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There are a number of new features ithe newmental rayversion 3.5+ that make it eader to make
great r endtkeiatlogksta few dfeedéwlfeatures,and some of thethingsl 6 ve been
using a lot lately.

There have beenalb of things written about ment al ray, and | G
My goal is to be succinct, and to cover some of the essentialsgive you an overview, andet you

going with thispowerfulrendererin 3ds Maxrelease 92008/2009 and Aubdesk VIZ 2008. The best

way to learn is to teach, | believe, so this is an exercise in learning as much as anything else.

Essential Settings

0 Es sent i adthe $himgs that yog shéuld look foand learnfirst when learning mental rayd

will haveBlue Boldt e xt associ ated wi tEbsentidh®etingg ayi Algdohos gk ek |y,
cover all the settings of the renderer | tried to stick to the things | use the most, and there are certainly

things here that are aimed to the other geeks in thevorld.

| will also have Very Important Notes withinlue-bordered text boxes Other notes will simply be offset
wi t h a&NOTEod dr ioght befor e.

Additional Reading

For more details on these features | highly recommend two new books on the subjgRendering with
mental ray & 3dsMax' by Joep van der Steen, and "Realistic Architectural Visualization with 84«
and mental ray" by Roger Cusson and Jamie Cardoso.

A PDF version of this document, antié¢ Max scenefiles used, are at http:// www.4da
inc.conV mental_ray.html. The 'Light Gallery' scenprovidedis a slightly modified version of a mental
ray sample provided with 3ddMax

In Part One we'll look at the general features of the renderer, and Indirect lllumination. In Part Two
we'll look atLighting, includingthe Daylight System and Exposure Contspland in Part Three we'll look
at Materials, including the newCar Paintmaterial, Arch & Designand Watermaterials, among others
Part Four will cover Gl and Caustics.

This document talks about 3dsviax release 2009 and newer, but much subject matter also pertains
to 3ds Max9/2008, Autodesk VIZ 2008 and to some degree Maya 8.5.

mental ray is a registered trademark of mental images GmbFds Max, Autodesk VIZ and Maya are
registered trademarks of Autdesk, Inc.
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WHAT IS MNTALRAY?

mental ray (mr)is a third-party render engine for 3ddVlax, M\Z and Mayawhich provides a number of
enhancements overthe default render enging, including Indirect Illumination (bounced light), Caustic
effects (the concentrationor reflectionof light from a transparentor reflectivesurface), and
procedural effects ranging from water ripples tsub-surface translucency (as wit human skin)
amongmany other things. mental ray is produced by mental Images in Germarman NVIDIA company
www.mentalimages.com

The defaultScanlinerendererin Maxand VIZwork on an imagepixeHoy-pixelone horizontal line one

at a time, from topto-bottom. mental ray, in contrast,r ender s s cen exhpronessorBuc ket s 8 ;
core in your machinetakes asmall rectangularregion of the rendeed image (a bucket) and processes

that portion before moving on to the nexavailablebucket. Brackets appear around each bucket as it

is processing and when the bucket completes itjumps to the next easiest bucketo render (by

default). Here aresome completed buckets, andfour that are inprocessonaquadc or e machi ne é.

Figurel: mental ray bucket rendering

Buckets work independentlyf one another and complete asynchronouslgepending on howlong
each buckettakes to renderin a given CPU coremrwill then pick up the next available bucketo
work on, and so on until the image is completed This image(above)shows a Spirabucket method -
a method thatstarts in the center and works outward$o complete the image The defaultmethod
appears to randomly walk the image, working on the parts that are easiestrianage and this
method giving you a faster preview of youwverallimage as it can work on less complicated buckets
earlier in the render.
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ENABLINGMENTALRAY

In 3ds MaxDesign 2009, mental ray is the default rendering engine, and the materials in the material

editor are, by default, mental ray's "Arch & Design" and "ProMaterials".

For legacy scenes, and if you

are using 3dsMax 2009 or earlier, you may need to seledhe mental rayrenderermanually.

In the samplescenes providedwith this document,mental ray is dready selected

In 3ds Max, F10 brings up theRenderScenedialog. Choose theCommontab, roll-down the Assign
to choose mental ray:

Renderersection, and click the button ...

Advanced Lighting

Renderer

ered Frame Window [ Met Render

ip Exizting Images

Devices. ..

Azgign Renderer

Froduction: Default Scanline Fenderer
Material Editor: |Default Scanline Renderer
bctiveShade:  Default Scanling Renderer

Save as Defaults |

i+ Email Motifications
I'.| + Scripks
@ Production Preset:

 ActiveShade Viewport:lEameraD2 - |E

Render

You can also choose a Preset from the bottom ofdtRenderScenedialog (press F10)that includesa

few mental ray optiors:
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It I'n
-

. I .
#® Production Prezet: mental.ra_l,l.nn:n.glll

] i
Adsmaw scanline no adudnced ighting. draft
Jdzmax. zcanling. no.advanced. ighting. high
JAdzmax. scanline.radiozity. draft
Jdzmax. zcanline radiosity. high
mental. ray. daylighting. draft
mental.ray. davlighting. high
mental.ray. hidden. line. contours
LTINS L= L L L —
mental.ray. no.gi.high

" ActiveShade  “Fewmor:

Load Prezet ..
Save Preset .

As with all settings, it is best to lookt the various mental ray settings to sewhat is changed with
each presetboth to learn what they do, and to see what you may needddjust to get the look you
need.

Anotherway to set mental ray as yaudefault renderer is to go to the Customizepull-down menu, and
select the 'Customize Ul and Defaults Switcher..option, and then choos an option with mental ray:

[#4 Choose initial settings for tool options and Ul layout.

Initial gettings for tool options: Ul schemes:
I
M ax.mentalray ModularT oolbarsl |
Bt ame-dark.
ame-light
MaxStartll

Initial settings for Design & Visualization with the mental ray
renderer

Overview

Almaost identical to the Design & Visualization intial settings, the DesignVIZ. mentalray intial settings are
configured to provide as much rendering performance possible with large scenes, containing many lights
using the mental ray renderer. Your application will be directed towards photo realistic rendering of typical
architectural models.

mental ray Extensions: enabled by default®.

Layers: all objects are created "By Layer™.

Material Editor: populated with Arch & Design (mi) materials, displays reflectance and transmittance
information* [more below]

Lights: all cast raytraced shadows*.

Daylight: defaults to mrSun and mrSky.

Rendering: using the mental ray renderer* with no exposure controls pre-assigned.
Motion Blur: all objects will use motion blur when created®.

Cloning: objects are instanced by default.

Select By Name: display subtree and select dependent are enabled.

i-drop: maps are copied from the i-drop source to the /fdownloads/folder .

Inverse Kinematics: optimized for interactive manipulation.

Viewport Shading: optimized to support many light sources.

Real-World Texture Coordinates: Setto support real-world scaling of UVW coordinates.

4 Set Cancel
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As you switch bet weedhatahumbel of seffings acerctanggdThisddoll s
changes your completMax'VIZ configuration in this caseto use mental ray(and the othersettings
shown) to a newdefault.

The right side of the dialog box optionally changes your Ukend to custonize my Ul quite a bit, and if
you do the samethen be certain to save your current Ul before switching things herdhe 3ds Max
dialog has a few additional options over the VIZ versioi.he "DesignVIZ mental ray" option is the
default in 3ds Max 2009 Design.

MENTAL RAY GENERAETSINGS

For mental ray general settings,@to the Customizeand Preferences.. dialog, then the mental ray
tab:

¥ Preference Settings E]EJ

General | Files | Viewports | Gamma and LUT | Rendering | Animation |
Inverze Kinematics | Gizmos | P35 cript | Fiadiozity | mental ray |
— General

¥ Enable mental ray Estensions

— Rendering
¥ Show Brackets on Current Buckets
v Show Vizual Final Gather Progress

lear Frame “Window Eefore Rendering

—Meszages
v Open Meszage Window on Ermar

v Bhow/Log Information Messages

v Bhow/Log Progress Messages

™ Log Debug Messages [To File]

[~ “wiite Messages to File I~ Append to File

]9 Cancel

I turn off the ©6CI e@ffby&efaaltrfoeMax2009 xas Milke o sde bucketo n
progress with thelast render in the view so | can compareOtherwise it blanks the Rendered Frame
Window (RFW).

Prior toMax 2009, if you do a region renderit will blank the area around the region when the render
completes, andyou'll need to save the region to a sepate file anduse a compositing program to
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paste that region into your original render. Adobe Photoshop or Corel PhotoPaint skills are usually
required in this field.

In Max 2009 mental raydoes do Region without clearing the Rendered Frame Window, eliating the
need for compositing regions in another application.

You can get a feel for what mental ray is doing while rendering by looking at the log that is created.

This also allows you to see any errors or warnings that are producddur n onwf hegdShottons
(previous image)xnd press OK, and then go to the Render pgllo wn and sel ect the Oment a
Message Windowédé option to see the messages as they &
but it will open automatically if there are any eors during the render. As you are learning mental ray

it can be interesting and informative to see what messages are being generatéttiuding warnings

you woul dndét know about otherwise. This can help yol

DISTRBUTED RENDERING

Becausemental ray subdivides of the imageinto buckets, it can distribute the rendering to other
machines, potentially allowing every computer on your network to work amdividual buckets at the
same time (with some limitations).This s known as Distributed Bucket Rendering, @BR

This is just one of the big advantages to using mental ray over the Scanline rendetiee ability to use
additional hardware to get your image completed faster

A little about how it works undethe-h o o d é

When you click on the Render button your scene is translated into a format that mental ray
understands a 'mib'format, and that translated scenedata is passed on to the renderer.3ds Max
can optionally cache (store) the data to the hard drive for latezuse.

In distributed rendering the translated scenedata and associated bitmapsare sent to other machines
whereeachma c h i pnoeedsor corés) will handle the rendering of a individualbucket. The
buckets are managed from the one copy &ds Maxor Maya that you are using. At the remote
computers you need to have either a copy 8fls Maxinstalled, or thestand-alone satellite version of
mental ray. 3ds Max allows you to use 8 distributed CPWgthout purchasing additional stanealone
licenses.

To enable Distributed Rendering/ou open the Render dialog iMax (press F10), and with mr as your
renderer, you go to théProcessingtab and the Distributed Bucket Renderingoll-down section:
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{4 Render Setup: mental ray Renderer |:||E|r5__(|

Caornrmarn | Renderer |
Indirect lllumination Froceszing Render Elements |
-
] = ]
W il
1|+ f Diagnostics | i
H- | Distributed Bucket Rendering |

[v¥ Distibuted Render
[~ Distibuted Maps

'I C:AAutodeskh3ds Max 20095mentalraybmas. rayhosts

s IF'rn:u:Iun::tin:nn - PfESEtZI ------------------------- ﬂ e
ender

" ActiveShade e IEameraEl'I ﬂ E

NOTEAccording to the mental ray documentation with 3ds Mayu mustt ur n  dJee niertad rayo
Map Managebtranslator optioninthed Pr ocessi ngo6 t a Bheskloenake surialnygur DB R.
maps look okay in test renders, though! If you see seams, then keep it dffore on this option later.

NOTEYoumustus e t he o0Use Pl teacsktbroptiahevien Bibg DBR. tMoré on this
option later.

Before it will work you need to add the name or IP address of the remote machines to the 'rayhosts'
list by clicking theAddbutton. Abovel havesix of my machines listedwith five selected for us€(in
blue), giving me fve total machines that will be used for the rendefincluding my local machine) If
you are running 3ds Max 64it, then the target machines must also be x64

Here is a matrix of the mr apabilities of 3dsMaxand VIZfrom Autodesk

VIZ 2008 3ds Max9-2009
Number of mental ray satellites 2 8
Local Processing cores limit for mental ray 4 8

mental ray 101: The Essentials
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Unlimited network rendering or integrated mental ray N Y
via backburner

64-bit architecture N Y

Additional licenses are relatively cheap, and the pricing model seems more reasonable than other
third-party renderers such as VRay or Brazil, bypud | | need to do some math on t ha

Maya Complete 2008 gives two mr processor licenses, and Unlimited givaght licenses.

NOTEVIZ users that need a lot of mental ray power, or have very large scenes requiring more
memory,or want to network render mr scenesshould upgrade to 3dsMax rather than use VIZ 2008.
Since VIZ is now discontinued, an upgrade Bals Max is probably inevitable.The additional
functionality that 3ds Max brings to mental ray makes the upgrade a good value, in my humble
opinion.

NOTEMy experience so fars that ArchvisionRPC content may show up as red boxes if you use
distributed rendering. Archvisionis aware of this, and hopefully this will be fixedome time soon In
this case, use the Split Scanlines option in Network Rendering to use the other computers.

NOTEThe bandwidth used on the networlwith distributed renderingseems pretty reasonable,

althoughwe do use gigabitadapters with gigabit switches. | still tend toBackburnernetwork render to

remote machines rather than uselistributed rendering and use theBackburnerdSplit Scanlines

option for large images.Backburner differs from DBR in that only the local copy of Max is used to

render an i mage, or portion of an i magadSpit t he case
Scanlines multiple machines still work on the one imagend progress is saved along #away if there

are issues with a machineormemoryThe render ©6server® machines need Ma
need a license.

MEMORY MANAGEMENT MNENTAL RAY

Sincethe topic of memorysettings havecome upwith DBR we need to go over a few essential
options. As mentionedn the DBR section(with caveats)two options shouldalwaysbe enabled when
using DBR:

1 Use Placeholder Objects
1 Use mental ray Map Manager

mental ray 101: The Essentials
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¥ Render Setup: mental ray Renderer E|E|@

Cormmar | Renderer |

Indirect [luminatian Praceszing Render Elements |

E Tranglator Options [ .
tdemary Options

¥ Use Placeholder Objects b emarn Limit:ISEIEIEI HME
v Use mental ray Map Manager[ Conserve Memary

USE PLACEHOLDER OBJB

T h &se ®laceholdeObjectsoption allows mental ray tastore your dojects as empty boundingboxes
0 placeholdersd and swap out parts of your scene to conserve memory. DBR wifill work if you

donot

The

us e

t uhowevernmel nst aoln ,i mages sayds. t hat

of this opt idthamental tag mosesd thatconbels yaun ssdnaito r 6

this

i s

mental ray datad to only send to the renderersboundingboxesi(empty placeholders) of the scene
geometry. Once a bucket hits a piece of geometry thatrepresented bya placeholder, then the
actual trandated geometry is passed to the renderer. If needeglaceholdersand their geometrycan

be removed from memory. This can save a lot of memdor mental ray,and reduce network

bandwidth, particularly if geometry is ofscreenor not something a distrituted machine might render.

USE MENTAL RAY MAFRAMAGER

T h é&Jsednental ray Map Mangdioption causes mental ray to only read bitmaps from disvhen they

are needed. It then converts them into a mental ray format and they are held in memory. mental ray

can also remove the map from memory as need.

Turning this Gf prevents mr from offloading the bitmaps, and almaps are held in memory. This can
be faster, as 3ds Max also holds bitmaps between rendering jobs.

Because the algorithms used are slightly diffent between 3ds Max and mental ray, you generally
would not switch between these two methods for a particular image.

My experience with the mr Map Manager is thatlcangéts e ams 6 i n

some

always use this feature. Turning downthelii ma p 8s 6 Bl ur 6 s entalteinativge méyibex e s

to use the 3ds Max Bitmap Pagenstead.

a

MEMORY LIMIT

This is anEssential Setting

This should be set somewhere near the available memdimit on your computer figuring in resident
applications, 3ds Max and mental ray This is the threshold where mental ray will begin to remove

mental ray 101: The Essentials
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placeholders (when used) andlso hitmaps from memoryto make room for more The default is
640mb, and this should be set as highasyoucarcor 4 gb ma cthistm3@®mb. 61 | set

CONSERVE MEMORY

The & onserve Memorgoption causes mental ray to work harder to minimize memory use, at the
expense of additional timan the Translator readingin placeholderobjects and readingAwriting maps

to the hard drive Rememberthat the hard drive is an ordeiof-magnitude slower than RAM, so having
adequate RAM in all computers is essential to optimal speed and efficiency in rendering.

Other Memory Optimizationss

We will cover other memory issues as we hit topitisroughoutthe document.

mental ray 101: The Essentials
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DIRECT ILLUMINATION

As its name impliesPirect lllumination is the light thatshines directly on a surfacdrom a lightsource,
and is not bounced indirect) illumination. Her e i s a night scene with incande:
at 75 watts, and a cylindrical white light in the floor lamp at about 150 watts.:

Figure2: Rendered in mr with only Direct Lighting frolRhotometric Spot lightsn ceiling and aPhotometric Cylinder Area Light
in floor lamp.

This scene ighe mr_LightGallery Directmax scene. With only Direct llluminatiorin a scene the
images is somewhat dark despite a low exposure setting, aackas in shadow are completely dark
(although the cylinder light helps to fill those shadow areas somewhat)

INDIRECT ILLUMINATNO

Indirect lllumination isthe light in your scenethat is reflected off, and/or refracted through objects.

In the realworld, light strikes a surface, some of it is absorbed and the remainder will become the
color of that surfaceand is scatteredto other surfaces Some of it will pass through objects and be
refracted. The lightis partially absorbed reflected/refracted and re-colored again and again until the
light is fully absorbed by the surfaces As it bounces, he changed olor of the lightwill affect the color
of the other objectsit strikes, so, for instance,a bright red carpet will give you a pkatint throughout
your room and light refracted through colored glass will become the color of the glass

In the following inage, you can see the increased illumination in the scene from the bounced lighting,
and also the color splash from the flooring onto the lower edges of the wadisd the ceiling:

mental ray 101: The Essentials
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Figure3: mr_LightGalleryscene with Indirect lumination enabled.

This image used the Indirect llluminatioo Fi nal Gat presetan¥@labal llumination and
hasidentical exposure settings as the previous image.

As you can see, igible areas of your renderingthat are inshadowand not indirect light still receive
illumination bouncedfrom all othervisible surfaces Those previously darkareaswill be illuminated
to some degree and your image is brighter You also have light splashed off of surfaces, and this is
most noticeable on the eiling.

Perhaps 80% of the light that illuminates a space is frofndirect lllumination, and simulating
this process is essential for producing the highesfuality images.

mental ray 101: The Essentials
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INDIRECT ILLUMINATNON MENTAL RAY

Indirect lllumination in mental ray is produced by oner more ofthese technologies
Final Gather(FG)
Global lllumination(Gl)
Caustics
Ambient Occlusior(AO)

6 Fi nal,afBnewilhseershortly,is a preprocess to a rendering that looks from random points on
surfaces out into the scene and collects illumination from other surfaces and light sources, saving this
information for thefinal render pass. At render time hese FG paits are averaged around a pixel that

is being rendered to add indirect illumination to that pixéls f i nal col or

060Gl obal Il luminationdé is often used as a generic terr
type ofindirect illumination. Gl works in the opposite way as FG, and Photos are shot out of light

sources into the scene and bounced around to 6paintéo

used to cleanup and smooth the Gl solution.

Caustics are the effect of light photonghat have been reflected offof or refracted through an object,
and produces effects such as magnifying light through glass, or light reflection patterns off of a water
surface.

Gl and Caustics will only be brieflyiscussedlater in this document

Ambient Occlusion is an Indirect Illumination effect produced inside of mental ray materials, and are
covered in Part 3. In mental ray AO is used for detail enhancement and helps to produce contact
shadows and fine details in objects.

Without using methods of calculating indirect light, brighter and more realistic
renderings must be produced by adding lights to your scene to simulate that missing
'‘bounced' indirect illumination.

mental ray 101: The Essentials
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FINAL GATHER

Final Gather(FG)gives you a free and near zereffort way to addgood-quality Indirect Illlumination to
your scenes. It is often used alone, or combine with Global lllumination (Gl) for highest quality
results.

So, why is Final Gat her in the ©6ment al ray
chapter? First, it is easy to use and second,atlds greatly to your rendered images and should
be used for just about every scene.

FGworks bytaking the viewpoint of apoint on a surfacein your scene,t shoots random rays out into
your scene from thatpoint, it collects the illumination and colors of the surfaces isamples, and stores
that FG data for when thesurfacesare being rendered.

At render timemr averages points it finds in the area around a pixehe averagedFG illuminationand
color valueare then added to the Directillumination to give a final brightness and color

FG isoften used withthe Gltechnology (@scribed later)on interior scenes, and often used alone for
exterior scenes. However, Final Gather works very well by itseli interior scenesithat said, for
interior scenes adding Global lllumination (Gl)can greatly speedoverall renderingtime and improve
the brightness and quality of your images.

Final Gather does requirgour scene to beproperlyilluminated with some form of Direct Lighting for it
to produce results, and for a pleasing and accurate simulation you'll need perhapmaimum one-
third to onehalf of the scene lit with DirectLight.

NOTEmental ray materials that use Self lllumination can produce indirect illumination when used
with FG.

Interior scenes that are lit through a small window, drave minimal lighting from small directd light
sources (a O6film noird scemaynbtproduck goodmesatsvitheus k | a mp,
some help Even outdoor scenes that do not have a lot of direct ligfdnly skylight, for instancejnay

not work as expected or/or may take a bt of time.

In this case, addindights for Directillumination, mental ray thr Sky Portal" lights to windows and
openings fill lights to help illumination,or (even better) just switching orGl, may helpconsiderably
We'll discuss these options in me detail later.

To try the FGfeature yourself,first open themr_LightGallery Directmax scene and render to see
Direct lighting. Then...

EENABLING FINAL GATRIE

In the Render DialogR10), choose thelndirect llluminationtab, and turn on theEnableFinal Gather
checkbox. Then choose &G PrecisiorPreset such as Draft or Low, and increase the number of
Diffuse Bounces Wedll describe these as we go al ong.

mental ray 101: The Essentials
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{- Final Gather |
— Basic

v |Enable Final Gather Multipier.  [T.0 3| ]

— NG Precizion Presets:
1 !\I 1 1 1 LDW
4]

Interpolate Qwer . FG Paints:
Diffuze Bounces ﬂ YWieight:
— Final Gather Map
[ Readfwiite File E Fead Only [FG Freeze]

] bad

Henerate Final Gather kap File Haw |

I =
& =
@
=g M
@ o
m
o o
-
Lo
]
=
“
=)
! =]
T
= =

> a0 [4» Jav

That is all there is to it! Render the scene and see the resuftx yourselg

NOTE If your final gather pass is taking too long, theturn down the preset to Draft, ochange the
Diffuse Bounces to 0 or ], or reduce the rendered image size

The High and Very High presets take a Very long time, and | generally do not use them in a
production rendering. | use Medium for most final renders. If you do not ggtod results with
Medium on interior scenes, then see if you need mr Sky Portals, fill lights, or the addition of GI.
Proper lighting is always the first thing!

HOW FINAL GATHER W(R

Final Gather takesthe viewpoint of the surface beig rendered,shoots a finite number of rays
randomlyout into the scenefrom that point, and collectsillumination and colorfrom the objects it

sees. As the rays travel through your sceneome of the illumination is absorbedand some of it is re
coloredat a new intensity and will propagate through your scene for multiple bounces. The FG rays
follow the inversesquare law for light, and produce a natural decay over distance.

At render time mental rayaveragesthe FGpointsin a small area around each pid to givethat pixel
an Indirect lllumination value. fie more points it stores(Draft to Low to Medium, and so onjpand the
more rays it shoots, the more accurate thEGsolution and the closer to realitythe rendering

Open themr_LightGallery Indirect. maxscene, Rendey and observe the resultsé.
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Figure4: The completed render wittDaylight Systermoutside and a mr Sky Portal addedo the window Medium Final Gather
preset and 2 Diffuse bounces.

One thing that you will notie when you rendewith Final Gatherenabledis that it does therendering
essentially intwo passes. The first pass is theow-resolution Final Gather pass, and after that
completes it goes back and renders the buckets for your final imagesing the FGnformation to add
indirect illumination to every pixel rendered.

This is what the scene looks like during the Final Gather pass.....
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Figure5: mr Final Gather pass with théDraft' FG preset, 2 bounces, and some completed budse

As you can seewith just the FG pass/ou get a pretty good idea how the overall rendering is going to
look, albeit in a lowresolution fashion. The higher the preset, the less grainy the FG pass, but the
longer it will take to produce.

One added baefit to the Final Gathermpassis that it allows you to see a quick preview of what the
Indirect lllumination is going to look like (and your rendered scene) before committing yourself to the
actual Render pass.With the FG you can often times skip the meler pass when doing test renders,

and you can cancel and go back to make adjustments to FG settings, materials and lighting, if needed,
without the long wait you would have for a render pass.

TheDraft FG Preset is great for test renders, obviously, aiMkedium and even Low givgoodfinal
results.

| VISUAL DIAGNOSTICQAIO

To betterunderstand what the renderer is doing with the FG settings, we can use the Visual Diagnostic
tool in mental rayto see what is going on 'under the hood'.

(Reference theimage onn e x t  p Withenéntal ray and Final Gather turne@n and set toDraft,
go to the Processing tab in the render dialog@-10) and enable Visual Diagnosticsheckbox and
choosethe Final Gatherradieo ut t on é . r e.n.@rmedobsénie the resalie én ée

© Render Scene: mental ray Renderer [Z“E|FZ|

Caornrmarn | Renderer |

|ndirect umination Froceszing | Fiender Elements

k4 apping
’V [ Skip Maps and Textures

|- Diagrostics
—izual

I Enatle
" Sampling B ate

" Coordinate Space __[ Size:lTﬂ
" Phatan —_[

¢ BSP [Desth | - |

#® Final Gather
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Figure6: Scene with Final Gather Diagnostics and the Draft FG predeG samples are stored in 3D space.

Here are theFinal Gathersettings for the Draft preset:

] - Final Gather |-

—Bazic

[¥ Enable Final Gather Multipier.  [T.0 3| ]
|'FI3 Precizion Presets:

5 " Diaft
]

Iritial FG Poirt Density: [0 =
Ravg per FG Paoint; IEEI J

Interpolate Owver Mum. FG Points: 3

Diffuze Bounces |2 ﬂ YWieight: 1.0

1k (4 F

=

o> 4>

At each green point shown, the FG process shot 50 raysidmmly into the scene and collected the
illumination and color at those points. Because Diffuse Bounces is set to 2, each ray propagated two
more bounces and collected more illumination and additional color information. The rays take into
consideration he inversesquare decay of light over distance.

With Draft preset, br every pixel in the final rendering mental ray averaging the 30 nearest FG
samples into the indirect illumination for that pixel.

It is important to remember that each point is storechi3D space, and isview dependent I'lldiscuss
this shortly.

Now dhange the FG preset ttMedium, and render the diagnosticsv i e w é .
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Figure7: Final Gather Diagnostic mode, withMedium preset.

Thisdiagnostic modegives you a vsual idea of where it is calculating Final Gather points; areas that
need more definition get more pointsareas with the greatest change in lighting values and contrast
have the highest concentration of pointsas do areas of high detail

Justforcuriosi y 6 s s ake | -sizeémageatthe ¥eryaHigh mdset and Diagnostic mode:

I't took four cores at | east five hours to complete,
eight, as | just let it run andmr/ Max has a bug in itgender Time display.

| could see rendering thid/eryHigh settingFGpass atthis small size and saving the FGdata to be
reused in alargerender. Otherwise, stick with Medium or less, and tweak the values you need to
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tweak. Again, FG plus GI would be a good cbeiif you need the highest quality, but Gl takes some
time to master.

FG VIEW DEPENDENCY

Final Gatherpoints are stored in 3D space and ar¥iew Dependent, in that it computes poistbased

on what it can see in the rendered viewport. Anything that is rexen is not computed, so any change

to the view (an animation or alternate camera angle) requires everything to bectamputed for that

new view As wedll see | ater, there are ways to save FG
alternate camera views equires additional computing. The points are stored in 3D space, and can be

re-used in other views sothat only missing data needs to be addetb those other views.

FG SETTINGS

For those looking for theEssential Settings choosing a Final Gather Presés the way to go. ltis a
great way to see what settings are changed from one to another, and what you might want to tweak. If
you need to, then dig into what each of these settincg

The main settings that are changed with the differefresets are

Initial FG Point Density quantity of FG points in the scene. The more, the bettitle FG accuracy,
but too high greatly increases render timeithout corresponding benefit.

Rays per FG Poinhumber of random rays looking out to the scenieom each FGpoint, collecting
illumination and color. The more, the better.Since the rays are random you need to have a good
sampling to prevent FG points from being too dark or too bright. The next setting helps with this,
too.

Interpolate Over Num. of FG PointsA smoothing between the FG pointsToo high remove
details in shadowsand lighting, reducing contrast, and too low is splotchy.

A FG setting that is not changed with a preset is tiiiffuse Bounces which is the number of times the
light is bounced inyour scene before mr calculates another ray. It increases the brightness and
accuracy of your scene, and values of 1 or 2 are usually sufficient, depending on the time you have
available to render. A value of 5 is about as far as | go. | tend to useethower settings as it produces
an image with better contrast, in my humble opinion.

I'll explain a bit what these settings are...

INTERPOLATE FG POSNT

Since rays shoot out randomly, some will be overly bright because they randomly strike bright
surfaces/lights, and others will be dim for the opposite reason. Interpolation helps to level the
illumination in the FG solution.

After the FG pass and uring the render passpixel FG illumination isaveraged between nearby points
to determinethe indirect illumination of the individual pixel being renderedmr looks in an increasing
radius around the pixel until it collectsite number of FG points required, the Interpolation setting.

ThisInterpolatons et t i ng i s 30 FG points DbtheVéyHghpresettandd doesndt
is then 100. You can, of course, adjust this manually if you want to blend more or less FG points to
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soften or sharpen the FG results, respectfully. Too high of a value witluee illumination detail in
your sceneas it willaverage over a larger areaand too low leaves splotches

Here is avery lowinterpolation value for our scene:

Figure8: Final Gather 'Interpolate’ set t@00 and 1, Medium FG settings

Itis a little like a PaintBall gallery mow, a rendered version of the FG passnd you are seeing the
individual FG samplesnoise filtered, and added to the direct illumination.

Youdl | notice that in the Interpolate=200 side that t
at the baseboard. This side also seemed to take a lot more timas mental ray must look for more
points to interpolate for every rendered pixel.
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DIFFUSE BOUNCES

AnotherEssential &tting that you will want to play withs the 'Diffuse Bounces$ setting. This alows
the bounced light to propagate to additional surfaces, resulting in a brighter scene and a more
accurate solution. Hereare example imageswith five bounces andzerobounces:

Figure9: FGLowPreset with Zerq(right) and 5(left) Diffuse Bounces

Because this wad_owpreset there wasn't much of a time penalty with this scene, however you may
see yourfinal-gathertimes multiply by the number of diffuse bouncesAdding bounces does make a
scene brighter, closer to actual ligting perhaps, but can also reduce contrast in images.

Some diffuse bouncing isssential, and a setting of 2 is not unusubfor many of my scenesand gives
good contrast Leave at O for test rendersgo to 2 for most rendersand go to 4 or 5 for high qality
results. | recommend that if you need high settings for FG bounces other high FG settingsthen
you may want to look ayour lighting, whether you neetb add mr Sky Portalsor fill lights in particulat
or should addGl for a fasterhigh-quality solution.

MULTIPLIERRAND COLOR SWATCH

An optional parameter, Multiplierallows you toadjust the impactFinal Gatherhas on therendered
image, and optionally the colottint of the FG The default is 1.0and white, and is usually okay Here
is a compaison between al.0 multiplier and 0.5, both with2 Diffuse Bounces:
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This0.5 multiplier image rendered without a timedifference, and greatlydarkenedthe scene
Numbers greater than 1 give a brighter image, of course, but also decrease contrast. Téisot a tool
for adjusting lighting levels, and isnstead for tweaking.

Changing the color watclhints the color of the Indirect llluminationto perhaps tone down a heavy FG
6tintdé from a doadpeacialaftecsd Kegping if vehite eagh muttiplier of 1.0, produces
physically correct lighting.

I do not generally adjust the Multiplier value.

WEIGHT

You can reduce theeffect that FGDiffuse Bounceshave overindirect illumination by adjusting the
Weight setting. Weight is a value betwee®.0 (no Bounced Light) and 1.0 (full effect of Bounced
light). This is different than Multiplier, which adjusts the primary FG effect and not the additional
bounces.

| generally do notadjust the Weight value. If you are getting too much splash off ofrgss on an
exterior scene, for instance, this can help tone that down, although you are better off using an Arch &
Design material and adjusting the FG effect for just that material.

Here are renderings witt2 bounces, and 1.0 and 0.5 weight settings respively....
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Figure10: 4 Diffuse Bounce renders with different Weight Values

NOISE FILTERING (SPKKLE REDUCTIOQN

APotentially Essential SettingThe name for this setting is a |little m
as smal dots. Actually this refers to angdjacent FG samples that are very bright or very dim
compared to their neighborsand can belarge or smallsplotches in your rendering

If your FG solution is splotchy or you have some random bright spots, then trytavimg to High, and
then go up from there. It does take more computation time.

—Advanced

Maoize Filtering [Speckle Reductian]: Standard -

[ Draft Mode [Mo Precalculations]

Trace Depth High
. - Wery High
|7 b ax. Depth: |5 J I::a:-c. Eeilect_E:-:tr.emel High

For interior scenes, much of the splotchiness you may experience can only be resolved by
adding mr Sky Portals to the exterior windows and openings, and/or adding some fill lights intd
the scene. mr Sky Portals also greatly increase the brightness of your interior scenes.

AQJSE FALLOBEHECKBOX AND SETTENG

Another setting you should logka Potentially Essential Settindor outdoor scenes in particularis the
UseFalloff (Limits Ray Distance)lt keeps the FG process from looking falistant surfacesthat
reasonably would not add to the FG soluticar go off into space and speedsFGcalculations. These
settings are positioned below the standard Final Gather séihgs in the Render Scene dialog:
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This is similar to the Attenuation value for lights, and adds additional attenuation on top of the inverse

—Advanced
M oize Filtering [Speckle Reduction];
[~ Chaft Mode [Mo Precalculations]

I Standard -

— Trace Depth

Max Depth: |5 2| Max Reflections: [2 3
Maw. Refractions: |5 ﬂ

v Use Fallaff [Limits Fay Distance]

Start; [TE00 2| Stop:

|

square decay of light over distance.

I f you

need to speed up the

FG pttoosmall s, t hi

S

%SAVING YOUR FG DAH@R LATER

This is anEssential Settingto know. mental ray can save and reise FinalGather data, greatly saving

you rendering time You enable this feature by going to the Indirect lllumination tab and enabling the

Read/Write File feature. You need to specify a file name firsand then anynew FG pointscreated will
be addedto that file after the FG pass:

The defaultF i

(RFW) ,

nal

n

[- Final G ather

—Basic

¥ Enable Final Gather Multiplier:  [T0 2[[ ]

"FG Precizion Presets:

Diffuse Bounces |2 ﬂ Weight: 1.0

: ' N ' Medium
L}
Iritial FG Point Density: [oe 2
Rays per FG Point: IT ﬂ
Interpolate Over Murn. FG Points: |3EI— ﬂ

v

— Final Gather Map
v Readfwfrite File g Fiead Only [FG Freeze)
J Asceneassetshrenderassetshtemp. fgm

Generate Final Gather Map File Mow

|
|

Gat h #lalocdden s indhk \gsearieassetd renderassets ' folder of your
current project. Thisfeature can also be enabledwith the checkboxin the Rendered Frame Window

the center, bel ow,

mental ray 101: The Essentials

Wi

t h

a

def aul

t

28

f

setti

e

ng

name



Image Precizion [Antialiasing]:

~ Inzlude in Render — Reuze
¥ Reflections: MaH:|4_ﬂ _E_l [~ Geometry &=l h,.llEdIum:IMIH 1;£?' Ma:-:dl .
v Refractions: MaH:'E_ﬂ E IV Final Gather _\I
Iv Soft Shadows Final Gather Precision:
Iv Final Gather. Bounces: [0 %] = (Custom
| Subszet Pixels [of selected objects) ' ! ! ' j

You can al s@©OndohoeEkeéegR@¢atdhe FG soluti.n, and O6Recycl ¢

When you enable the 'Read Only' checkbox or the Lock icon (RRWA,FG pass of each frame's render
take zero time.

MR SKY PORTALS ANINAL GATHER

This is anEssential Technique

Here is an example of splotchiness caused by a lack of a mr Sky Portal orirgarior scene:

Not only is the scene darker than what you would expect with a scene with a large window and
Daylight lighting, but the random nature of Final Gather causes some samples to see out the
comparativelyverybright window more often than othe samples and creates a very uneven FG
solution. Turning up the FG settings, turning up FG Noise Filtering, or using Gl will not resolve the

situation.
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Enter the mr Sky Portal to solve these issues. It directs more light into your interior scene andggiv
you a much smoother FG solution. It allows you to use a much lower FG settiiag without, which
speedsFG cal cul ation, and |l ets you keep the Filter sett

The mr Sky Port al is covered in more depth in omental

FLICKIR-FREE ANIMATION WIH& LOCK

Onebig advantagewith the ability to save reuse and Lockthe FG datais seen in animations helping
you to create flicke#free FG solutions and speeding up FG calculation immensely

NOTE Flickerfree animation takes many dctors to produce, fromcorrect Sample Rate andHltering,
to the Final Gather settings. This is only one part of the equation.

The technigue br animationsis to do a FG pass omvery5, or 10, or25 or more frames with the

'Read Only' checkbo©ff, then render all of the frames with the checkbox Onin Max 2009 you can

set the OEvery Nth Framed rendemeedandtimnasethe par amet er t
0Generate Final Gather Map File Nowdé butgetings Max wi l
you have in the Common tab.

| - Commion Parameters | i

Time Output

" Single Ewery Mth Frame: Ia ﬂ

# Active Time Segment: 0 Ta 100

Final Gather Map
v Feadafite File H Read Only [FG Freeze]
J Mzoeneazzetzhrenderazeetzhiemp. fgm E

[aenerate Final Gather Map File Haw |

What quantity to use for the Nth Framesetting dependson the speed of your camera and how much
new geometry is exposed pdrame. Remember that FG points are stored in 3 dimensional space and
are View Dependet) only things that are viewable in the rendered window are calculated and
ultimately stored. By rendering every Nth framegoushould be storing enough FG data that the
Interpolation still givesyoua smooth FG solution.
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The FG pass should only be produced by one computer at a time for corresults (do not
network-render to multiple machines). However yoean use Distributed Bucket Rendering to
compute this FG pass much faster, all managed from one machine.

Forlong, slow, walkingdownthe-s t r e et a n i maNth Fstame =2%, énd for intesoes avhere

the camera is panning while moving | 6RGeassesferd 5,

frames in fast areas. You can do different parts of the anation with different Nth Frames settings,
depending on your needsjust keep the lock Offand the FG data will accumulate.

Once the FG passs completed and the Lock option is used, NBEG calculation is dondor any
rendered images. Te precalculated FGdata is re-used, and mr goes directly to the render pass.
Overall ender times drop considerablyas there is no FG pass, and this jgarticularlytrue when high
FG settings were used.

For still imagesif you are rendering multiple camera viewy o u 6edd o Rea&'Writeany missing
information for each view.

If your rendering has dark or bright splotches that you cannot account for, themiay be time to
create a new FG map file. Remember that any bad or inaccurate information stored in the fgm fi}
is never replaced, and only accumulates until deleted.

NOTE:You need to remember to clear the FG data by pressing t'ﬂ or recycle button when
you make changes in lighting, or significant material changes that will afféhe FG solution.

NOTE| have had random occasions where the FG file became corrupt, or one machine on the network
decided to recreate the file, this destroyingthe FG data. It is good practice for any criticdgm file to
copy it to anotherfolder and keep it safe

RENDERING LONG ANIMI®ONS AND HIGFRES STILLS

TheFGOf g filésize can get quite high, and can get to the poimthere amachine may generate a
‘memory allocation'or other error as a result particularlywith 32-bit machines This can hgpen when
calculating FG, oeven at some point while rendering aanimation or highres still with frozenFG
data.

Switching to a combined FG and Gl solution can help with memory issues, as you can often get by with
Low or even Draft FG settigjust to dean-up the GI data. Using the new Importons with FG and Gl
helps even more, as do Irradiance Particlesl(i n Part 4) . As wedl |l talk
can crash your renderer, too.

Reducing the FG Preset settinp Low or even Draftor rendering a lover pixekesolution FG passto
store the FG informatiorprior to the production run and then switching to Read Only for a full
resolution run, can help witmemory issues This is true for stills and animation.
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The best way to manage this process is to use the Batch Render utility and set up eecaimera,
render preset, and file output that you nee

Letds take a | ooké

ECREATING LOWND HIGFRESOLUTION FG PASSWNITH BATCH RENDER

First,in the Render Dialog (F10)%set up your Highresolution renderCommonsettings for the full-size
imagey o ueehtliallyneed. Thenset FGto the Medium Preset and 2 Bounces (for instance)set
Read/Write enabled and Frozen, and set the Sample Rate to perhaps 1 and 16, or 4 and 16 for an
interior.

For determining your high e sol uti on print si ze, 3ds Max p
choose image resolutions, and dotper-inch settings, fa most common sizes of paper. Choosing a
file name in the wizard automatically choos

service bureaus and also will store the DPI information with the file.

Always remember that a pixdbr-pixel image is never required when doing largormat printing, as
the print device will dither (blend) between pixels. Any graininess seen on a computer screen
almost never translates to print graininess because of this smoothing, and a billboard has huge
pixels when seen upclose.
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KM Print Size Wizard [Z|

— Paper Size

i Portrait ® Landscape

Chooze Lnit;

 mm ® inches

Choose DF ' alue:
72 | 150 | 300 | &oo |

Faper Width; |1F_EI ﬂ Image YWidth: |34EIEI ﬂ
Faper Height:lﬂ_l:l ﬂ |mage Height: |22EIEI ﬂ

CFl: |2EIEI ﬂ Uncompreszed file size; 21914 Kb

— Renderning
[+ 5Save File Filez... |54 yEiglmage tif
[T Save alpha Channel [T Compress File
Render Setup... | Render

Now save those settings as a Presethé Render Preset tool is at the bottom of the Rend&i al og 6 s
Common tab. Droglown the list and choose th@SaveP r e s eptiagh.Gave the render preset to a

name, such asYouwwll@anttosade atdeast the Common, mental ray Renderer,
Processing and Indirect Illumination categories:

[t Select Preset Categories E|

Larmmmon

Effects
E nwvironment
Render Elements

Save Cancel
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Thenchange the render Common parameters to a smaller image si@®aintain the same Aspect
Ratio), turn down the Sample Rate to something like 1/4 and 4 (or les¥)ave FGRead/Write enabled
and Freeze Off.Do not change the FG settings, other than the Lock#eze option these should
match. Save thattoapresess uch as OFG Saveo

In the batch utility create two jobs for each camera; one with the FG preseF G S and anéGther
with the render presetdo FG L o c k e d 6 . run tietbatchiortthe FGSavg pass,iahdithen the
highr es F G fozerdgass.d O f

Batch jobs are rendered from top to bottom,
cameras then your batch I ist may get out of
Save passes, then select and run the Lockguhsses separately.

{4 Batch Render ['-_IIEI['5__<|
Add... | Duplicate | Delete |
Marie | Carnera | Output Path Range Resolution | Pixel Aspect | Scene State Preset
Wigw01 Camerall Viewd1,jpg Default Default Defaul: FG Save
View02 Camera0l viewd1_high.jpg Default Default Default Fa Locked

r Selected Batch Render Parameters

[ Overide Preset

Frame Start: [0 2| FrameEnd: [100 El
width: [E30 3 Height: [380 %]
Pixel Aspect: [1.0 £

ame: | Wiew1

Output Path: .. |.'l,renderoutput'l,'\-'iewﬂl.jpg b4

Camera: ICameraDl

Scene State:

L flLe f Lo

Preset: |FG Save

[~ Met Render Export to bat.... Render

The file names dond6t have to be dbdtchrarrineagetfronf o
getting overwritten in case you need it laterY o u  d o ntd@dverwrite a highres renderingthat you
might need with a future lowes pass

ETHE HIGHRES PASS, AND CYA

For the high-resolution pass | find that whatlso works wellis using the Backburnemetworkjo b 6 s
6Split Scan Lines® mpdthedimalimageaeesaent tchddferenznmachines,|
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similar to frames of an animation. A separate Backburner jobasitomaticallycreated to stitch these
strips back together and save the final highes file.

Backburner and Split Scan Lines arEssental Tools.

Backburner is a great utility whether you have one machine or 100@ll you need is a functioning
network or an alwayson Internet connection that gives you an IP addres&ee the 3ds Max
documentation for specifics.

The Split Scan Linesoptions i n the Network Job Assignment window.
to choose how many strips will be created:

— Pricrity
50 = ™ Crtical  Depsndencies
— Optionz
[~ Enabled Hotifizations [efine
Iv Split Scan Lines Define
| lgrore Scene Path v Bendered Frame Window
[ Include Maps [ Initially Suspended

Rendering toSplit Scan Lines can help machines with smaller memory sizes handle the bigger images,
as the Render Frame Window and ass@téed buffers are only as large as the strip. This combined

with a lowerresolution FG pass, can helgreatlywith memory issues.Turning off the RFW will also

save memory and a small amount of render time.

The Split Scan Ines option has a few additionahdvantages in that it eliminates the need to use
Distributed Bucket Renderindalthough you can use thatand with Backburneryou canuse all your
machineswithout mental ray license limitationsand can render with 9,999 machines without
additional licenses. DBR requires mental ray licenses beyond your 8 external processors.

Split Scan Lines also helps to protect you from losing a lengthy higis render if a machine crashes or
cannot handle the full image after rendering for a while. It happens.

With Split Scan Lines
essential tool.

, if a machine crashes
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CONTROLLING FG CAIL@TIION

You can control whether an object creates or accepts FG data through theividual ObjectProperties

dialog:

4 Object Properties

General | Adv. Lighting | mental ray | IJzer Defined |

— Final Gather

“When Object iz Hit by a Final Gather B ay:
#® Feturn Object Color [Physically Comect]
" Return Black
£ Pass through [Invisible to FG)

¥ Fieceive llumination from Final Gather

L= 1 (w4 T T Ca]u =W 0 1) =L W LS
[T Exclude from Caustics
[T Generate Caustics
[ Receive Caustics
[~ Exclude from G
v Generate Global lumination
v Feceive Global llumination

— Dizplacement
v Usze Global 5ettings

Edge Length: |2.D ﬂ pirelz

¥ “iew-Dependent ¥ Smocthing (Turn CFF with Height Maps]

bl aw. Cizplace: I'I'E.IJ" ﬂ hdaw. Lewel:

[F 3

Rightclick on an object and choose the Object Properties option in the quatknu to get tothis

dialog.

If you have an object that is far away or is animated, you may want it to receive FG but not contribute
to or affect FG saving time and memory It will get interpolated FG data.This is alsouseful for objects
like high-poly treesor polygm-based lawns, where you might pasthrough the calculationto a base

object, but receive the FG illumination bounced from that base.

In the mental ray O0OArch & Designodo mater.i

calculation for surfaces wth that material:

|ndirect [lumination Options

FG/GI multiplier: [T0 2 |
FG Quality: [T0 2 |
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This feature isnot available in other materials, including the ProMaterials.

GLOBAL ILLUMINATION

Figure11: Daylightscene with Low FG and 0 Bounces, and Global lllumination.

With FG, mental ray took the pot of view of the surface being rendered, looked out into the scene,
and computed indirect illuminationfrom the rays it cast

G|, in contrast,works from the light source and shoots Photongays of light energy and coloihto the
scene and bounces then around to compute indirect illumination. The photon method is closer to
what happens in nature and photons can trace through reflections, bend through refractions, arzde
absorbed and reflected in a scenePhotons are needed to generate Caustic effex; too.

Unlike FG, Gl is not viedependent and the entire scene andts light energy is computed at oncéor
all geometry and lights This can be saved for reuse.

With Gl you need Photon Generato(Bghts & ideally photometrig, and objects enabled tgroduce
and use GIl. Right click on an object and go to Object Properties, then the mental ray tab:
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9 Object Properties

General | &y, Lighting | mental ray | IJzer Defined |

— Final Gather
"When Object iz Hit by a Final Gather B ay:

® Feturn Object Color (Physically Comect]
* Return Black
= Paszs through [Invisible to FG)

v Receive lllumination from Final Gather

— Cauzticz and Glabal Hlurmination (G
[T Exclude from Caustics
[T Generate Caustics
¥ Feceive Caustics
[ Exclude from Gl
¥ Generate Glabal lumination
v Receive Global llumination

= Leplacerment
¥ Usze Global 5ettings
¥ “iew-Dependent ¥ Smoothing [Turn DFF with Height Maps]
Edge Lenath: IT ﬂ pivels
taw. Dizplace: Wﬂ Faw. Lewel: IE—ﬂ

You can enable the effect per objeas shownabove or you can enable it globally from the Render
Scene dialog (F10) and turning on th&l Enable and thé'All Objects Generate & Receive Gl and
Caustics" from within thdndirect Illumination tab and theGl group:

Geometry Properties
’7 [w &l Objects Gererate & Beceive Gl and Caustics

I have not enabled Gl in many scenes at this point, and have been sticking primarily with Final Gather
for my scenes. Ideally FG and Gl woulé hised together for interior scenes and certainly deserves
consideration, but will need more space and time than | have to describe at this poifithis will be
covered in Part 4 of this series.

CAUSTICS

Caustics is an Indirect lllumination functionand uses photons tosimulate the concentration of light
through transparent objectrefraction) and scattering of light off of reflective surfaces. Examples
would be magnifying glasses and light through the wavy surfacewsdter projected onto the ocean
floor, and reflection oflight off of the water onto objects.
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Causticswill not be coveredn Part 1at this point, but is covered in Part 4Here are some random
Caustic and raytraced transparent effects:
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