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M aterials are  a very im portant part of a rendered im age  and can m ak e  th e  difference  betw e en a ph oto 
realistic look ing im age and an artificial look ing one . Kerk yth ea provide s  a pow erful M aterial Editor 
System  th at allow s  an extrem e  control over th e  final aspect of th e  created m aterial. Kerk yth ea m aterial 
propertie s  are  bas ed on ph ys ical law s  and th e refore  are  very accurate . Before  w e  can build one w e  ne ed to 
k now  som e  aspects  of ph ys ical law s  to understand better h ow  w e  can create  our ow n m aterials, so let’s  
h ave a look  at th e  follow ing im age .
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As you can s e e  all ligh t is  absorbed and reflected ligh t. Understanding th is  is  a very im portant part to be  
able to create  accurate m aterials . If you h ave som e  experience  w ith  oth er render engine s , you w ill h ave to 
relearn som e  concepts  th at are  w idely accepted but not ph ys ically accurate at all. O ne com m on m istak e  is  
th e  distinction betw e en specular and reflection. Both  repre s ent th e  sam e  ph ys ical property of a m aterial, 
ligh t be ing reflected in a specular w ay. So w h y doe s  th is  distinction betw e en specular and reflection 
exist? Th e  answ er is  th at m ost 3D program s  are  realized for anim ation rendering and th e refore  ph ys ical 
accuracy are  exch anged for rendering spe ed. O ne  s econd of an anim ation repre s ents  at least 25 im age s  
and th e  cost in render tim e  for accurate specular reflection is  too h igh , th e refore  specular reflections  are  
fak ed in th e s e  k ind of render engine s  (typically a scan line  render) m eaning th at in th e  be st cas e , only th e  
ligh t source  is  be ing sam pled. If you h ave a look  at th e  next im age, you can s e e  th at both  sph e re s  1 and 2 
look  very s im ilar but w h en you turn specular sam pling on in Kerk yth ea, you can s e e  th e  difference .  So 
w h y is  th is  im portant?  It is  im portant becaus e  of a ph ys ical Law  called Energy Cons ervation. As  th e  first 
im age  explained th at all ligh t is  reflected ligh t, th is  m eans  th at th e  diffus e  color is  reflected ligh t and th e  
specular color is  also reflected ligh t. An object can only reflect th e  ligh t it rece ive s , th e reforew e  h ave to 
m ak e  sure  th at our diffus e  color and specular color don’t exce ed th e  am ount of ligh t it rece ive s , m eaning 
th at both  diffus e  and specular h ave to be  in th e  1.000 intens ity lim it!
If not, w e  are  creating a m aterial th at reflects  m ore  ligh t th en it rece ive s  and th is  is  not ph ys ically 
accurate .  Th e  com m on m istak e  is  to s et th e  specular color to a h igh  intens ity value becaus e  you could do 
th at in a scan line  render w ith out any problem  but w ith  Kerk yth ea, specular is  rendered accurately as  
reflection and th e reforeyou h ave to be  sure  to s et a proper value th at doe sn’t violate th e  Energy 
Cons ervation Law .  Th e  sam e  rule h as  to be  us ed w ith  transparent or s em i-transparent m aterials becaus e  
th e  ligh t th at pas s e s  th rough  an object cannot also be  reflecting from  it at th e  sam e  tim e .

Kerk yth ea allow s  you to turn specular sam pling on or off depending if you w ant to fak e  
a m aterial property or not. Turning specular sam pling off w ill spe ed up render tim e  but be  aw are  th at th is  
can only be  us ed w ith  th e  Ph oton M ap &  Final Gath ering render m eth od (or any oth er Bias ed M eth od). 
 Kerk yth ea w ill autom atically turn specular sam pling on w h en you ch oos e  an unbias ed render m eth od 
lik e  Path  tracing, Bidirectional Path  tracing or M etropolis  Ligh t Transport. 
Th ere  is  anoth er im portant ph ys ical Law  called Fre snel Reflection (Fre snel effect) but I am  going to talk  
about th is  later.  Now  it is  tim e  to learn som eth ing about th e  pow erful M aterial Layer System  of 
Kerk yth ea. A good w ay to perce ive th e  M aterial system  of Kerk yth ea is  to th ink  of it lik e  com bining 
different m aterial propertie s  to create  our final 
M aterial and in th is  tas k , th e  Layer system  is  our friend. Let’s  s e e  th e  options  w e  get by righ t click ing on 
th e  M aterial nam e…  
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As you can s e e  w e  h ave a lot of options  w e  can ch oos e  from . “Set Layered M aterial” and“Fill Weigh ts” 
w ill be  one  of th e  options  w e  are  going to us e  m ost of th e  tim e  be s ide s  th e  s election of th e  M aterial 
Sh aders . You m ay w onder w h at “Fill Weigh ts” is…  H ere  is  a good m om ent to explain th at in Kerk yth ea 
th e re  is  a s eparation betw e en th e  M aterial Panel w h ere  w e  as s ign th e  color to our m aterial com ponents  
and th e  Layer Panel w h ere  w e  as s ign th e  w e igh t of each  m aterial com ponent th at w ill contribute  to th e  
final m aterial.  Th is  m eans  th at w h en you give a diffus e  color to your m aterial or a specular color, th e  
intens ity of th e  colors  don’t corre spond to th e  exact value you can read on th e  intens ity value .  For 
exam ple if you give a value = 0.800 to th e  specular color in th e  M aterial property panel, th is  value doe s  
not m ean th at your adding 80% reflection strength  to th e  m aterial!  
Th e  % of each  m aterial elem ent w e  h ave as s igned to a m aterial is  controlled in th e  Layer panel and its  
called W e igh ts .  If you give an intens ity of 0.800 in th e  Layer Panel, it w ill corre spond to 80%. Let’s  
create  our first Layered M aterial and fill it w ith  W e igh ts .
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By filling th e  Layer w ith  W e igh t, Kerk yth ea w ill as s ign a w e igh t ch annel for each  M aterial Com ponent 
w e  h ave added. Each  w e igh t ch annel h as  a num ber th at corre sponds  to th e  num ber of th e  M aterial 
Com ponent.  W e can also build m ore  soph isticated m aterials by us ing Sub-layers…
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Now  w e  ne ed to k now  h ow  Kerk yth ea h andles  th e  w e igh t for each  m aterial com ponent and sub Layer…
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We are  ready to create  our first m aterial.  I w ill s h ow  you h ow  to build a bas ic plastic m aterial becaus e  
plastic s h are s  9 9 % of th e  ph ys ical be h avior of m ost com m on m aterials, m eaning th at if you w ant to 
create  a varnis h ed w ood m aterial or leath er, you w ould ne ed to follow  th e  sam e  steps  lik e  you do w h en 
creating a plastic m aterial.  I w ill s h ow  you 3 different w ays  to create  an apparently correct plastic 
m aterial. Th e  first tw o w ays  of creating a plastic m aterial are  very com m on in oth er render engine s  and 
m aybe  you are  us ed to doing th em  th is  w ay.  Th e  th ird one  us e s  th e  Procedural Fre snel s h ader and I w ill 
explain it in depth  later.
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9   

M aterial 1 us e s  a M atte/Ph ong Diffus e  elem ent and th e  reflection from  th e  Dielectric Glas s  s h ader w ith  an 
IO R (Index of Refraction) = 3.00 and Fre snel turned on.  Th e  w e igh ts  for each  elem ent are  0.800 (80%) 
for Diffus e  and 0.200 (20%) for reflection.
M aterial 2 us e s  th e  sam e  M atte / Ph ong Diffus e  elem ent and th e  reflection from  th e  M atte/Ph ong s h ader. 
 H e re  w e  don’t us e  IO R and don’t us e  Fre snel.  Th e  w e igh ts  are  for Diffus e  = 0.9 00 (9 0%) and for 
Reflection = 0.100 (10%)
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M aterial 3 us e s  th e  sam e  com ponents  as  M aterial 2 but th e  w e igh t ch annel us e s  th e  Procedural Fre snel 
s h ader instead of th e  color intens ity.  Just follow  th e  steps  in th e  im age  and copy th e  value s  for th e  
procedural Fre snel s h ader (you can acce s s  Procedural Fre snel by click ing on th e  Procedural th um bnail 
w indow )
Apparently all 3 M aterials s h ould give an accurate plastic m aterial becaus e  none of th em  is  violating th e  
energy cons ervation Law .  But th is  is  not th e  cas e  becaus e  of a ph ys ical Law  called Fre snel effect. Let’s  
com pare  th e s e  3 M aterials and s e e  h ow  Fre snel w ork s ...
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Look ing at th e  m aterials applied on a sph e rical s h ape  w e  don’t s e e  so m uch  difference  but applying it to a 
box s h aped object, th e  difference  betw e en M aterial 3 and th e  oth er tw o (m aterial 1 and 2) are  evident. 
 W h at is  going on?  W h y doe s  m aterial 1 w ith  an IO R = 3.00 AND Fre snel enabled s h ow  a different 
effect?  Th e  answ er is  becaus e  of th e  w ay Fre snel w ork s .  As  I explained in th e  im age  above, Fre snel is  
governed by th e  IO R value m eaning th at by incre as ing th e  IOR value , w e  incre as e  th e  re fle ction at th e  0 
de gre e  vie w ing angle  and Fre sne l calculate s  th e  re fle ction distribution on th e  obje ct. At 9 0 de gre e  
vie w ing angle  re fle ction is  alw ays  100%.  Th is  m eans  th at th e  Procedural Fre snel s h ader is  calculating a 
gradient from  0 degre e  view ing angle to 100% reflectivity at 9 0 degre e  view ing angle depending on th e  
IO R value w e  h ave s et. Every M aterial h as  its  ow n IO R (Index of Refraction) value and you can find 
accurate indice s  for th e  m aterial you w ant to build in O ptical Reference  Tables .  Probably you h ave h eard 
of IO R for Glas s  and transparent objects  but th e s e  value s  are  also for non-transparent objects .  In th e  next 
Im age you can s e e  h ow  IO R affects  th e  reflection by increas ing its  value . 

Now  back  again to our q ue stion, w h y doe s  m aterial 1 w ith  an IO R of 3.00 not s h ow  th e  Fre snel effect. If 
w e  look  at th e  M aterial com ponents , w e  s e e  th at w e  h ave us ed th e  reflection of th e  dielectric s h ader w ith  
reflection intens ity = 1.000. Until h ere  everyth ing is  correct. W e can look  at th e  Fre snel &  IO R im age and 
s e e  h ow  th e  Fre snel reflection w ith  IO R = 3.00 w ould look . But now  w e  h ave to accom plis h  th e  energy 
cons ervation Law  and so w e  h ave to give th e  reflection com ponent a w e igh t according to th e  w e igh t w e  
h ave given to th e  diffus e  com ponent. In th is  cas e  I h ave ch os en 0.800 for diffus e  and 0.200 for th e  
reflection (0.800 +  0.200 = 1.000) energy cons ervation is  correct. But Fre snel Law  says  th at at a 9 0-
degre e  view ing angle, reflection is  100%. O ur reflection com ponent can not accom plis h  th is  Law  becaus e  
w e  h ave given it a w e igh t of 0.200 to accom plis h  th e  energy cons ervation Law , m eaning th at at th e  end 
our reflection com ponent w ill only reflect 20% at 9 0 degre e  view ing angle (w e igh t = 0.200 is  e q ual 20% 
reflection m ax). M aterial 2 doe s  not us e  Fre snel but th e  problem  is  th e  sam e , w e  h ave given a w e igh t = 
0.100 for reflection and 0.9 00 for diffus e , m eaning th at our reflection com ponent w ill only reflect 10% 
m ax.  It look s  lik e  th e re  is  no w ay to accom plis h  both  Law s  at th e  sam e  tim e .  If w e  w ant to h ave accurate 
Fre snel reflection, w e  w ould ne ed to s et th e  w e igh t to 1.000 (100%) but th en w e  violate th e  energy 
cons ervation Law  becaus e  any diffus e  com ponent w e  add to th e  reflection w ould increas e  th e  total 
reflection to m ore  th e  100%.  Th e  solution for our problem  is  th e  Procedural Fre snel s h ader th at can 
accom plis h  both  Law s  at th e  sam e  tim e ... 
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H e re  I created a w h ite  plastic m aterial to dem onstrate  th e  accuracy and easy us e  of th e  Procedural Fre snel 
solution.  Th e  Procedural Fre snel s h ader w ork s  exactly th e  sam e  w ay as  th e  Fre snel in th e  M aterial Panel 
but w ith  th e  advantage th at w e  can h ave m ore  control over it w h en ne eded.  Th is  w ould be  th e  bas ic 
plastic m aterial s etup and th e  im portant part h e re  is  th at th e  Proce dural Fre sne l for th e  D iffus e  Color 
W e igh t h as  to h ave  th e  Low  and H igh  Color inve rte d (th is  is  ve ry im portant).  By ch anging th e  IO R 
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values  in both  w e igh t ch annels w e  can ch ange th e  reflection strength  w ith out h aving to m ak e  any oth er 
ch ange s . Notice  h ow  by increas ing th e  IO R value, th e  diffus e  color gets  le s s  vis ible until it disappears  
com pletely.  Th is  is  predicted by ph ys ical lLaw s becaus e  th e  m ore  reflective an object is , th e  le s s  it s h ow s  
its  ow n diffus e  color.  Anoth er advantage is  th at w e  don’t h ave to care  about our diffus e  color and 
specular color in th e  M aterial panel, becaus e  both  can be  at 1.000 becaus e  th e  Procedural Fre snel is  tak ing 
care  of th e  energy cons ervation and Fre snel Law .  Even m ore , th e  specular color m ust alw ays  be  s et to 
1.000 intens ity!  Now  th at w e  h ave created our bas ic plastic m aterial, adjusting it for our ne eds  is  very 
easy becaus e  w e  only h ave to give it th e  appropriate  diffus e  color and adjust th e  s h inine s s  value to m ak e  
th e  reflection m ore  blurry or m ore  crisp, adding a bum p m ap to it if ne eded and th at’s  it.  Th e  m ain 
difference  in Kerk yth ea is  th at w e  are  creating M aterials, m eaning th at once w e  create  a plastic m aterial, 
w e  don’t h ave to do it again, it w ill w ork  w ith  any diffus e  color or bitm ap w e  give to it w ith out h aving to 
ch ange any IO R value or specular color strength  intens ity!  As  I m entioned before  every m aterial h as  its  
ow n IO R value th at can be  found in optical tables  on th e  internet.  Com m on plastic h as  an IO R around 
1.46 (depending on th e  type  of plastic, th e  IO R can ch ange from  1.46 until 1.66 m ore  or le s s) but for a 
ceram ic m aterial, an IO R = 1.51 w ould be  m ore  appropriate . 

You m ay th ink  th at th is  m aterial s etup can be  tim e  consum ing if you w ant to create  a m ore  soph isticated 
Layered m aterial w ith  Sub-layers .  Not at all, in Kerk yth ea w e  h ave th e  pos s ibility to add m aterials th at 
w e  h ave saved in our M aterial library to our Layer tre e . H ave a look  at th e  next im age th at explains  h ow  
to do it.

W e h ave covered an im portant part of m aterial creation and I h ope  you could follow  all m y explanations  
and s e e  h ow  im portant energy cons ervation and Fre snel reflection are .
Accurate Fre snel reflection is  one  of th e s e  th ings  th at w ill contribute  to a m ore  realistic look ing m aterial 
and as  th e  Fre snel effect is  m ore  vis ible on Box s h aped objects , you w ill s e e  th e  difference  in your 
renders  im m ediately (just th ink  of all th e  objects  th at w e  h ave around us  everyday, m ost of th em  are  box 
s h aped objects  … . Walls, Floors , Furniture’s  … .etc.).  It is  im portant th at w e  tak e  a close  look  at th e  
objects  around us  and s e e  for h ow  th e  Fre snel effect s h ow s  up on th os e  objects  (reality is  alw ays  our be st 
judge!)
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Let’s  h ave a look  at th e  M aterial s h aders  and th e  com ponents  Kerk yth ea offers  to build our m aterials . 
Before  w e  start getting into details, I w ant to s h ow  one  of th e  “Core  Feature s” of Kerk yth ea…

Kerk yth ea lets  you us e  a Color, Bitm ap or Procedural s h ader for nearly all s h ader elem ents  and also for 
th e  Layered W e igh t Ch annels . You can even us e  th em  togeth e r at th e  sam e  tim e  but rem em ber th at th ey 
s h ould not sum  m ore  th an 1.000 togeth e r. Laterw e  w ill s e e  h ow  w e  can us e  th em  to enh ance our 
m aterials .  Th e  w ords  “ s h ader” and “m aterial” are  us ed interch angeably th rough out th is  tutorial.

Am bient color is  an “old” feature  th at survive s  from  th e  days  of scan line  renders .
Th e  original need for it w as  to s im ulate am bient ligh t com ing from  th e  s k y or indirect ligh t in an indoor 
scene . W ith  Kerk yth ea w e  don’t ne ed to fak e  am bient ligh t becaus e  w e  h ave ph ys ically accurate GI render 
m eth ods  but for th os e  w h o w ant to us e  th e  plain ray tracer w ith out GI, it can com e in h andy. Before  you 
can us e  it, you h ave to enable
Am bient Ligh t from  th e  tool bar >  Settings  >  Scene  s ettings  >  Global Settings  
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Diffus e  color is  th e  s h ader com ponent th at give s  th e  color to our m aterial.  Apart from  th e  color of th e  
object, you can us e  it for very diffus e  m aterials lik e  w alls or any m aterial th at doe sn’t s h ow  a specular 
com ponent.

Specular color is  th e  com ponent th at give s  th e  specular reflection part of th e  m aterial.
If you w ant to us e  it in com bination w ith  Procedural Fre snel in th e  Layer w e igh t, th e  intens ity m ust be  s et 
to 1.000.

-INDEX-
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Sh inine s s  repre s ents  th e  m icroscopic surface property of th e  m aterial. Increas ing th is  value w ill m ak e  th e  
m aterial surface sm ooth er and th e  reflection m ore  s h arp and m irror- lik e . Reducing th e  value w ill do th e  
oppos ite  and m ak e  th e  m icroscopic surface m ore  rough  and th e refore  th e  reflection w ill be  m ore  blurry. A 
value of 50 000.000 w ill produce a perfect m irror. Th e  q uality of th e  specular s h inine s s  sam pling is  
controlled w ith  th e  Fuzzy Tracing value located in th e  render panel. M edium  or H igh  w ill give acceptable 
re sults  m ost of th e  tim e . You can s elect an attenuation lik e  Cos ine , Fre snel or None for th e  specular 
reflection. If you w ant to us e  Fre snel, th e  specular color h as  to be  at 1.000 oth erw is e  Fre snel cannot w ork  
accurately and you w ill h ave to us e  an IO R value greater th en 1.000 to get any reflection. If you are  going 
to us e  Procedural Fre snel in th e  Layered w e igh t, th en you h ave to s elect “none” for attenuation becaus e  
Procedural Fre snel already us e s  Fre snel attenuation and w e  don’t w ant to us e  Fre snel tw ice .  

Reflection in Kerk yth ea repre s ents  a perfect m irror lik e  sm ooth  reflection and s h ould be  us ed if you are  
look ing for a very sm ooth  surface th at reflects  perfectly becaus e  it renders  m uch  q uick e r th an us ing th e  
specular color w ith  a h igh  s h inine s s  value
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Refraction is  us ed for transparent m aterials and w ork s  w ith  IO R. An IO R value = 1.000
w ill m ak e  th e  object invis ible (can be  us ed as  an alternative clip m ap). An IO R value = 1.52 is  for 
com m on glas s .

Translucency is  for translucent m aterials and repre s ents  a sub surface scattering be h avior of a m aterial. 
Depending on th e  s ize  of th e  object, render tim e  can be  very long w h en us ing it w ith  Ph oton M apping and 
Final Gath ering, th e refore  Kerk yth ea offers  also a ps eudo translucency alternative th at renders  very 
q uick ly w ith  acceptable re sults . Translucency can be  m apped (us ing Bitm ap) and also w ork  w ith  
Procedural s h aders . Translucency and ps eudo Translucency are  turned off by default and h ave to be  
enabled in th e  advanced s ettings . For Translucency you h ave to go to Advanced Settings  and under Ray 
Tracer >  Standard Ray Tracer >  Sam ple Criteria, turn on Translucency. For Pseudo Translucency you 
h ave to go to Advanced Settings  >  Direct Ligh t Estim ators  >  Refraction Enh anced and enable Pseudo 
Translucency. Translucency w ork s  w ith  Diffus e  color and th e refore  you h ave to us e  th em  togeth e r. You 
don’t h ave to w orry about energy cons ervation becaus e  Kerk yth ea h andles  th at for you and both  can be  
us ed togeth e r as  one  m aterial com ponent. Later w e  w ill s e e  h ow  w e  can create  m aterials th at pre s ent sub 
surf scattering be h avior. Translucency can also be  us ed on s ingle face objects  lik e  paper or leaves , h ave a 
look  at th e  follow ing im age…  
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Transm ittance is  also for transparent objects  but th e  difference  w ith  th e  refraction com ponent, it produce s  
blurry refraction for Frosted Glas s  or oth er blurry transparent objects . Lik e  th e  refraction com ponent, it 
also w ork s  w ith  IO R value s .

Transm ittance Sh inine s s  repre s ents  th e  blurry am ount of th e  Transm ittance com ponent. Low er value s  w ill 
m ak e  th e  object m ore  blurry and h igh e r value s  le s s  blurry until it is  perfectly transparent.  Notice  th at if 
you s et a very low  value for transm ittance, th e  m aterial w ill start to scatter th e  ligh t in all directions  and 
th e refore  you can also us e  it as  a scatter elem ent for your m aterial creation. Fre snel attenuation is  th e  one  
to us e  for m ost com m on m aterials . Th e  sam pling q uality is  controlled w ith  th e  Fuzzy tracing param eter 
located on th e  render panel.

Th e s e  are  all th e  com ponents  of th e  M atte / Ph ong s h ader; let’s  h ave a look  at som e  oth er com ponents  
located in th e  advanced panel of th e  M aterial Editor…  
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W ith  th e  Self Lum inance property, w e  can convert our object into an Em itter (ligh t) by enabling th e  
Em itter option and giving it a color value greater th an 0.000. You can also indicate in w h ich  direction th e  
Em itter s h ould em it th e  ligh t by enabling Front and/or Back  option.  To obtain a pow er for your em itter 
greater th an 1, you w ill need to type  th e  num ber in m anually.  If your render tak e s  too long w ith  Ph oton 
M ap and Final Gath ering renders  m eth od, one  problem  could be  th at you h ave given a s elf lum inance 
value to a dens e  polygon object.  Every triangle face of an Em itter object w ill be  cons idered as  one  Ligh t 
Em itter by Kerk yth ea, m eaning th at every ligh t w ill s h oot th e  am ount of Ph otons  you h ave s et in th e  
Global Illum ination panel! If th e  Em itter object is  a dens e  m e s h , you could even run out of m em ory w h en 
rendering w ith  Ph oton M ap &  Final Gath ering render m eth od.  W ith  unbias ed render m eth ods  lik e  Path  
tracing, Bidirectional Path  tracing and M LT, th e s e  problem s  are  not pre s ented but even th e re  it is  good 
practice  to k e ep th e  am ount of polygons  of your em itter objects  low . H e re  you can s e e  h ow  Kerk yth ea 
h andles  im ported geom etry.
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Absorption is  anoth er im portant feature  and repre s ents  th e  be h avior of ligh t pas s ing th rough  an object. For 
exam ple, if you look  at w ater in a sw im m ing pool you can s e e  th e  bottom  of th e  sw im m ing pool but w h en 
you look  at s ea or ocean w ater; you m ay or m ay not s e e  th e  bottom .  Th is  is  becaus e  w h en ligh t pas s e s  
th rough  an object, it w ill get absorbed and loos e  intens ity and it depends  on th e  object property h ow  fast th e  
ligh t w ill loos e  its  intens ity.  Notice  th at th e  color you give to absorption w ill be  th e  color th at w ill get 
absorbed m eaning th at you w ill actually s e e  th e  oppos ite  color in your m aterial. You w ill need to us e  
absorption for accurate colored Glas s  and also for sub-surface scattering (a.k .a. “ s s s”). A good w ay to look  at 
absorption is  to s e e  it as  th e  dens ity param eter of an object.  Th e  difference  betw e en a transparent and a solid 
non-transparent object is  th e  absorption factor.

Th e  Anisotropic (As h ik h m in) s h ader is  very us eful for m etals and oth er m aterial th at s h ow  anisotropic 
reflection. Th e  difference  betw e en th e  M atte / Ph ong specular s h inine s s  and th e  anisotropic s h inine s s  is  th at 
you can control th e  s h ape  of th e  reflection in th e  X and Y direction. You h ave to enable specular sam pling to 
get accurate specular reflection.  Th e  sam ple q uality is  controlled w ith  th e  Fuzzy Tracing Variable in th e  
render panel (be  aw are  th at th is  s h ader ne eds  h igh e r fuzzy tracing q uality s ettings  th an th e  M att / Ph ong 
s h ader).  Th e  s h inine s s  value for perfect reflection is  100 000.00 (th e  double of th e  M atte/Ph ong specular 
s h inine s s) but norm ally a value of 10 000.000 is  m ore  realistic. (Your m ode l ne e ds  UV coordinate s  for anisotropic re fle ctions)
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Use th e  Dielectric Glas s  s h ader w h enever you ne ed accurate glas s  or oth er transparent m aterials lik e  
w ater, plastic, diam and … .etc.  To w ork  accurately, your m odel needs  to h ave th ick ne s s  m eaning th at for 
a s ingle face object, th e  dielectric Glas s  s h ader can not calculate accurate IO R value s . You can find 
accurate dispers ion value s  (Abe) on O ptical tables .

Th e  Th in Glas s  s h ader is  a special s h ader th at repre s ents  w h at th e  nam e sugge st “th in glas s” (a.k . AGS).  It 
dos  not bend th e  ligh t and th e refore  it w ill not produce caustics  but render tim e  is  m uch  faster.  Th e  IO R 
value w ill only ch ange th e  reflection intens ity of th e  glas s .  Th is  s h ader w ork s  w ell on s ingle faced objects .
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Th e W irefram e  Procedural s h ader is  one  of th e  m any Procedural s h aders  Kerk yth ea h as  to offer.  H ave a 
look  at th e  im age  to s e e  w h at th e  different s ettings  do.  Th e  th ick ne s s
of th e  w ire  is  repre s ented in m etric units  m eaning th at 1.000 = 1 m eter. Enabling Perspective Suppre s s ion 
w ill render all w irefram e s  w ith  th e  sam e  th ick ne s s  (you w ill h ave to increas e  th e  th ick ne s s  very m uch ). 
H ard Edge  Th re s h old lets  you control th e  angle of th e  w ire s  th at w ill be  included or excluded for 
rendering. Th is  Procedural s h ader h as  tw o colors; you can also us e  it as  a m as k  in th e  Layered w e igh t. 
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       You w ill vis it th e  Bitm ap panel q uite  often, h ave a look  at th e  im age  to s e e  all th e  options  it offers .
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Im agine  you h ave m ultiple bitm aps  for one  m aterial, lik e  different bitm aps  for;  th e  m as k , th e  bum p, and 
th e  diffus e  color … etc, if you ne ed to ch ange th e  rotation or scale of your texture , it w ould be  tim e  
consum ing to ch ange every bitm ap one  by one .  Th e  Bitm ap Coordinate panel lets  you m ak e  ch ange s  to 
all Bitm aps  th at th e  m aterial us e s  at th e  sam e  tim e  and you can acce s s  it from  th e  tool bar (turn solid 
rendering on (s h ortcut = “v”) so you can w atch  th e  ch ange s  you are  m ak ing to th e  object) 

Norm al Ram p is  a Procedural s h ader th at let us  m ap th e  Low  and H igh  color according to th e  norm al of th e  
object. By ch anging th e  X, Y and Z  direction, w e  can decide  w h e re  w e  w ant th e  Norm al Ram p to act.  In th e  
im age  I ch anged th e  Low  and H igh  color to red and gre en to m ak e  th e  effect m ore  vis ible .  Th is  Procedural 
s h ader is  anoth er one  th at h as  tw o colors  and th e refore  can be  us ed as  a m as k  or w e igh t for a Layered m aterial.
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Fre snel Ram p w ork s  th e  sam e  w ay as  th e  Fre snel attenuation option w e  h ave in th e  M aterial com ponent 
panel but w ith  th e  difference  th at w e  h ave m ore  control over it.  By default th e  IO R value is  0.000 and 
w ill act lik e  a cos ine  attenuation (us eful for velvet and satin m aterials), to get accurate Fre snel attenuation 
w e  ne ed to s et IO R h igh e r th en 1.000. Depending on th e  IO R w e  s et, Fre snel w ill calculate th e  according 
gradient betw e en th e  Low  Color and H igh  Color. H ave a look  at th e  next exam ple im age…  
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By altering th e  Low  Color of th e  tw o Fre snel w e igh ts , w e  can control h ow  th e  ligh t w ill interact w ith  th e  
object and in th is  cas e  I w anted to create  a m irror lik e  glas s  and th e refore  I h ave to increas e  th e  reflection, 
but by doing th is , I also h ave to reduce  th e  transparency of th e  m aterial (rem em ber th e  energie s  
cons ervation Law ), both  Low  Colors  h ave to sum  at th e  end 1.000. Th is  m aterial could not be  created 
w ith out th e  Fre snel Ram p! 
But th ere  are  oth er s ituations  w h e re  w e  only get accurate m aterials by us ing Fre snel Ram p.  O ne  cas e  is  
“Partial Coverage”.  Varnis h ed w ood for exam ple is  a com bined m aterial and at M icroscopic Surface 
Level th e  varnis h  dos  not alw ays  cover th e  w ood 100% (if you ever h ave varnis h ed a w ood table, you 
k now  th at you ne ed to give it m ore  th an one  pas s). Th is  w ould be  a cas e  of “partial coverage”.  H ave a 
look  at th e  next im age to s e e  h ow  it w ork s…  

Th e  M aterial s etup for transparent m aterials w ith  reflection lik e  glas s  is  th e  sam e  as  w e  did for our bas ic 
plastic m aterial.  Th e  Procedural Fre snel w e igh t for th e  refraction com ponent h as  to h ave th e  Low  and 
H igh  colors  inverted and w e  can do th is  by ch anging th e  colors  or enabling th e  “Invert Attenuation” 
option (I personally prefer to ch ange th e  colors  for better visual distinction betw e en th e  different Fre snel 
w e igh ts). Exit atte nuation h as  to be  e nable d for transpare nt m ate rials but only if th e  transpare nt m ate rial 
re pre s e nts  a non scatte ring m ate rial. For sub surface  scatte ring m ate rials, you ne e d to disable  “Exit 
Atte nuation” .  Norm ally you don’t ne ed to create  a dielectric glas s  m aterial becaus e  Kerk yth ea already 
provide s  a dedicated s h ader for it but som etim e s  w e  w ill need to create  special transparent m aterials th at 
w e  cannot build w ith  th e  Dielectric Glas s  s h ader lik e  th e  m aterial you can s e e  in th e  follow ing im age…
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H e re  w e  h ave to ch ange both  H igh  colors  becaus e  w e  are  creating a non transparent m aterial and again w e  
h ave to produce a balance betw e en both  H igh  colors  and m ak e  sure  th at th ey sum  1.000.  Anoth er w ay to 
produce partial coverage is  to us e  a diffus e/specular m ap.  Th e  next im age s h ow s  h ow  to do it…
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First of all w e ne ed to as k  one  q ue stion, “w h y do w e  ne ed a diffus e  or specular m ap?” 
In w h at k ind of s ituation a m aterial w ould h ave uneven specular reflection? O ne s ituation w ould be  a 
varnis h ed w ood th at got som e  parts  of th e  varnis h  w orn aw ay do to w eath ering or usage  and th is  w ould be  
an exam ple of partial coverage .  In th is  cas e  w e  w ould ne ed to us e  a s econd diffus e  com ponent w ith  th e  
sam e  w ood bitm ap applied as  w e  h ave in th e  bas ic plastic m aterial.  A different s ituation w ould be  a 
m arble floor th at h as  som e  dirt or dust on it.  In th at cas e  w e  w ould ne ed to add a “m odified” m arble 
texture  th at repre s ents  a dirty m arble texture .  Notice  th at w e  only ne ed one  texture  (th e  diffus e  m ap or th e  
specular m ap) becaus e  w e  h ave to us e  th e  sam e  one  in both  w e igh ts  and one  of th em  h as  to be  inverted in 
th e  Bitm ap panel (th is  w ill guarantee  correct energy cons ervation and also produce correct Fre snel 
reflection). M aybe  you are  us ed to us ing tw o m aps  (diffus e  and specular) and I k now  th at th e re  are  a lot of 
Texture  pack s  th at provide s  both  m aps  but as  I dem onstrated earlier, you w ill not get ph ys ically accurate 
re sults  w ith  th e  “old” m eth od by just applying a diffus e  m ap and a specular m ap to th e ir re spective 
ch annels (Fre sne l Re fle ction)

Th is  is  also an exam ple of us ing a Bitm ap as  a M as k , lets  s e e  w ith  m ore  detail h ow  M as k ing w ork s… .
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W ith  a m as k  w e  can s eparate regions  of our m odel to add m ore  th an one  m aterial to it.
W h ite  color w ill let th e  m aterial be  vis ible and black  w ill h ide  it com pletely m ak ing it pos s ible to add 
anoth er m aterial w h ere  th e  black  color is  by inverting th e  m as k .

H e re  you can s e e  a very bas ic s etup, rem em ber th at w e  are  us ing th e  sam e  Bitm ap to m as k  th e  regions  and 
th at w e  h ave to invert th e  bitm ap in one  of th e  Layer w e igh ts .
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Th is  w ould be  th e  s etup for a bas ic plastic m aterial and a bas ic m etal.  Th e  im portant part of us ing m as k s  
is  th at w e  ne ed to be  able to invert it; th is  is  very easy w ith  a Bitm ap
but w e  can also us e  any Procedural s h ader th at Kerk yth ea offers  th at h ave at least tw o colors .  Th is  w ay 
w e  can invert th e  re sults  and us e  it as  a m as k .  Notice  th at you can us e  any grayscale value s  as  w ell w h ich  
m ak e s  it pos s ible to create  m aterials th at fade  into each  oth er.  W ith  a Procedural s h ader w e  can also 
control th e  w e igh t of each  m aterial by adjusting th e  tw o colors  in a w ay th at th ey sum  1.000 at th e  end.
 I w ould lik e  to recom m end tw o Texture  generator program s  th at are  available for fre e . Genetica view er 
and Brick s  and tile s  w h ich  let you generate  texture s  w ith  a lot of different m aps  lik e  Color m aps , Bum p 
m aps , Specular m aps…  th ey w ork  very w ell w ith  Kerk yth ea.

h ttp://w w w .spiralgraph ics .biz/

h ttp://w w w .3d-re k onstruk tionen.de/dow nloads/
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H e re  is  an exam ple us ing th e  Procedural w irefram e  as  a m as k .  Notice  th at th e  colors  are  inverted in one  
of th e  Layer w e igh ts .

Let’s  h ave a look  on h ow  to build a m etal m aterial. Th e  easy w ay and m ore  bas ic w ould be  to us e  one  of 
th e  specular com ponents  from  th e  M atte/Ph ong or As h ik h m in s h ader 
and give it a Fre snel attenuation w ith  a h igh  IO R value (h ave  a look  at page  10 w h e re  you can s e e  th e  IOR 
list from  Th om as  An.).  M etals also h ave Fre snel effect and th e refore  th e  specular color m ust be  s et to 
1.000 intens ity oth erw is e  Fre snel cannot do its  w ork  accurately!  Th e  color of a m etal is  given w ith  th e  
Specular Color but th e  intens ity h as  to be  s et to 1.000.  For dark e r m etals, us e  a IO R value = 10.00.  Th e  
reason I ins ist th at th e  specular color ne eds  an intens ity = 1.000 is  becaus e  Fre snel and th e  IO R value w ill 
calculate th e  reflection strength  at different view ing angles  and if w e  s et th e  intens ity to som eth ing low er 
th en 1.000, w e  are  “interfering” in th e  Fre snel calculation (rem em ber th at at 9 0 degre e  view ing angle 
reflection is  alw ays  100% and if w e  low er th e  specular color strength , th e  re sult at 9 0 degre e  can not be  
100% reflective)
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At th e  m om ent Kerk yth ea dos  not support nk  data (laboratory m easured com plex IO R data) but I k now  
th at it is  on th e  “to do” list and w ill be  available soon.  Anyw ay nk  data are  not th e  “ solution” for 
“everyday” m aterials becaus e  m ost of th e s e  data are  m easured from  pure  elem ents  and th e  m etals w e  us e  
norm ally are  alloys  of different elem ents .  For exam ple 18k  Gold is  not pure  Gold, it is  a m ixture  of 75% 
Gold, 20% copper and 5% s ilver, m ixing th e s e  m etals w ith  com plex IO R data w ill not repre s ent th e  
correct 18k  Gold becaus e  only a m easured 18k  Gold can give th e  correct com plex IO R data. Th ere  are  no 
com plex IO R data available for 18k  Gold or for Bras s  and oth er com m on m etals w e  us e  everyday. 
Anoth er draw back  is  th at nk  data ne eds  m uch  longer render tim e s  becaus e  of all th e  data it ne eds  to 
calculate .  But pleas e  don’t m isunderstand m e , I th ink  th at nk  data can be  very us eful. 
W e can get very close  to accurate m etals by us ing Procedural Fre snel and th e  re sult w ill be  as  good as  
us ing nk  data becaus e  it w ould be  very difficult to say if it is  an nk  data m etal or not.  M etals h ave for th e  
H igh  Color norm ally a w h ite  color but not alw ays , for exam ple Alum inum  h as  a bluis h  color at 9 0 degre e  
view ing angle (H igh  color). W e can us e  th e  s im ple IO R data th at are  available on optical tables  for our 
m etals . Anoth er obs e rvation is  th at it look s  lik e  m etals h ave tw o k inds  of reflection, a blurry one  and a 
relatively s h arper one , both  us ing th e  sam e  colors  of th e  m etal. By ch anging th e  relative blurrine s s  / 
s h arpne s s  and ch anging th e ir w e igh ts , w e  can build a w ide  rang of different m etals . By us ing th e  
Procedural Fre snel, w e  can give th e  Low  Color any intens ity w e  w ant and so control th e  reflectance pow er 
of th e  m etal. Adding a bum p m ap lik e  scratch  to th e  m etal can also increas e  th e  realism  of th e  m aterial (at 
least m ak ing a better bum p I did) but it is  not m andatory to us e  a bum p m ap for anisotropic reflections .
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Th is  exam ple s h ow s  h ow  to build a sub-surface scattering (s s s) m aterial. Th e  bas ic plastic m aterial is  our 
starting point. Depending w h at k ind of m aterial w e w ant to create , w e  h ave to adjust th e  IO R value and 
th e  s h inine s s  value of th e  specular com ponent (ch anging th e  perfect reflection for th e  specular elem ent if 
w e  ne ed m ore  blurry reflection). Instead of th e  translucency com ponent, w e  could h ave us ed th e  
transm ittance com ponent.
Rem em ber th at th e  translucency elem ent can be  m apped w ith  a bitm ap or a procedural s h ader w h ich  give s  
us e  m ore  pos s ibilitie s  th an w e  can explore  h e re . 
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Th ank s  to Giannis  for providing Ke rk yth e a and th ank s
to all th e  m e m be rs  of th e  K e rk yth e a Forum  for th e ir support.
You can join th e  K e rk yth e a Forum  at h ttp://w w w .k e rk yth ea.net

Th is  w as  a bas ic overview  of Kerk yth eas  M aterial editor, th e re  are  m ore  th ings  to discover and th e re  are  
m any th ings  th at I could not include do to lack  of tim e  but I w ill continue  updating th is  M aterial Editor 
Guide .  I w ould lik e  to give som e  trick s  I us e  w h en building m aterials .  First of all it is  alw ays  good to 
study real m aterials, tak e  th em  in your h ands  and look  at th em  from  different view ing angles . To find out 
h ow  rough  or sm ooth  th e  m aterial is  at m icroscopic surface level, try to find th e  reflection of th e  ligh t 
source  on th e  m aterial, depending on th e  blurrine s s  s h arpne s s  of th e  reflection, you can get an idea of th e  
s h inine s s  value you h ave to us e . O ften you w ill not be  able to find an IO R value for th e  m aterial you are  
attem pting to create , in th is  cas e  I alw ays  try to im agine  if th e  m aterial w ould be  m ore  reflective if I put 
w ater on it or if th e  w ater w ould be  m ore  reflective ( im agine  a floor th at h as  be  cleaned w ith  w ater and is  
still w h et, if you can not tell th at it is  w h et, th en th e  IO R h as  to be  h igh e r th en th e  IO R of w ater, if you can 
clearly s e e  th at th e  floor is  w et, th en th e  IO R h as  to be  low er th an th e  IO R of w ater.)  IO R of w ater is  1.33 
. Th ere  is  also a very im portant th ing to k now  about Fre snel effect and th at is , th at th e  effect get le s s  
evident th e  m ore  you increas e  th e  IO R value . IO R value s  above 3.00 s h ow  lee s  Fre snel effect th en value s  
low er th en 3.00 and th e  s h innie s  value (M icroscopic Surface propertie s) also h as  an effect over th e  Fre snel 
effect appearance . Th e  m ore  rough  th e  surface is  on M icroscopic Surface level, th e  le s s  evident th e  
Fre snel effect becom e s   (th e  m ore  rough  th e  m aterial is  , th e  m ore  th e  ligh t reflects  in a diffus e  w ay 
scatters  th e  ligh t uniform ly in all directions  ) th is  is  only a guideline  to h elp out in som e  s ituations  .

                                                 
Patrick  Nie borg 2007
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