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The Problem With Realism

I've spent years watching images fail.

Not fail technically—fail perceptually. An 8K render with perfect ray-tracing that feels
hollow. A deepfake with flawless skin texture that makes your stomach turn. A generative
Al video where nothing is technically wrong, yet everything feels impossible.

Meanwhile, a grainy 1920s silent film shot on primitive cameras feels undeniably real.

This contradiction haunted me until I understood: realism is not about resolution,
rendering power, or technological sophistication. Realism is about constraint
satisfaction.

The world we inhabit operates under physical laws—thermodynamics, optics, gravity,
biology. Our visual system evolved over millions of years to recognize these constraints
instantly. When an image honors them, we perceive reality. When it violates them, we
perceive fakeness, no matter how "photorealistic” the surface appears.

This theory applies universally: to traditional cinema, to photography, to fine art, to VFX, to
3D animation, and yes, to generative Al. The laws existed long before computers. They will
exist long after today's rendering techniques become obsolete.

What follows is not a tutorial. It is a description of the invisible architecture that makes any
visual stimulus feel real.

The Six Axioms of Cinematic Reality

Axiom 1: The Temporal Causality Constraint

Statement: Visual reality must obey the thermodynamic arrow of time.

Time flows in one direction. Entropy increases. Cause precedes effect. These are not stylistic
choices—they are fundamental physical laws encoded into every visual sequence we've
ever witnessed.

Your brain expects:

e Broken objects stay broken
e Liquids flow downward, following gravity and entropy gradients
e Fire burns forward in time



e Shadows appear after light sources illuminate
e Agingis unidirectional
e Damage accumulates

When an image violates temporal causality—when a puddle forms without a source, when
an explosion collapses backward, when shadows precede light—the visual system detects
this immediately as non-physical. The image fails.

This is why time-reversed footage feels deeply wrong even when every frame individually
looks normal. The sequence violates the second law of thermodynamics that establishes
temporal asymmetry.

Application across mediums:

¢ In traditional cinema, continuity editing respects causal flow

e In animation, action-reaction timing honors physical causality

¢ In digital generation, temporal coherence between frames must preserve entropy
increase

Axiom 2: The Predictive Precision Principle

Statement: Perceived realism emerges when visual input minimizes prediction error
within the hierarchical Bayesian architecture of the human brain.

The brain does not passively record visual input like a camera. It actively predicts what it
expects to see, then measures the difference between prediction and reality. When that
difference—the prediction error—approaches zero, the image feels real.

This is grounded in how the visual cortex processes information. V1 through V5 implement
a hierarchy where higher areas send predictions downward, and lower areas send residual
errors upward. Learning occurs when errors are minimized.

Natural images possess specific statistical properties:

e Power spectrum following 1/f* distribution (scale invariance)

e Hierarchical structure with information concentrated at edges and material
boundaries

e Spatial frequency distributions matchinglearned environmental regularities

e Phase relationships between orientations that satisfy natural scene statistics

When these properties are violated—when textures are too uniform, when information is
distributed flatly across scales, when spatial frequencies are wrong—the brain registers
elevated prediction error. This manifests as the feeling of "fakeness," "uncanniness," or "Al-
generated."

Application across mediums:

e Traditional photography naturally captures these statistics through optical physics

e Painted art that "feels real" intuitively honors learned regularities

¢ Digital renders must reproduce natural image statistics, not just surface appearance

e Al models that ignore hierarchical information structure produce images that feel
wrong even when pixel-perfect



Axiom 3: The Physical Light Transport Invariance

Statement: All visual radiance fields must satisfy the rendering equation and fundamental
light transport laws.

Light behaves according to Maxwell's equations and classical optics. It follows inverse-
square falloff. It obeys Lambert's cosine law. It conserves energy. It travels in straight lines
unless refracted or reflected according to material properties.

These are not preferences. They are physical constraints that govern every photon that has
ever entered a human eye.

Your visual system expects:

¢ Light intensity decreases with the square of distance from source (I « 1/r?)

o Diffuse surfaces show brightness proportional to angle from normal (Lambert's law)

e Total outgoing light cannot exceed incoming light plus emission (energy
conservation)

e Reflections appear at angles determined by surface normals and material BRDF

e Shadows occur where light is occluded

e Materials have characteristic reflection properties (metal is specular, wood is matte,
water refracts)

When these laws are violated—when a shadow appears in an impossible location, when a
surface is brighter than its light source, when reflections don't match surface geometry—the
image registers as physically impossible.

Application across mediums:

e (lassical painters studied light falloff and material properties to achieve realism

e Cinematographers position lights to respect inverse-square law and material BRDFs

e Ray-tracingin 3D rendering explicitly solves the rendering equation

e Digital generation must enforce light transport constraints, not merely learn
"plausible lighting"

Axiom 4: The Spatial-Temporal Frequency Matching Law

Statement: Visual realism requires that spatial and temporal frequency content matches
human contrast sensitivity and temporal resolution.

The human visual system has finite resolution. We have peak sensitivity around 3-4 cycles
per degree of visual angle. We cannot detect flicker above approximately 60 Hz under
normal lighting. Our temporal integration window is about 100 milliseconds.

Natural images and motion exhibit specific frequency characteristics shaped by:

e Optical diffraction limits of lenses (including the human eye)

e Atmospheric scattering that reduces distant sharpness

e Natural statistics of edges and textures following power-law distributions
e Film grain or sensor noise with organic spatial correlations

When these characteristics are violated, the result feels unnatural:



e Over-sharpening: Al adds frequencies beyond visual acuity limits - "digital,”
"hyperreal,” "plastic"

e Incorrect motion blur: Temporal aliasing produces judder, strobing, or unnatural
smoothness

e Wrong noise: Digital noise is periodic and uniform; natural grain is spatially
correlated and tone-dependent

e Impossible sharpness: Equal sharpness at all depths violates atmospheric and optical
physics

Application across mediums:

e Film naturally captures diffraction-limited resolution with organic grain structure

e Photography respects depth of field and atmospheric perspective

e Animation requires proper motion blur to avoid strobing

e Digital generation must match natural frequency distributions, not maximize
sharpness

Axiom 5: The Binocular-Monocular Depth Coherence Requirement

Statement: Perceived depth must be consistent across binocular disparity, motion
parallax, and monocular depth cues.

Depth perception integrates multiple sources of information:

e Binocular: disparity between left and right eye views, convergence angle

e Monocular: relative size, occlusion, texture gradient, linear perspective, height in
plane, atmospheric haze, light and shadow

e Motion: parallax (closer objects move faster across visual field), optical flow,
expansion patterns

These cues evolved to be mutually consistent in the physical world. When they conflict—
when perspective doesn't match relative size, when occlusion contradicts indicated depth,
when motion parallax is wrong—the visual system detects an impossibility.

Size constancy (Emmert's Law) means perceived size equals retinal size scaled by
perceived distance. Violations create perceptual paradoxes: a giant hand holding a tiny
building, objects that violate geometric containment, scale relationships that make no
physical sense.

Application across mediums:

e (lassical perspective drawing ensures converging lines and relative scale
consistency

e Cinematography uses depth of field and parallax to establish spatial relationships

¢ 3D rendering must maintain coherent geometry across all depth cues

e Systems trained on 2D images often lack true 3D understanding, producing
inconsistent depth cues



Axiom 6: The Emotional Arousal Justification Principle
Statement: Emotional responses must have physically justified visual triggers.

The amygdala responds to visual arousal and intensity. Mirror neurons facilitate empathy
through facial recognition and internal simulation. But these responses are calibrated to
physical reality.

The cognitive formula: If high arousal, then physical justification exists (consciously or
subconsciously).

When an image presents:

e Dramatic lighting without a physical light source

e Intense facial expression without contextual cause

e Danger signaled without realistic threat

e Beauty created solely through saturation rather than light physics
e Arbitrary intensity without causal explanation

..the brain experiences cognitive dissonance. The arousal response is triggered, but the
justification is absent. This mismatch creates unease, revulsion, or the "uncanny valley"
effect.

The uncanny valley occurs precisely when human-likeness is high but subtle motion or
expression errors are present: eye movement too smooth or jerky, blink timing unnatural,
facial symmetry too perfect, micro-expressions absent or wrong. These violations trigger
the strongest negative response because they fall into the category boundary where human
priors are assigned but human expectations are violated.

Application across mediums:

e Master cinematographers justify every lighting choice with motivated sources

e Actors ground emotional expressions in physical circumstance and context

e Traditional animation emphasizes clarity of motivation and readable emotion

¢ Digital generation often produces unjustified intensity or expression-context
mismatches

The Fundamental Equation

Perceived realism emerges from the minimization of prediction error subject to all physical
constraints being satisfied simultaneously.

Mathematically expressed:
Realism = min[F_visual] subject to:

1. AS > 0 (thermodynamics: entropy increases)

2. Light transport equations satisfied (optics: rendering equation)

3. Prediction error minimized (neuroscience: pwPE - 0)

4. Frequency content within human limits (psychophysics)

5. Depth cues coherent (geometry: binocular = monocular = motion)
6. Arousal justified (psychology: emotional causation)



When all constraints are satisfied: F_visual - 0 - Realism - 1

A single major violation in any domain can destroy perceived realism. One impossible
shadow makes the whole image feel fake. One unnatural eye movement makes the
character uncanny. One causality violation makes the scene impossible.

Realism requires all constraints simultaneously satisfied, not just most of them.

Why This Theory is Universal and Timeless
This framework does not reference:

e Specific technologies or architectures

e Software platforms or tools

e Rendering techniques or engines

e Production strategies

e Trending keywords or aesthetic markers

This framework is based on:

e Thermodynamics (second law, entropy, universal)

e Electromagnetism (Maxwell's equations, light transport, universal)

e Human neurobiology (retinal structure, cortical hierarchy, evolved over millions of
years)

¢ Information theory (Shannon entropy, mathematical truth)

o Statistical physics (phase transitions, scale invariance, universal principles)

Consequence:

The theory remains valid as long as physics remains constant. The theory remains valid as
long as human vision remains unchanged. Any technology that achieves visual realism—
whether chemical photography, oil painting, ray-traced rendering, or computational
generation—will necessarily satisfy these constraints, even if discovered independently.

A 1920s silent film feels real because it satisfies all six axioms through the physical capture
of light on film. A modern 8K render may fail because it violates learned statistical
regularities, light transport laws, or temporal causality despite technical perfection.

Realism is not a style. It is constraint satisfaction made visible.

Integration: How the Axioms Work Together

Perceived realism emerges from simultaneous satisfaction of constraints encoded through
evolutionary and developmental experience.

The foundation:

e Physics: Light transport, gravity, thermodynamics constrain possible visual
experiences

o Statistics: Natural image properties reflect physical world structure

e Neural encoding: Visual cortex hierarchy evolved to minimize prediction error in
physical environments



¢ Temporal integration: ~100 ms processing windows match natural event dynamics
¢ Emotional grounding: Arousal responses calibrated to physically plausible threats
and opportunities

When all axioms are satisfied simultaneously:

e Time flows in one direction, leaving marks

e Light behaves as limited energy from identifiable sources
e Spaceis coherent and traversable

e Detail is distributed across scales in recognizable patterns
e Bodies and materials carry history and asymmetry

e Emotions cost energy and leave physical traces

The result: A world that could not easily be otherwise. A world that feels inevitable.

Conclusion: The Invisible Architecture
I did not invent these laws. I observed them.

They existed in the chiaroscuro lighting of Caravaggio's paintings. They existed in the
motion studies of Eadweard Muybridge. They existed in the naturalistic cinematography of
Roger Deakins. They exist in every photograph that feels "right,” every animation that
convinces, every visual that makes you forget you're looking at a representation.

The constraints are invisible until violated. Then they become glaringly obvious.

This matters for anyone who creates visuals—because your tool doesn't determine whether
your work feels real. Your satisfaction of these laws determines it.

Film cinematographers who understand light falloff and motivated sources create realistic
images. Digital artists who honor depth cue coherence and temporal causality create
realistic images. Any system that enforces physical constraints creates realistic images.

The medium changes. The laws do not.

Realism is the visible shadow of an invisible system: physics, biology, and perception
working together.

When an image honors that system, realism appears not as an achievement, but as a
consequence.



