2

S ! #3
Sta@];wci[rg ave spreading their influence into many other
s of 2B production, particul [
’ WLM L the storvb L
- i / oardin
Ee : ::_SM (Em;{ B/wot, 19 ?g). Using After Effects, gcewes caa
iy an even basic animation divected to lay out and
coamera wmoves for each shot. “Wht
, C“whtle staging i
fif oing ls no
Lgt/tastumte for story,  felt thew, as t do now, that the camera
n unseen character, the eyes of the audience” (Blrat;

1998)

e :
s digital practices work alongside traditional wethods

rull 2P ammated chavacter /VMV& andl veore, the emphasis of this lnvestigation will 0
Lnto attaining seaml 1 [ e
G / / e ety '
Taditional 2P anlmatilow Matee Palntng e s T Vb@ti?mtwm of the two weediums, as
| ; Lne frovn the 2D renoers
of course there are Many different styjles that 2B antmation has Lssues such as reflections, how to deal with crosrs. Ot?t?r
e LUNA

traditionally oeew patnted v, whieh results bn wmany different 2B CW racter interactions and other details will also b
chaders belng developed £0 mimie those styles. The stmple, flat colowr oriefly. ol eoy it
shading, Ls what wis required of the film ‘Shﬁ—caper’, A eXample of
whieh caw be seen i the Lmage above From the 1999 WAINEY Brothers
Anlmation, The lvov GLant'. This motton P’Lctw/e s the pr’tmavg
insplration for the chaders lnvestigated Enroughout this report for @
nmber of (EaSOnS. Usiing this style, the work Load ow the 2P
anlmation artist ts consideraoly veclucedt as there Ls WO tonal work
Cavolved and it ts also stwpler €0 bplenent (=D as no Lighting ts
needed n the scene. T nic malees the 3D and 2P encier to match and
helps reduce any) contbnulty tesues. v aoldition to this, from @
etic polnt of View, & 1c the atm of the fllm relish tts 2P
dding nore detail or shade work could werely detract ”

pwetg aesthh
gt@La ani so Q4
frow the AnlmatLon. y

= —




Toon Shader Development...1

A bportant Lesson Learnk while developing these chaders was that by
taking the 2D element Ao aecount at the destgwn and modelling stage, You
can greatly reduce e auount of worke needed at the shading stage. This s
pavticularly porkant when dealing with the Lnes. Needless to say, having 4
goodt deston that faleps inko account how things can move Ln 3D space Ls 4
necessity). Although of course it Ls Liportant to not Let the 2D element get n
the way of artictic style, so tts about attaining the right batance. Frow the
orioinal 2B destgns pelow, the 3D model to the right was derlved. Stnce that
(aitial vemder, o few changes were paade to help accommontate the shading,
worle. So whewn enbariking on d ctmilar project, it is cecommended to cary
st sovne rough tests to see how Fhe Lines are working ow Your moolel as You
puilol each part of the character, to save anl headaches further doww the

pmducttow preLLwe.

Pont b¢ surprised if
the tnitial model Looks
quite different from
the 2D designs. once
the flat shaders and
line work ig applied,
the model will grenter
resemble the drawing.

The softwag
ré us
Maga A 57( to model g texture ¢

LEs budlt (i tppin, fiks 7 e the chavacter wiye

Producin [t ;
r el U ol dpfmved Very versatile at
or the emtire
tharackey
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Toon Shader Development...2

very stiple. As 10 Lighting will oe neeotedt

The initial flat colowr shading process LS
a single mesh, (t is stimply 2 watter of

and wo changes tn tone will happen over
ploking the right colowrs and assioning them to the rght areas of the mesh. T he

major acvantage of the entire toon cendering process Ls Lt can all be seen b the
viewport Lnteractively. There (< o weedl to render each tlme you make a chawnoge to seé
the results. (€ is very easy though to Lose tracke of the colours and even Lose the shope of
the mesh as all yow can see are flat surfaces. [ELs therefore lunportant to name anol
mloer Your shaders so You can ensily velate o Fhem bn the 2D drawing. The
Lmportance of noaming all your shaders clearly ts particularty bportant whew e

lndividual faces can be selectedd on o

comes to creating the Lines, as hou Soov nave dozens to get Lost bn.
- —r T v - . e — stnole mesh t :
e =l BB+ L 20N . - - =[x . 2 2 QPPLg “ dbﬁe‘fem’t colour.
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: %M,MSM@ two monitors, Lt Ls posstble to very |

.- eastly sample colours and check agatnst 2B

- | | retevence. Thi Lt

.r IH l“ _I.m:'__ M LM EIE | ::I ) rrrl / { . MLS i,/%ade thé LV\JLtLaL COLOMV 'PVOCBSS
R e sbimple as it was easy to find the colour

-
o Y’aLues v photoshop, and enter the RGB values
L Maya for a perfect mateh.
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Toon Shader Development...3

<een heve Ls 4
cender of the moolel
with the colouy
shaoter only stge
oowq:L@ted. AS You
caw e, bt bs quite
comvineing as 2D
dlrawing.

Wit L

MOV? ;geaﬁf;c ;/ll/‘@aiif@ iﬁ;;i@ V\,E;{;;v:/ oW Mgv& 0 c/Lear impression of the characters 2D appearance.

S e 0, Ls a substantial more amount of work to be done. Therve are 4

Profile Lines that map around the eddges of objects

Crense Lines that arve drawn when there s a user-
specifled change tn the angle between two poly's K o

Border Lines that flnd the point where polygons |
break (open edges)

ntersection lines that arve drawin whewn two

nmeshes cross throuoh each other.

Each Line has its own
settings for width, colour
anot so on, giving a large
range of control.

Awnpther polnt to note is that it Lo sometbmes worth faking
the Line using o texture. For instance, the neck needed a series
of Lings running rownd the cylinder. To mare Mayas Line shade
Avaw thic would have been diffleult as there ave no creasets, bovolers ov Lntersectio
for it to flnd. However, using a stimple eylindrical projection created the twpression of the drawn
Lines with ease. As long as the colours mateh, and k Lpokes correct when rendered, then tts fine to
aix methods. The sawe method was Lced ow the lkemees and backpack. There are two optlons fov
drawing the profile lings, ‘pffeet mesh’ and ‘paint effects’. On all oceasions the offset wesh provided
o vauch sioother and accurate vesult. Lnlike pabnt effects which finds the edges anol creates Mmesh
to appear s the lings, the pffset maesh method crentes & duplicate of the mesh that surrounds the
pbject, slightly larger thow the original. Then whenever an edoje Ls detected, the wesh is displayed,

offeet from the original pbject. The disacvantage of this method however is that you Very guickly
have a hge nuwber of poliygons Ln Your scene as every time You create a Line shader, You create
another entire mesh. It Ls ‘cmm{ore vecommensed to use venoler Lagers when anbmating, to remove all

the Line worlke until vender thnne. a '



Toon Shadeyr Development...4

e worth mentloning at this polnt that it Ls best to not

Just dependl on tine viewport rendering of the Line work as,
although useful, It bs not always entirely accurate. When
rendering, it Ls best to do so against a colowr that
strongly contrasts e chaders and Line so that all the
chades can be distinguished. Almost every component of

Uy object is Likely to need ite own Line shader as the

wickth of Line displayed ts interpreteot differently
dependling on the pbject it is assigned to. So to Reep 4
coneictent Line thickness, it must be approximated by eye

for each component.

This Lma@e sh
ows that the |
model ! ower pol
iy OMVL the VL@V[t OlVQWS gtVDV\/@fV L?V\iitl/{
9 8VPOLH model pn the left an

PEiar

an Lssue stat
ed previ
o G&mpmvi@(z ; Lously where sometinges 4 Lower .
and You can see th eiteigretilie e left is a hi i
e crease Lines within the plsto @0{“ it
W ao not show

n e
9 the high-Lit edges, the creases



Toon Shader Development...5

The bigoest potential problem with using Mayas toon shader Ls with mirrored objects or pbjects with tnecorvect normals. tn the
Liwacie ow the bottom Left You can see the mesh for the wing-nuts on the feet of the character with the green Lines displaying the
polygon normals. They shouldl all point out, but due to the way the object was modelled, some of the normals are facing Lnto the
pbject tnstead of out. This results L the Line not drawing at all as the offset mesh oreated is within the object. This can be seen tn
the centre image. The stimple way to solve this problem is to go through face by face onot use the reverse normals tool. This should
fix this problews as can be seen o the far right lmage. However, This method oloes not always work if you have already viggeo
the character, as freezing the transforms and the skinming process will over-ride this fix. This problem will cause the line shader
to display over the entire pbject, not Just the edges. i this problem should oceur, the only way to work around this seems to be to
export the skin welghts, wnloind the veesh from the skin, mirror the pbject, freeze the tra nsforms, assion the shader and re-valvvor
it, Leaving the scale tn the minus. Thew You ave able to re-bind the skin and port the welghts. This Ls qulite an arduous task,
<o it Lo vecommenden that whew modelling, use a basie line chader to check it all works before vigging.

neorrect Normals Broken Line calculations Line with fixed norvaals
Correct Normals

24 — - e



Toon Shader Development...o

AS You come o i close with Your Lne worle, tts limportant to check how your
cenders appear at diffevent dictances from the camerd andl ot different
cendering resolutlons. Pue to the way) the chader caleulates the Line, the best
veculte are achieved with large recolukion renders. An example of this con be
ceen below Ln the green inages where the top liwage has a very rough outline
with many avtefacts o certain aveas. Wherens the Lower Liwagye, rendered at o
much higher resolution, hoe o ek simoother Line with very few jagged areas.
The cavern distance tssue ts dermonctrated bn the white bmages where in the
top Limage, the camerd (e cloce to the subject and it renders accurntely. But n
tine Lower white bmage, where the camerd wits placed further away frown the
subject, o bnternal Line has broken through the mesh of t!/\ejaw. T solve this,
You mist stimply 9o andl adjust the tnternal mesh or Line shader so Lt bs wo
Longer vistole.

This ls the final full
shaded character. As
You caw see, it Ls fairly
true to the original
destgwn.




Backoround and Compostting...1
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With the characters shaders set up, we can move on to how the 2B andl 2D elements will be integrated together. The 2B
animation will result in a sequence of bmages with alpha channels where all but the 2b drawing has been masked. Ustng the
alpha channel produced by Maya i the venplering process we can mimic the 2B output so we have two sets of images which can
be composited in a very sbmilar fashion. Keeping the backgrounst separate from both the 2D and 3B characters olves us a goott
Level of control as we cawn layer, colowr corvect and composite each element as we see fit. The test project is set against a large
sky-scraper and so veflections are pbviously an issue. Reflecting in 3B Ls @ matter of pushing a few buttons, however 2B
reflections woulol need to be completely redrawn for every frame, which Ls not an option (Unless the reflective pbject is at an
angle perpendicular to the character, so the lmage con stmaply be flipped to mimic a reflection). So it was decided that any
reflections should be done tn compositing and o encure the 21 and =D matched, the same method would be used for both. The
evwvironment (s based entirely around the winolows, so as [ou caw st above the 3D wmodel Ls very stmple. n addition to this, to
speed up vender thmes, tnstead of actually reflecting the 2p enviromment drawing, it Ls simply projected onto the windows.
This would not work should there be any Large coamera movements as You would expect there to be problems with paratlax.

However, the filue only shifts around the scene using cuts and if there should be any continuity Lssues, the projection can
stmply be shifted slightly.



Backorouna ang Compostting...2

Now we have the backgrownd and foregrownd ready to render we can
Oegjin setting up the scemes for the various passes. Shown to the right (s
aw exanple shot and its corvesponding alpha channel. Unfortunately,
theve Ls a problem with the semi-transparent “Miracle Windows” sereen.
Maya’s software shader Ls unable to detect the sewmi-transparency in the
alpha and grey it out accordingly, instead we get a solid white alpha as if
the object completely occludes the background. This is an tssue as we are
compositing the enviroment in behing this Layer, so the vackgrowund
needs to slighlty show through the sereen, but this completly white alpha
would result bn us Just seeing the grey screen, as n the top lmwage. One
solution would be to use a Lanbert material, instead of a surface shader,
anol then remove the diffuse value so it is not affected by lighting. Then,
whew usting normal mapping of a PNG texture file, You do get the corvect
alpha. However, when using a Line shader, the profiles Lines are caleulated
after all other materials, so the lines that are behind the sereen, sueh as on
Suds’ legs and the back of the basket, are drawwn as Lf they ave on top of
the screen. This vesults tn very odd remders where the shading of oljects Ls
oehindl, but the Lines that define them are infront. The solution is to
simply render any semi-transparent layers seperately. To oo this, You
need to assign a “Use Backaround” shader to every other object in the
scene, so when anything goes infront of the sewmi-transparent Layer, it is
occbudeol corvectly. Then, overlay the solid vendered version in comp’ and
Lower Lts opacity so objects behind it show through. This method also olves
Us greater control Ln compositing. It can also reduce render times as, in
this shot for instance, the basket does not move, so a single frame can be
rendered for the screen. So nwow we have three render passes, a backgrownd,
a foreground with the semi-transparent objects hidden and a foreground
with just the semi-transparent objects displayen.

giCsll




Backoround and Compositing...3

with the potential layers dectoed wpown, tt's time to develop the backgrownd fully so we can move on to a
full compositing test. Above to the left You cawn see the final emvironment image. nitially this mage
was drawin very precise ane with straioht edges, but as this Ls to be projected onto windows, to adot to
the glass effect the bmage was warped slightly). This results in the projection appearing to bend over the
olass as if it were due to bmperfections bn the glass reflecting the environument. Above to the vight You
can cee the test remdler we will use to put together the comp. n this instance, the program ‘Shake’ will be
used, Nowever any gooot compositing software such as ‘Nule’ or ‘Adfter Effects’ would be fine. An Lmpor-
Fant wote to males e at thic moment tn thme, the 2D anlmation for the project under development has
not been fully produced. The anbmation has been drawn, but not yet cleaned up, sca nned and coloured.
In Light of this, a still tmage will be used as a place holder for the character tvaw, allowing his COMPOSLE-
ing network to be developed ready for when the antmation {s completed. The whole polnt of the COMPOSLE-
ing stage is to help integrate the characters comvinelngly tnto the same environment, so Loeally we
chouldl be able to use near Loentical networks to composite the 2B ana 2B characters.

! r a
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Fuyrther notes...1

Throughout the development of any) project many unexpected
Lssues will crop up that vequire some fast problem solving. This
sectlon will cover a few of those issues as well as some other tips
picked up through research on other bndividuals work v this
fleld. one issue that initially came up was what frame rate to
work at. The 2D antmator Ls taught to work on 2's where each
drawing holds for two frames of a video vunning at 24 frames
per secondl, switching to 1's for fast action with 24 drawings for
each second. Within the UK, PAL is an accepted standard and
most CG animation Ls geaved towards that format with 25
frames a secondl. This could cause a big problem, but it can be
worked around using options tnherent in most 3D packages. The
C& animator Ls able to animate at the 25 frames a second they
ave comfortable with, and then simply change the frame mtejus‘c , . /
before vender time. This keeeps the second duration the same, but  Working closely with a 2B antmator You get to see many of
simply renders at different intervals within that seconel. This the advantages and O{Lsadvav}tages of each medivwm. One of
results in CG renders at 24ps, for whew the co chavacter is alone  the biggest problems a 2B antmator s constantly up against
o screen. However, whew both chavacters ave on screen at once, it 1S retabning volume and maintaining shape. After hearing
Ls buportant that if the 2D anlmation is on 2's, so running at about this problem and reading tn the paper B/3D Hybrid
12fps, the C& anbmation must drop every second frame to alsp  Anbmation on Splrit’ (Poug Cooper; Preamworks), they used
un at 12fps. Otherwise, the two characters would wot integrate 3P wodels as reference for the 2D anbmators.

well as the CG will run a Lot smoother than the 2D. Again, as “The animators did not rotoscope the CG renders, but instead
most UK players are geared towards 25 £ps, having a final used it solely for scale anol perspective reference.”

movie at 24-fps could cause problems. Two ways of aetting rownd

this is to use a good converter which can ve-encode the video to As 0 vesult, to help the 2B anlmator visuallse the character
25¥ps with no Loss of quality. Ov, take the 244ps Lmages, run o from all angles, the model seen above was put together.

them at 25{ps and slightly speed up the audio to wateh. This is This allows the 2B animator to see the heads shape from
pbviously not ideal as the timing will be slightly different from —Where-ever he chooses and nas been 4 great help in almost
Lntended, however it is a stralght forward solution to an otherwise EVErY shot so fav.

T C C C
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Further Notes...2

As mentloned at various polnts throughout this report, tackling the

reflection (ssue has been a constant battle. (tis buportant to make sure *

there is evidence of it, without having to force the 2B artist to reat mwtgie 7

the sequence. This is why using the alpha chawnwnel to create (j ja S;f{m [ J " .

ceflection bn compositing was a baste, but reag?wabLe methoot to l/tL i = : Wy
frontal camern angles. For completely perpendicular camera ang es,u B < orcction: 'l flippe: miiva
chavacter can stmply be flipped and colour corvected to creati an abctce v | | |

reflection, but it is the 3/4 camera angles that cause the veal trouole. I the project this report has foeused on, there are four

Obviously, those shots could just be avolded oy never placling the camer  chpre that mot C e s Siia st

Lo , : / : /
) zmt sguatlow buct it cevtainly adds wove variety to the fllme maRING e pin coreemn together, buct they also have to ey
/L?tm se shots ay@/mt completely ruled out. if anbmating twice is not 8% {uiernct with each other. The two o e e
Lf tho

tiow, the best road to go down is to hide the area where the re{Lect,Low the same sceme wntil compostting so how to makee sure
g ; Lo other obiects, or Ln the instance of this project, they mateh was an Lnteresting problem, Assuming that
should be. Ebt;waﬁivgom 3t GJmm/cteVS window cleaning can occlude one would have to be animated first, it makes sense for
Soap giujiaw aﬁ/()wm@ sove freedom of cinematonraphy, without the the CG artists to take the lead on these shots due to the
ik Y{if 6; ;{Ootmg anlmating. Level of control they have over correcting and twen Rlng
MnaTii ifﬁwan : antmation. It was also found that usting a place-holder
i

for the 2b character, some very stmple antmation could
be dlone Ln 2D for the 2D artist to use as a character
guide. Rigld structures moving around the scene and
rotating are very diffleult to animate in 2D as unlike
characters which can change shape, rigid pbjects must
retain volume and form. It was fownd that animating
these objects tn 3D first would ease the work-Load on the
2D antmator cowgw{@mbuﬂ. With these G placeholders,
the scenes can then be rendered and printed out for the
2D artist to trace over and overla Y his own antmation.

. tiow shots from the storyboard of ‘Teething Panes’, these This ensures that come the compositing stage, the two
T;votgw;i\zsbf%% well planned for the anbmation to mateh. chavacters will mateh at all tines.
sho




2

Further Notes...=

A factor seemingly overlooked so far ave shadows. Seelng as it was
a style chotee to stick with flat shading for the project ‘Sky-caper’
the lssue of dealing with different tones has not been dealt with in
this report. However, Mayas toon shader Ls capable of providing
some Lnteresting results and there are many other toon shaders
available that provide a very different Look. One worth mentioning
Ls the X-Toown shader (X-toown; Pascal Barla) which rather tha vuj'ugt
using a 1B shader to vary tone, uses a 2b shader witch uses the
tone variation and a lambert function to create layers of varying
shade detall. Examples of which can be seew below. It alsp adds some
nice depth of field opacity control, sivilar to the way 2B deals with
distant objects. On the same tople, this report has not covered
shadows cast onto the scene by the characters. it was chosen that for
the project Teething Panes’, these shadlows were not necessary as the
character would be L a cleaning basket and the main integration
factor would be the reflections in the windows. Traditlonally when
ntegrating =D into 2B, the shadows would be drawn by hand to
make sure they cast over the 2B envirowment correctly. Although
the paper ‘Shadows for Cel Anlmation’ (Lena Petrovie) Looks at some
Lnteresting techniques tn producting accurate shadow mattes by
replicating enviroment and Lighting conditions tn 3D space.

'\\
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Many different applications of the X-Toon shader can be seen here

Conclusion and Evaluation

This has been a gulde on the production of toon shaders for
2D ntegration and the recommended steps to take that could
make the process develop smoothly. The processes discussed
have been derived from first hano experience and it is hoped
they will save others from making the same ervors along the
way. Creating the shaders is fairly straight forward, but the
use of the Line and pre-planning at the design anol
modelling stage played an integral vole ln the suceess of the
final venders. If | were to develop 2D shaders for another
model, | have certainly learned to test all the line work at an
eavly stage, to prevent much Larger problems occuring after
rioging or having to carry out fixative modelling.

The shaders developed ave versatile and create a fairly
convineling 2b bimwage for most angles and character
movenments. Although there weve problems in further
anbmation when certain objects Lntersect with other parts of
the character they were not inttially set up to collide with.
This would vequire some further veflnement in the Lline
shader to ensure all posstble eventualities ave accowunted for.
AL the compositing stage, the Shake scripts developed to
overlay and integrate the two types of anlmation are
re-usnble and animate-able so they will work on meultiple
shots and allow some animation of the layers. Although the
reflection solutions offered via the use of compositing ave
successful in thelr individual application, to convineingly
reflect bn 2D from any angle would still requive a complete
redraw of the charactey.



Conclusion and Evaluation

Near the closing stages of the nvestigation | discovered an
Lntervesting pount about the movie ‘lron Glant’. The techniclans
wrote a program that would cause the Line of the character to
wobble slightly, adding to the imperfect hand drawn appearance.
As a further development to the line shaders ( bullt, the next step
could be to write my own prograve to crente the sawe effect. Theve
ave other Ling effects that | could develop b the future, sueh as
creating slight artifacts to mimic pencil Llead as well as Line wioth
variation. womaug, these arve all Lssuwes that alot o{ traditional
2D anbmation wishes to get vid of!

Although not relevant to the project seew throughout this veport, |
have been in contact with David Lanter who helped develop the
X-Toow shader mentioned previously. Ano exameple of this shaders
application can be seen below from the film “RyYu” (AV\,O{@ Alesile).
The shader is curvently only available Ln beta and | have o COPY
that | tntend to carry out some tests with.
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Overall | would say the final outcome has almost completely
met my initial goals. Many lessons have been Learnt and
interesting challenges put forward while trying to bring these
two medivums together. It Ls hoped that others can use this
report as a stepping stone b developing thelr own shaders in
thelr projects, as the gap between 2D and 3D animation slowly
shrinks.
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