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Hi, I am Ondra, and I am the creator of the Corona Renderer. My part of thiscourseis
aboutwhat changedin the archvizindustry in the last 4 years.
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WHAT IS CORONA?

ÅModern realistic renderer focusing on archviz

(1)

Just for a quickintro, Coronaisa modernrealisticrendererfocusedon architecture
visualization. It allowsusersto createbeautifulimagessuch as these.
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TOUGH BEGINNINGS

ÅStarted 9 years agoïschool project ïone man show

(2)

First office: Celebrating v1 release:

I started developing Coronaabout 9 years agoas a one-man show school project. The 
beginnings were tough. Just to illustrate, hereisphoto of our first office, and of our
celebratindiner whenwe releasedversion1.0.
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OUR LAST 4 YEARS

ÅCommercial release of Corona, founded company

ÅBig clients, big projects

ÅJoined forced with Chaos Group/V-Ray

(3)

We were eventually able to pull through, started a company, and released Corona 
commercially. In the last 4 yearswe got somebig clientsand sawCoronausedin 
somehigh-profile projects- shownhereis the RollsRoyceVision NextHundred. 
Finally, about a year ago, we joined forces with Chaos Group.
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CORONA TODAY

ÅTogether with V-Ray: most popular archviz renderers

Å15 developers

(4)

Today, Corona and V-Ray are the most popular renderers in the archvizmarket, and 
we have about 15 developers working on it.
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CORONA 2014 TALK

ÅMission accomplished ;)

ÅEase of use: huge focus

ÅWhat else changed since?

ŀWhat we changed?

(5)

I actually had a talk here at SIGGRAPH in 2014, where I claimed that the successwe
had backthen is due to its ease of use. Thisproved to be true, and now practically
everyonerecognizesthis and focuseson usabilitythe samewayCoronadid. So 
becausethis isnow obvious, I would like to talk about some other, more complex 
changes in the architecture visualization fieldthat we observed, or evencaused.
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IRRADIANCE CACHING Ą DENOISING
ñOr how we learned what makes an algorithm the user favoriteò

Thefirst and most obvious change is that we changed the rendering algorithm. 
Specifically, we replaced irradiance caching with denoising. I want to start with this 
because it nicelyillustrateswhat qualities users like about rendering algorithms.
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BEGINNING: IRRADIANCE CACHING

ÅOnce golden standard

ÅStores lighting in scene records, reuses for nearby points

(7)

Interpolating records: Records placement:

The story begins with Corona implementing the irradiance caching algorithm 
sometimes in 2010. It was the golden standard of archvizrendering at the time, and 
everyone had it.

Irradiancecachingaccelerates path tracing by storing the computation results in few 
scene points and reusing it for nearby pointsas youcanon left. Thismeansthe
lightinghas to becomputedonly in sparseset of pointsas shownon right.
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ÅCauses many problems, cumbersome

ÅRemoved from Corona

ŀOther renderers followed

(8)

REMOVING IRRADIANCE CACHING

The speedup can be massive, but the reuse is also causing many problemslike the
artifactsshownhere. I was never able to solvethese problemswhile keepingthe
algorithmfast, and in the end, I just removed the whole caching algorithm. Other 
renderers soon followed us, and irradiance caching quickly disappeared from the 
market.
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NOW: DENOISING

ÅBlurring to remove noise (post processing)

ÅInhouse denoiser, Nvidia AI Denoiser

ÅUniversal praise from users

(9)

Then, actually unrelated to this, denoising algorithms started popping up. They 
accelerate rendering by selectively blurring the image in post processing to get rid of 
the noise.We haveboth our own high-quality denoiser and alsouse NvidiaΩǎ Ŧŀǎǘ !L 
denoiser. Bothare now widely used and praised by our customers.
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ALGORITHMS RECAP

Biased
Irradiance caching

Bad

(10)

Biased
Denoising

Good?!

Unbiased

ÅWhy?

ÅBias does not matter, but other factors do

When you think about it, we started with algorithm that blurs the global illumination 
and removesnoise at cost of bias, then we switched to unbiased approach, and then 
switched back to image blurring noise removal.

This begs the question: what caused the users to reject irradiance caching and praise 
denoising?It turns out, bias is not important here. Users do not care about bias, at 
least the way it is defined in research community. We learned that there are other, 
more important criteria
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EASY SETUP

(11)

Irradiance caching UI Denoising UI

First irradiancecachingisnotoriouslyhard to set up properly. Hereisexampleof real
UI from productionrenderer. In it usershad to balance many sensitivity parameters, 
and if theygot it wrong, it wouldproduceuglyartifacts. Denoisingon the other hand 
has almostno parameters, as shownon right . Thisisall we havein Corona, and you
canseethat it is incredibly easy to set up.
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SCALABILITY: COMPLEX SCENES

(12)

ÅDenoising: mostly incluenced by image resolution

ÅIrradiance caching: penalties for complex geometry, glossy surfaces, é

Next is scalability or robustness. Users sometimeshaveto create extremely large and 
geometrically complex scenes, like forests, entireairports, or city blocks, and they 
need to render them with reasonable speed. This is easier for the denoiser, because it 
just operates on the rendered 2D image, so its runtime is mostly influenced just by 
the image resolution.Irradiance caching on the other hand had to coverevery
geometry detail with records, otherwisetherewouldbeartifacts, so these scenes
camewith massivespeed penalty.
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FLEXIBILITY: ADJUSTABLE STRENGTH

ÅIrradiance caching: 100% smooth, smudgy look

ÅDenoising: nonbinary, can be applied with different strengths:

(13)

100 %33 % 66 %0 %

Another important aspect is flexibilityand control overresult. Irradiance caching 
made the image always completely noise-less. This creates smudgy and artificial look 
that every artist wants to avoid. In our denoiser, we added a simple slider that blends 
the denoised and original image together and it turned out to be the killer feature. 
Almost nobody wants to apply 100% denoising. People just move the slider to get the 
best balance between noise and smudginessas shownhere. 
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ÅDenoising

+ No precomputation

+ Strength determined after rendering

+ Quality determined by render time, not before rendering

ÅIrradiance caching

ðEverything set up upfront

ðNo way to remove, fix bad settings after render

(14)

INTERACTIVE/PROGRESSIVE WORKFLOW

Which brings me to the last point, interactive and progressive workflows.Denoising
has no precomputation phase, so it can be used with realtimeand interactive 
rendering. Users can first renderregularimage and ony then choose if it is necessary 
to denoiseit. And if they try it and itfails, they can actually continue rendering for a 
while longer and then try again. With irradiance caching, all parameters have to be 
set in advance. You select parameters and then you commit to them. If they do not 
work, the entire image is lost and you have to try againfrom beginning.
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RENDERERS BECOMING ECOSYSTEMS
ñOr how I forgot the rendering equationò

Next, I want to talk about how the complexityof renderersincreasedand how they
becamecomplexecosystem, wherethe actualrenderingtakesjust smallpart.
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ÅHost application with plugin architecture:

ŀRendering plugins

ŀGeometry plugins

ŀShader plugins

ŀLight plugins

ÅCommon API dictated by host application

ÅPlugins: blackboxes using the API

ÅRenderers did just rendering

(16)

HOST APPLICATION ECOSYSTEM

To understand what happened here, we first need to look how the situation was few 
years ago. Corona started as a plugin for 3d studio Max. Thisand other similar
applicationshaveplugin architecture, and there are multiple rendering plugins, 
geometry plugins, shader plugins, lights, and so on. Basicallyeverythingisplugin. The 
host application glues it all together by providing a common API, and the individual 
plugins behave as blackboxes.

This has advantage that the renderer can besimple, because it doesjust the light
transport. This is how Corona used to be in the beginning, just the renderer, with 
single custom material, and custom light object.
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ECOSYSTEM PROBLEMS

ÅGrowing user requirements

ÅAPI did not evolve to cover new needs

ŀMillions of instances

ŀTracing rays from shaders

ÅNeed for out of the box solution

(17)

But we soon encountered more and more problems with this. Users requested more 
and more features, and some of them were impossible to do in the provided API, 
because it did not evolve over time to cover these needs. For example for us it was 
impossible to trace rays from shaders or instance geometry efficiently.Also users
ŘƻƴΨǘlike whenwe recommendthem somecommercialthird party solutionto their
problems, as they wouldpreferanout of box solution.
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RENDERER-CENTRIC ECOSYSTEM

ÅCorona now: 44 plugins, 9 executables

(18)

Over time this lead us to develop many additional plugins, like custom color picker, 
object listers, custom geometry proxy, and so on. Overall we now have 44 plugins in 
3ds Maxand 9 separateapplications, and just one of them is the renderer.Thisslide
ŘƻŜǎƴΨǘevencomecloseto showingeverything.
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SIMPLICITY VS. FLEXIBILITY

ÅPoint of conflict in archviz community

(19)

Simple UI: Flexible and powerful shader:

This brings us new challenges, the most difficult one being whether to choose 
simplicity or flexibility when adding new tools.Forexample, whenwe addnew
shader: do we createsimple, streamlinedinterface like on left, or do we go for
complexinterface show on right with lot of multipliers, switches, and so on, covering
everypossibility?

I think therewould beno discussionin VFX, everyonewould just go for the versionon 
right, but in archviz, this actuallydividesthe community, and we mayhave50% 
preferringleft option, as it iseasierto use for novice and non-technicalusers.
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SIMPLICITY VS. FLEXIBILITY

ÅMain problem: Render settings

ÅArtistic controls, workflow improvements 

Ą apparent complexity increase

ŀUser complaints 

(20)

Corona Alpha v6

2014

Corona v2

2018

These issues are most critical in the corerendersettings, sinceit iswherepeople
historicallyexpectunintuitiveparameters. Weactuallyremovedsuch parameters
overtime, but we werealsoaddinglots of artistic controls and tweaks, such as 
material overrides, masks, distributed rendering, etc.Thiscausedthe renderdialog to 
get longer. Eventhoughthe software is now more powerfuland easierto use, when
youcomparethe two rendersettings, the apparentcomplexitystill increased, and we
got somenegative reactions.

These different UI preferencesmightbe the mainlimiting factorwhentrying to create
universal rendererfor both Archvizand VFX ςit wouldprobablyneed2 different UIs.
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ARCHVIZ ECOSYSTEM NOW

ÅStill plugin ecosystem, but renderers dominate

ÅUsers expect additional plugins

ÅFunctionality previously handled by 3rd parties

ÅPositives: 

+ Closer to the out of the box solution vision

ÅNegatives:

- Apparent complexity

- Defocus from light transport

(21)

So, to sum this up: while we still have the plugin ecosystem, it is now dominated by 
renderers. And it is expected for renderers to now come with many additional 
bundled plugins, and to evenprovidefunctionalitypreviouslyprovidedby third party 
plugins. This is actually close to the out of the box solution vision, but it also makes 
the renderers look more complex than they really are, and it is huge distraction for us
from improving light transport. We actually spent way more time on the ecosystem 
lately than on work related to the actual light transport.
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IN-RENDERER POSTPRODUCTION
ñOr how we implemented our own little Photoshop sideprojectò

There are 2 particular subtopics in the ecosystemthat deserve special mention. First 
is the issue of postproduction, and how it recently moved from 2D applications into 
renderers.
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OLD WORKFLOW

ÅRender rough image

ÅPost: background, foliage, people, details, mood, ...

(23)

In past, the traditional workflow in archvizwas to render only rough image, and then 
photoshop in details such as trees, people, and backgrounds. The tone mapping was 
also done outside of renderer. This was done at least partially becauseit wasjust 
impossibleto rendereverythingwith toolsbackthen, but it also produced unique 
artistic style, as you can see on these images by my colleague.
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WORKFLOW NOW

ÅRenderer performance, sophistication, assets improved

ÅIn-renderer vegetation, details, people, é possible

(24)

Now, when the rendering technology improved, it became feasible to just render 
everything, as shown in these more modern examples. And lot of people started 
working like this.
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WHY IN-RENDERER POST PRODUCTION?

ÅClients want 2-3 times more images per project Ÿ more manual labor in 2D

ÅPhotoshopping VR images impossible

ÅPost production moved into renderer, many new options

ŀCustom backplates

ŀTone mapping

ŀLens effects

(25)

The question is, why do people prefer to do as much work as possible directly in the 
renderer? We investigated this when we noticed just how many postprocessing 
feature requests we were getting.Thereare somegoodreasonsreasons. Clients
todaywant more images per project than previously. It is common for 2 or 3 times 
more images to be delivered per project now, compared to past. So that is2 or 3 
timesmore time spentin Photoshopin the old workflow. Anothergoodreasonis that
virtual reality images are now commonly created, and those are impossible to 
photoshop.

As a result, had to implement various post processing options such as ability to 
override backgrounds, more advanced tone mapping, and lens effects simulation.
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