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The Last Of Us

 Action-adventure game from Naughty Dog

» Post-apocalyptic world, mankind decimated by
a fungal infection

o <trailer>

—_—

The Last Of Us is an actiadventure, survivahorror game, with a heavy emphasis

on story and characters. It takes place in the near future, where mankind has been
decimated by a mingontrollingfungusL ¥ @2 dz Ki BSyBKY&S8EFI T K
AK2NI GNF Af SNX



The Last Of Us

» Post apocalyptic world: no electricity, almost no
artificial light sources

» Strong art direction: lots of ambient lighting,
interiors lit only by bounce lighting

« Wanted to show the beauty of it: specular
highlights, high frequency details from normal
maps, soft shadows

Since the game takgdace inapost LJ32 OF f @ LJGA O 62NX R GKSNBQ
so no artificial light sources. The majority of the lighting comes from the sun and the

sky, so most of the environments are lit just by bounce lighting.

There was a very strong art direction: we wanted to show the beauty of this lighting,

its softness, how it interacts with different surfaces, the soft shadows it creates. We
wanted to show specular highlights of the indirect illumination and show all those

subtle details modeled with normal maps.
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As you can se@|l the lighting is very soft, but you still get a very clear read of all the
surface details.



Lightmaps

» To achieve the highest quality lighting, we used
precomputed lightmaps

» Popular for years, but they still suffer from a lot
of really basic problems

From the very beginning, we knd¥at to achieve this level of quality, relying purely

on runtime lighting would not be enough. We knew that we had to compute our

lighting offline, so we decided to usghtmaps

The problem witHightmapsis that even though the game industry has been using
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« Seams for example

* Parts of mesh that are
connected in 3D can be
disjoint in UV space

» Difficult to ensure same
values on both sides of the
seam

+ Seamless atlasing methods
either too restrictive or too
expensive

Like theseans: the discontinuities in the lighting.

It can happen that parts of the mesh that arentiguousin 3D space are mapped into
disjoint regions in UV space, and the interpolated lighting values along split edges
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While methods to deal with this do exist, they either generate additional cost at

runtime or impose restrictions on shape and/or placement of chartsvispace,

leading to inefficiencies in thev space usage, which we wanted to avoid.

Seamlessitlasingmethods can be used but with the size of our levels, they were too
costly to integrate into our pipeline.



* If the interpolated
values don’t match,
let’s just make them
match!

* Modify the texel
intensities slightly, so
that interpolated
values on both sides

are equal

We found gpretty simple, yet effective solution: if the interpolated values on both
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intensities of the surroundintgxels
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* We create "stitching points" along each split edge and define an error function as a
sum of squared differences of interpolated texel values for those points
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three points pertexel, since the bilinear interpolation follows a quadratic curve).
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chart on the left, CiO, is the interpolated value of four surroundexgls marked in

blue.

Same with the value on the other side of the edge: Cil.

We want Ci0O and Cil to be equal.

We can define the error for this stitching point as a squared difference between

them.

And then we define the error function for the whdightmap, which is the sum of

the errors for individual stitching points.
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Once we have the error function we simply minimize it gseast squares, treating
texelvalues as variables. The optimization modifiestthe| values slightly and
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deviate from the originally calculated ones, we add additional constraints that

penalize deviation from the calculated values, with a us@Ertrollable strength.
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generate any additional cost at runtime; it can be easily applied to already existing

maps.

¢ KA & A ay btmapsithe inatid canl i used on other types of maps as

well.
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