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REALITY AND PHOTOREALISM

they are) within a non-photoreal region. But any attempt at creating photoreal imagery, whether 
it is for VFX, games, or visualizations, carries with it the inherent risk of the uncanny valley – that 
little “something” that kills the illusion of realism. That something is often quite elusive. As a VFX 
supervisor I find myself frequently chasing that intangible cause as I review a shot and try to figure 
out why exactly it does not feel quite real. The key here is to be aware of a wide range of factors 
that can affect photorealism. This book examines these factors and provides guidance that can 
help bridge the uncanny valley.

The Detail Conundrum

Nothing embodies the challenge of creating believable imagery more than the huge gap between 
the real world’s level of detail and the constraints of computer graphics. Imagine one of those 
“infinite” camera moves that starts on a single blade of grass and gradually pulls back to reveal 
the clearing, the forest, the hill, and finally the entire mountain range. In the real world, every 
single element that makes up the environment continues to exist regardless of whether it is 
distinguishable in the frame or not. But from a practical point of view, only some of the detail is 
necessary at every stage of the camera move. When the camera frames a single blade of grass, we 
probably only need to create the neighboring plants, and maybe a rock or two in the back. There 
is certainly no reason to create the forest, cliffs, or the entire hill. Conversely, when our camera 
is pulled back all the way and frames the entire mountain range, it does not make any sense to 
create every blade of grass, every rock, and every tree. Although we are looking at trillions of grass 
blades and leaves and millions of trees and rocks, we cannot, from that distance, see any of them 
individually.

We can thus place an imaginary threshold (let’s call it “the bare necessity line”) that defines 
the amount of crucial detail at various distances from the subject. This variable level of detail 
is approached differently in VFX, visualization, and games. In visual effects, the position and 
movement of the camera is usually already known, which makes it easier to define where the bare 
necessity line lies, and create exactly the amount of detail that’s needed for a specific camera in a 
specific shot. However, when elements or environments are created as an asset that is intended to 
be used in multiple shots (and be viewed from different distances), enough detail must be created 
to cover all scenarios. That is normally the case in games, where the camera is roaming freely, and 
real-time performance is paramount. The bare necessity line in games is almost always handled 
through a system of dynamic level of detail (LOD). In such a system, elements have multiple 
versions with varied amount of detail, and the game engine automatically switches between the 
versions depending on the distance from the camera.

It seems then, that the detail conundrum can be solved quite successfully with some careful 
consideration of camera distance and framing, or an effective LOD system. But this is only a 
partial solution. In the context of photoreal digital imagery, the true challenge is not creating 
the right amount of detail for a certain camera, it is accounting for the detail that is left out. 
Let me explain: in the real world, all detail is always there, every little bit of it. While the 
grass, rocks, and leaves in our camera pullback example may not be visible to the camera 
when viewed from half a mile away, they still contribute in a million tiny different ways to the 
perceivable look of that hill. The incredible visual complexity of the world around us is the 
accumulation of all the massive amount of detail at any scale level. When we look at a brick 
wall from a hundred feet away, we cannot possibly see the detail on every single brick. But the 
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cumulative result of all these minuscule features forms a larger assembly that affects the overall 
appearance of the brick wall and gives it that intangible photoreal richness that is so difficult to 
replicate digitally.

Emulating that richness without committing to generating every tiny feature on every scale level 
is a continuous challenge. Moreover, it is a challenge that runs through all of the different crafts: 
modeling, texturing, shading, lighting, matte painting, and compositing. At every step of the way, 
the necessity of adding enough detail is balanced against the limitations of hardware, schedule, 
and budget. And at every step of the way, there are methods, shortcuts, and tricks to keep that 
balance at a good place while avoiding an artificially digital look. The concept of detail is thus at 
the core of photorealism and runs as a thread through the entire length of this book.

The Role of Imperfections

Nature is chaotic and infinitely varied. There are rarely any straight lines, no two leaves look exactly 
the same, no two rocks are identical, every tree is unique, and every cloud is a different shape. 
Surfaces are twisted, broken, muddy, covered with moss, covered with dirt, stained with humidity 
or decay. Man-made objects are of course much more structured and organized: straight lines, 
perfect angles, polished surfaces, uniform colors. But even precisely manufactured objects are 
not perfect: weather, dust, gravity, human interaction, and a whole range of factors allow at least 
some of nature’s chaos to invade our creations. Computer graphics is a virtual medium born out 
of pure mathematics and is inherently perfect. In the world of CG, nothing is easier than creating 
a perfectly accurate sphere with a perfectly shiny, spotless surface. And of course, nothing feels 
more fake. Photorealism therefore requires a persistent “battle” against the default flawlessness 
of CG. This is done at any level – from breaking symmetry in modeling through adding grime and 
dirt to textures and all the way to introducing lens aberrations, flares, and grain at the compositing 
stage.

The closeup detail (right) cannot be distinguished when zoomed out (left). But it is still there – giving this shin-
gled roof the elusive richness of real-world textures.
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Case Study: Detail and Imperfections in Man-Made Objects

Dashboard Piece by Raphael Rau.

© Raphael Rau.

I chose this render by Raphael Rau because it exemplifies the artist’s attention to the kind of 
delicate, almost imperceptible detail that makes CG emulations of man-made objects truly 
photoreal. This dashboard piece is a very simple object – a glass cover, four screws, four 
gauges, and a generic dashboard surface – yet this simplicity is deceiving: CG scenes such 
as this can easily fail the photorealism test, exactly because they contain very little visual 
complexity. Raphael’s image succeeds because of careful attention to a few essential aspects 
of modeling, lighting, texturing, and lens emulation (each of these aspects will be discussed 
in depth in the chapters noted below):

• A depth of field that matches this type of close-up shot but is not overly done. 
It successfully emulates real-world photography, as if the photographer tried to 
maximize sharpness despite the close focal point (DOF discussions in Chapters 10 
and 18).

• Just enough bumps on the dashboard cover to provide a sense of faux-leather tex-
ture, without feeling overly noisy or “bumpy” (Chapter 13, texturing).

• A simple, realistic daylight lighting, suggesting stronger light coming through the 
car window from the top left (real-world and CG lighting discussed in Chapters 6 
and 11).

• Subtle but very effective dust accumulation around and underneath the bolted cov-
er, and equally effective hints of scratches and dust hits on the glass where the light 
is reflected (texturing, Chapter 13).
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• Tiny bevels at the corners and edges of the metal pieces (even on the little screws), 
which enhance photorealism by suggesting rim highlights (specular reflections dis-
cussed in Chapter 5, modeling for lighting in Chapter 14).

Such attention to detail ensures that even the simplest 3D render would look believable and 
photographic.

The Reality of the Unreal
While architectural and product visualizations are generally rooted within the confines of reality, 
VFX and games often depict imaginary worlds: alien planets, futuristic cities, fantastic creatures, or 
environments that do not abide by earthly laws. What role does photorealism serve in the context 
of fantasy and science fiction? Is it still an important factor, considering that the visuals often depict 
things we have never seen or experienced? Photorealism is achieved by studying and mimicking 
the world around us – light, surfaces, atmosphere … but what if these behave very differently in 
the imaginary environment we want to portray? Can we still maintain believability while creating 
otherworldly environments? How can we make the unreal look real?

With all the digital tools we have at our disposal, we can certainly break every rule. We can create 
a world where physical laws are upside down, a world that is so different from anything we’ve ever 
seen, that it makes no sense visually. But it is hard to draw the viewer into such a world. If you 
examine prominent sci-fi and fantasy movies, you’ll notice that the most visually believable ones 
do not break all the rules, but instead maintain certain earthly aspects. Take, for example, Avatar’s 
iconic Hallelujah Mountains: while their most striking aspect (giant forested cliffs floating in mid-
air) is certainly unreal, specific features like the jungle vegetation, rock surfaces, lighting, clouds, 
and atmospheric depth all feel familiar and recognizable. This careful balance between real and 
unreal, combined with meticulous attention to detail, places an otherwise impossible environment 
deep within the sphere of believability. Handled differently, the concept of floating mountains 
could have easily succumbed to overly fantastic visuals or poorly done VFX, causing the viewers 
to distance themselves from the environment. This kind of thoughtful balance between unreal and 
photoreal elements contributes to the success of many other sci-fi/fantasy visuals, for example: 
the folding Paris streets in Inception, the motionless floating alien spaceship in Arrival, the lobster-
roach aliens in District 9, or the environments in games like Horizon Zero Dawn and Crysis.

Inception’s folding Paris streets (top left) and District 9’s alien spaceship (top right) are great examples of a success-
ful visual balance between fantasy and familiar realism.

© Warner Bros. © TriStar Pictures, Sony Pictures.




