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The Principle of Visual Reality is designated a Principle because it formalizes invariant

constraints that must be satisfied for a specific outcome to occur (perceived realism).

Violation of any constraint necessarily breaks the outcome. The Law describes necessity,

not style, preference, or methodology, and does not propose new physical constants. Its

status derives from constraint invariance, not from domain-specific implementation.

The Principle of Visual Reality states:

Perceived visual realism emerges as the inevitable consequence of complete constraint

satisfaction across all physical, perceptual, and informational domains. When visual

configurations minimize prediction error while simultaneously satisfying thermodynamic

law, electromagnetic propagation equations, neurobiological processing architecture, and

information-theoretic optimality conditions, realism manifests not as achievement but as

mathematical necessity.

THE PRINCIPLE OF VISUAL REALITY

A Scientific Discovery of Immutable Perceptual Invariants

Scientific Classification Statement

PART I: THE RAW DISCOVERY

Formal Statement of the Principle

Mathematical Formulation

 (Thermodynamic entropy increases; temporal causality preserved)•

 (Maxwell's equations satisfied; light transport physics obeyed)•

 (Prediction error minimized in hierarchical cortical processing)•

 (Spatial frequencies within human contrast sensitivity function)•

 (All depth cues mutually consistent)•

 (Emotional arousal proportional to physical justification)•



Where:

 = Perceived realism (phenomenological outcome)

 = Visual configuration (image structure, temporal sequence)

 = Prediction error (mismatch between expectation and observation)

 = Entropy (thermodynamic measure of disorder)

 = Electric field (electromagnetic radiation, i.e., light)

 = Charge density

 = Permittivity of free space

 = Spatial frequency content of image

 = Contrast sensitivity function (biological limit)

 = Depth information sources

 = Limbic arousal response

 = Physical environmental justification

Constraint Satisfaction as the Mechanism of Reality:

The universe operates under immutable physical laws (thermodynamics,

electromagnetism, geometry, quantum mechanics). The human visual system evolved

under these constraints for millions of years, developing biological mechanisms (retinal

structure, cortical hierarchies, predictive processing) that recognize violations

instantaneously. When visual representations honor all constraints simultaneously,

realism emerges as perceptual inevitability. When any constraint is violated—regardless of

surface rendering quality—perception registers impossibility.

This is not aesthetic preference. This is mathematical optimization under physical

law.

The Principle comprises seven interdependent invariants that form a single mathematical

structure:

1. The Six Axioms (Physical and Perceptual Constraints)

2. The Taxonomy of Entropy (Six Channels of Visual Information)

3. The Three Equations (Mathematical Relationships Between Variables)

4. The Visual Control Surface (Three-Dimensional Decision Space)

5. Observable Validation (Natural Environment Verification)

These are not separate constructs. They are different projections of the same underlying

structure—the invariant relationships between physical law, biological perception, and

phenomenological experience.

Core Principle

PART II: DERIVATION & CONSOLIDATION

The Unified Architecture



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

Physical Basis: The second law of thermodynamics establishes temporal asymmetry.

Entropy ( ) increases irreversibly:

Perceptual Consequence: The visual system expects:

Broken objects remain broken (entropy does not spontaneously decrease)

Liquids flow downward (following gravity and pressure gradients)

Fire propagates forward in time (combustion chemistry is irreversible)

Shadows appear after illumination sources activate

Aging progresses unidirectionally

Damage accumulates; repair requires energy input

Violation Detection: Time-reversed footage produces profound perceptual discomfort

despite frame-by-frame photographic validity because the temporal sequence violates

entropic law.

Statement: Perceived realism emerges when visual input minimizes prediction error

within hierarchical Bayesian processing architecture.

Neurobiological Basis: Visual cortex (V1-V5) implements predictive processing where

higher areas generate predictions, lower areas compute prediction error:

Natural images possess statistical regularities:

Power spectrum: Approximately  scaling (scale invariance)

Phase relationships: Characteristic coupling between orientation channels

Contrast statistics: Luminance histograms follow learned environmental

distributions

Perceptual Consequence: When these statistical properties are violated, prediction error

increases, manifesting phenomenologically as "artificiality" or "synthetic wrongness."

Statement: All visual radiance fields must satisfy the rendering equation and fundamental

light transport physics.

Physical Basis: Light propagation follows Maxwell's equations. Key relationships:

Domain 1: The Six Immutable Axioms

Axiom 1: The Temporal Causality Constraint

Axiom 2: The Predictive Precision Principle

Axiom 3: The Physical Light Transport Invariance

Inverse square law:  (intensity decreases with distance)•



Violation Detection: Shadow directions inconsistent with light source positions, brightness

exceeding physically possible values, reflections at geometrically impossible angles—all

register as impossibility.

Statement: Visual realism requires spatial and temporal frequency content matching

human contrast sensitivity and temporal resolution limits.

Biological Limits:

Spatial resolution: Peak contrast sensitivity at 3-4 cycles/degree

Temporal resolution: Flicker fusion threshold ~60 Hz (photopic conditions)

Optical limitations: Diffraction, lens aberrations, atmospheric scattering impose

frequency-dependent blur

Perceptual Consequence:

Over-sharpening: Adding frequencies beyond diffraction limits creates "digital,"

"plastic" appearance

Temporal aliasing: Incorrect motion blur produces judder or "soap opera effect"

Wrong noise: Periodic noise differs from spatially correlated organic grain

Statement: Perceived depth must remain consistent across all depth cues.

Information Sources:

Binocular: Stereopsis (horizontal disparity), convergence angle

Monocular: Relative size, occlusion, linear perspective, texture gradient, height in plane,

atmospheric perspective, light/shadow

Motion: Motion parallax, optical flow, kinetic depth

Mathematical Constraint: In physical space, these cues derive from the same three-

dimensional geometry and are therefore necessarily consistent. When visual

representations present inconsistent depth cues, the perceptual system detects geometric

impossibility.

Lambert's cosine law: Diffuse brightness  (angle between surface normal

and incident light)

•

Energy conservation: Reflected + transmitted + absorbed light  incident light +

emission

•

BRDF: Bidirectional Reflectance Distribution Function determines angular

distribution of reflected light

•

Axiom 4: The Spatial-Temporal Frequency Matching Law

Axiom 5: The Binocular-Monocular Depth Coherence Requirement



Statement: Emotional responses must have physically justified visual triggers.

Neurobiological Basis: Limbic system (amygdala, reward circuits, mirror neurons)

generates arousal responses calibrated to physical environments under the evolutionary

assumption: if high arousal signal, then physical justification exists.

Violation Consequence: When visual stimuli present dramatic illumination without

identifiable light sources, intense facial expressions without contextual explanation, or

arbitrary intensity without spatiotemporal justification, cognitive dissonance occurs. The

arousal response activates but cognitive evaluation finds no cause—producing discomfort,

rejection, or uncanny valley phenomenon.

Traditional information theory defines noise as unwanted signal corruption. In visual

perception, this is insufficient. Natural environments contain multiple forms of structured

variation that carry essential information about physical processes.

Noise as Information Density: In visual reality, "noise" represents information density—

distributed complexity signaling physical authenticity. Complete absence signals digital

synthesis. Excessive noise overwhelms processing. Optimal realism requires precise

calibration across six entropic channels:

Physical Origin: Photon shot noise (quantum fluctuations), thermal noise in electronics,

read noise in analog-to-digital conversion.

Characteristics:

Spatially uncorrelated random variation

Intensity-dependent (increases in dark regions: signal-to-noise ratio decreases)

Wavelength-dependent (worse in red/blue channels)

Perceptual Function: Unavoidable in physical capture. Presence signals physical light

capture rather than mathematical synthesis.

Physical Origin: Surface roughness at sub-resolution scales, material inhomogeneity,

weathering, biological growth, manufacturing variation.

Characteristics:

Spatially correlated (neighboring regions similar)

Scale-dependent (different materials show texture at characteristic scales)

Anisotropic (wood grain directional; metal reflection spatially varying)

Persistent (property of material, not viewing condition)

Perceptual Function: Perfectly uniform surfaces signal synthetic origin. Natural materials

inherently possess microstructure with characteristic statistical patterns.

Axiom 6: The Emotional Arousal Justification Principle

Domain 2: The Taxonomy of Visual Entropy (The Noise Wheel)

Channel 1: Signal Noise (Sensor Limitations)

Channel 2: Material Noise (Surface Texture)



Physical Origin: Rayleigh scattering (molecular particles), Mie scattering (aerosols, dust,

water droplets), particulate matter, humidity, thermal shimmer.

Characteristics:

Distance-dependent (accumulates along light path)

Wavelength-dependent (blue light scatters more than red)

Direction-dependent (visible in backlit conditions, invisible in frontlit)

Temporally varying (particle density fluctuates with air currents)

Perceptual Function: Provides essential depth cues. Distant objects show reduced

contrast, reduced saturation, color shift toward blue. Occurs even indoors over distances

exceeding several meters.

Physical Origin: Chromatic aberration (wavelength-dependent refraction), spherical

aberration, coma, astigmatism, vignetting, lens flare, diffraction limits.

Characteristics:

Position-dependent (worse at image periphery)

Aperture-dependent (increases with wider apertures)

Geometry-dependent (appears at specific source-to-lens angles)

Lens-specific (characteristic signature)

Perceptual Function: Unavoidable in refractive optical systems. Presence signals physical

light capture through real lenses.

Physical Origin: Finite exposure duration causes moving objects to traverse space during

light integration, creating spatially extended intensity profiles.

Characteristics:

Velocity-dependent (faster motion creates more blur)

Direction-dependent (blur occurs along motion vector)

Spatially varying (different objects at different velocities)

Shutter-angle dependent (exposure time relative to frame interval)

Perceptual Function: Fundamental consequence of temporal integration. Absence creates

"strobing" because discrete sampling without blur violates temporal statistics of continuous

motion.

Physical Origin: High information density exceeding working memory capacity, figure-

ground ambiguity, occlusion creating depth ambiguity, compression of 3D structure into 2D

projection.

Characteristics:

Channel 3: Environmental Noise (Atmospheric Effects)

Channel 4: Optical Noise (Lens Aberrations)

Channel 5: Temporal Noise (Motion Blur)

Channel 6: Cognitive Noise (Perceptual Ambiguity)



Observer-dependent (varies with attention and prior knowledge)

Context-dependent (same stimulus interpreted differently in different scenes)

Resolution-limited (insufficient information to resolve depth or identity)

Computational (arises from inverse optics problem)

Perceptual Function: Real environments inherently contain ambiguity because 3D

structure must be inferred from 2D projections. Excessive complexity produces perceptual

overload.

Perceived realism emerges when noise across all six channels matches statistical structure

learned from physical environments:

Too little noise: Signals digital synthesis (perfectly clean surfaces, zero atmospheric

haze, ideal optical systems)

Too much noise: Overwhelms signal extraction (excessive grain obscures detail,

extreme scattering reduces contrast)

Wrong noise type: Creates perceptual incoherence (noise patterns inconsistent with

capture conditions)

Where:

 = Total information distribution score

 (golden ratio)

 = Hierarchical scale level (0 = coarsest, increasing = finer)

 = Shannon entropy of image gradients

 = Local intensity

 = Reference baseline

Physical Interpretation: Natural images distribute information hierarchically across

spatial scales. The  weighting ensures:

The golden ratio constant:  emerges in natural growth processes (phyllotaxis, spiral

growth), optimal packing, and perceptual hierarchies. Information distribution following 

-based decay matches statistical regularities of natural scenes.

The Noise Equilibrium

Domain 3: The Three Mathematical Equations

Equation 1: Hierarchical Information Entropy (φ-Based Weighting)

Macro-level structure:  (~50% perceptual weight)•

Mid-scale transitions:  (~30% weight)•

Fine texture:  (~15% weight)•

Ultra-fine detail:  (~5% weight)•



Where:

 = Descriptive emphasis allocated to frequency band 

 = Total available perceptual resource

 (characteristic scale ratio in vision)

 = Spatial frequency band index

Physical Interpretation: Human contrast sensitivity follows bandpass function peaked at

intermediate frequencies. Resource allocation mirrors this biological constraint.  ratio

ensures allocation decreases smoothly toward fine scales while never reaching zero.

Perceptual Consequence: Descriptions violating this allocation feel unbalanced. Over-

describing fine texture while neglecting compositional structure produces cluttered results.

Spending equal resources across all scales exhausts capacity without establishing

hierarchy.

Component Definitions:

COLOR: Wavelength response, logarithmic luminance, saturation congruence, activity

modulation

LIGHT: Directional function, inverse distance falloff, temperature multiplication, falloff

curve

MOTION: Velocity, acceleration, trajectory, hierarchical motion, tempo

COMPOSITION: Symmetry, contrast, Gestalt grouping, leading lines, proportion ratios

EMOTIONAL CONGRUENCE (denominator): Degree to which all visual elements jointly

support coherent emotional state. When clear and aligned: ECM ≈ 0.5–1.0 (low denominator,

high impact). When contradictory: ECM ≈ 1.5–3.0+ (high denominator, low impact).

Physical Interpretation: All four visual domains multiply together (weakness in any

reduces total impact). Division by emotional congruence means perfect technical

execution cannot override emotional incoherence. The formula captures: Realism requires

simultaneous optimization across all perceptual channels with emotional justification as

integrating constraint.

Equation 2: √2 Law of Visual Information Compression (Attention Budgeting)

Equation 3: Cinematic Impact System (HZCIS)



The Visual Control Surface represents the navigable coordinate system within which all

visual decisions exist. It is not workflow—it is structure of meaning itself, where physics,

perception, and semantics converge.

AXIS 1: Signal-to-Noise Ratio (Horizontal)

Left Pole (Noise): Maximum entropy without hierarchy, competing elements,

cognitive overload, extraneous cognitive load dominates

Right Pole (Signal): Maximum meaning per element, perceptual inevitability,

intrinsic cognitive load only

Critical Principle: Signal ≠ Technical Quality. 4K HDR can be pure noise if elements

lack meaning. Grainy 16mm can be pure signal if every element is inevitable.

AXIS 2: Attention Control (Vertical)

Top Pole (Directed): Filmmaker controls viewer's gaze, strong hierarchy, forced eye

path, low cognitive friction

Bottom Pole (Diffuse): Viewer scans freely, democratic vision (Bazin), multiple valid

readings

Critical Principle: Neither pole is superior. Choice serves intent. Horror uses diffuse

(threatening periphery), propaganda uses directed (no alternative interpretation).

AXIS 3: Embodied Depth (Z-Axis)

Shallow Pole (Symbolic): Pure signification, abstraction, allegory, intellectual

distance

Deep Pole (Sensorimotor): Tactile, visceral, pre-linguistic, engages body schemas

(containment, force, path, balance), activates mirror neurons

Critical Principle: Embodiment ≠ 3D Rendering. Bresson's "flat" 2D compositions

are more embodied than CGI spectacle because physicality comes from activating

image schemas, not sensory volume.

ZONE 1: INVISIBLE MASTERY [High Signal + Optimal Attention + Deep Embodiment]

Perceptual inevitability, viewer unaware of manipulation, high meaning with low friction.

ZONE 2: CLASSICAL CINEMA [Balanced Signal + Moderate Control + Medium

Embodiment]

Hollywood invisible style, efficient storytelling, comfortable viewing.

ZONE 3: PROPAGANDA ZONE [Low Signal + High Control + Shallow Embodiment]

Forced attention, minimal complexity, conceptual manipulation. RESTRICTED.

ZONE 4: CHAOTIC ZONE [Low Signal + Diffuse Attention + Wrong Embodiment]

Visual confusion, no hierarchy, meaning collapse. FORBIDDEN.

ZONE 5: CONTEMPLATIVE CINEMA [High Signal + Diffuse Attention + Deep Embodiment]

Long takes, viewer as participant, phenomenological immersion.

Domain 4: The Visual Control Surface (Three-Dimensional Decision Space)

The Three Axes

The Zones of the Decision Space



Equation 1 (Hierarchy) describes what natural images contain: information distributed

hierarchically following -based weighting.

Equation 2 (Compression) describes how to allocate resources: attention biased toward

coarse scales, diminishing toward fine scales following  ratio.

Equation 3 (Impact) describes how domains interact: color, light, motion, composition

operate multiplicatively, modulated by emotional coherence.

The Visual Control Surface describes navigable decision space: the three-dimensional

coordinate system where optimal positions yield perceptual inevitability.

The Six Axioms describe physical and perceptual constraints: immutable laws governing

temporal causality, prediction error, light transport, frequency matching, depth coherence,

emotional justification.

The Noise Wheel describes information channels: six entropic forms (signal, material,

environmental, optical, temporal, cognitive) that must be calibrated to match learned

statistical structure.

Together, these form a complete mathematical description of why certain visual

configurations feel inevitable while others feel impossible.

1. Signal-to-Noise Maintenance

Every visual element must carry meaning yield ≥ cognitive cost. Noise (elements without

meaning contribution) must be eliminated through restraint, not added through

accumulation.

Observable Consequence: Gordon Willis principle—"What we don't do is more important

than what we do." Masters achieve realism through subtraction, not addition.

2. Temporal Causality Preservation

All temporal sequences must respect thermodynamic arrow of time. Entropy increases.

Cause precedes effect. Damage accumulates unless energy is expended for repair.

Observable Consequence: Time-reversed footage fails perceptually despite frame-perfect

photographic validity. Sequences violating  register as impossible.

3. Light Transport Compliance

All illumination must satisfy rendering equation: inverse square falloff, Lambert's cosine

law, energy conservation, BRDF-consistent reflection, geometrically correct shadows,

wavelength-dependent absorption/scattering.

Integration: The Unified Field

PART III: CONSEQUENCES OF THE LAW

What the Law Enforces



Observable Consequence: Shadow directions inconsistent with light positions, brightness

exceeding source intensity, reflections at impossible angles—all detected instantaneously

as physically impossible.

4. Frequency Content Matching

Spatial frequencies must lie within human contrast sensitivity function. Temporal

frequencies must respect flicker fusion threshold and motion blur expectations.

Observable Consequence: Over-sharpening (adding frequencies beyond diffraction

limits) creates "digital plastic" appearance. Incorrect motion blur produces judder or "soap

opera effect."

5. Depth Cue Coherence

All depth information sources (binocular disparity, motion parallax, relative size,

occlusion, texture gradient, atmospheric perspective, shadow placement) must specify

consistent three-dimensional geometry.

Observable Consequence: When perspective contradicts relative size, when occlusion

violates depth ordering, when parallax shows incorrect velocity ratios—perception detects

geometric impossibility.

6. Arousal Justification

Limbic arousal responses must have physically plausible environmental triggers. Dramatic

lighting requires identifiable sources. Intense expressions require contextual cause. Danger

signals require realistic threat geometry.

Observable Consequence: Unjustified intensity—dramatic lighting without source

motivation, emotional expressions without situational cause—creates uncanny valley

effect through cognitive dissonance (arousal without cause).

1. Unmotivated Entropy Injection

Adding visual complexity (elements, detail, effects) without corresponding meaning

contribution. This moves position toward noise pole (chaos zone), increasing extraneous

cognitive load.

Mathematical Expression: Adding element  where  (meaning yield non-

positive) violates optimization.

2. Temporal Causality Violations

Sequences showing entropy decrease without energy input (broken objects spontaneously

repairing, liquids flowing upward without force, aging reversing, damage disappearing).

Mathematical Expression:  without corresponding energy input  violates

second law.

What the Law Forbids



3. Spatial Incoherence

Depth cues providing contradictory geometric information (perspective projection

inconsistent with relative size, occlusion contradicting indicated depth, parallax velocity

ratios geometrically impossible).

Mathematical Expression:  for cues  violates geometric

consistency.

4. Emotional Incoherence

Visual elements (color, light, motion, composition) contradicting intended emotional state

or providing unjustified arousal without physical cause.

Mathematical Expression: In Equation 3, high  (denominator) reduces  (total

impact) regardless of technical quality of numerator components.

5. Frequency Content Violations

Spatial frequencies outside human contrast sensitivity function (over-sharpening beyond

diffraction limits, uniform noise contradicting organic grain structure, depth-independent

sharpness violating atmospheric perspective).

Mathematical Expression:  (image frequencies outside biological limits)

violates perceptual matching.

6. Light Transport Violations

Illumination patterns contradicting electromagnetic propagation (uniform brightness

violating inverse square falloff, shadow geometry inconsistent with source positions,

reflections at angles violating law of reflection, colors uncorrelated with light source

spectrum).

Mathematical Expression: Solutions not satisfying  and related Maxwell

equations violate light transport physics.

Definition: The uncanny valley occurs precisely when human-likeness is high but subtle

violations exist. These include:

Saccadic eye movement timing errors

Blink rate abnormalities

Micro-expression absence

Facial symmetry exceeding biological norms

Skin texture uniformity violations

Mechanism: Strongest negative affect occurs at category boundary where human priors

are assigned but human-specific expectations are violated. The limbic system activates

arousal response (recognizes human-like features) but cognitive evaluation detects

constraint violations (motion timing wrong, expression-context mismatch), producing

cognitive dissonance and aversive response.

The Immediate Failure State: The Uncanny Valley



Mathematical Interpretation: Uncanny valley represents partial constraint satisfaction—

some constraints satisfied (human appearance), others violated (human motion timing,

expression justification). The Principle predicts: complete satisfaction → realism; partial

satisfaction → maximal aversion; zero satisfaction → neutral (recognizably non-human).

Any system attempting to simulate visual reality—whether traditional cinema,

photography, painting, digital rendering, or computational generation—must satisfy the

Principle's constraints. The technology changes. The constraints do not.

Satisfies constraints through physical light capture:

Temporal causality preserved (recording actual temporal sequences)

Light transport satisfied (capturing actual photon interactions)

Frequency content matched (optical systems and sensors have characteristic MTF)

Depth cues coherent (recording actual 3D geometry projected onto 2D)

Sensor noise present (signal/material/optical noise naturally occurring)

Why 1920s silent film feels real despite primitive technology: Physical capture

inherently satisfies most constraints through physics itself.

Satisfies constraints through explicit physics simulation:

Light transport computed by solving rendering equation

Inverse square falloff mathematically enforced

BRDF models material reflection properties

Shadow geometry determined by ray intersection tests

Atmospheric scattering computed via volumetric rendering

Why high-quality ray-tracing approaches realism: Explicitly implementing physical

constraints forces satisfaction.

Primary failure mode: Training on 2D images without 3D geometric understanding

produces:

Inconsistent depth cues (perspective contradicts occlusion)

Light transport violations (shadows inconsistent with illumination)

Frequency content anomalies (statistical regularities violated)

Temporal causality failures (motion sequences violating physics)

Unjustified arousal (dramatic intensity without cause)

Path to improvement: Systems must learn or encode:

1. Three-dimensional geometric consistency

PART IV: APPLICATION (ABSTRACT)

Implications for Reality Modeling Systems

Classical Photography

Digital Ray-Tracing

Generative AI Systems



2. Light transport physics (not just plausible-looking illumination)

3. Temporal causality (entropy increase, cause-effect relationships)

4. Natural image statistics (hierarchical information distribution)

5. Emotional justification (arousal tied to physical context)

The Principle predicts: Systems achieving visual realism will necessarily satisfy these

constraints, whether discovered independently or explicitly programmed. The constraints

are necessary conditions, not engineering choices.

Intuitive constraint satisfaction: Masters like Gordon Willis, Roger Deakins, Emmanuel

Lubezki navigate the Visual Control Surface without explicit knowledge of the

mathematical structure. Extended practice internalizes the constraint architecture.

Observable patterns:

Willis: Movement toward signal pole through elimination ("What we don't do")

Tarkovsky: Occupies contemplative zone (high signal + diffuse attention + deep

embodiment)

Bresson: Stripping toward signal pole, deep embodied engagement through material

presence

Why they succeed: Intuitive navigation finds optimal coordinates in decision space where

all constraints simultaneously satisfy. The result feels inevitable because it occupies the

unique position of minimal constraint violation.

The Law is invariant across:

Technology (chemical film, digital sensors, ray-tracing, generative systems)

Medium (cinema, photography, painting, sculpture, virtual environments)

Culture (perceptual constraints are biological, not cultural)

Time (valid as long as physics and human neurobiology remain constant)

What changes: Techniques, workflows, computational methods, aesthetic trends,

technological capabilities.

What remains constant: The constraint structure itself. Physics does not change. Human

neurobiology does not change. The statistical structure of natural environments does not

change.

Consequence: This Principle remains valid independent of technology. A system achieving

realism in any era satisfies the same constraints. The tools differ. The constraints do not.

Master Cinematographers

Tool-Independence and Timelessness



For creators, theorists, and practitioners who work with visual media, The Principle of

Visual Reality can be understood through these principles:

An 8K HDR ray-traced render can feel hollow and fake. A grainy 1920s silent film can feel

undeniably real. Why? Because realism is not technical quality—it is constraint satisfaction.

Practical implication: Focus on whether your visual choices honor physical law (light

behaves correctly, time flows forward, materials age realistically) and perceptual

expectations (attention guided appropriately, emotion justified by context, depth cues

consistent). Resolution and rendering quality are secondary.

Gordon Willis: "What we don't do is more important than what we do." Adding more

elements, more detail, more effects moves you toward noise, not signal. Meaning emerges

from relationships between elements, not from element count.

Practical implication: Before adding something, ask: "Does removing this reduce

meaning?" If no, it's noise—eliminate it. Work by subtraction, not addition.

Real environments show:

Multiple overlapping shadows (multiple light sources)

Brightness falloff with distance (inverse square law)

Shadow softness increasing with distance (geometric consequence)

Color casts from light source spectrum (object color determined by illumination)

Atmospheric haze over distance (scattering accumulation)

Practical implication: Don't invent lighting patterns that feel "dramatic" or "cinematic"

without physical justification. Every light source must be motivated. Every shadow must

have a geometric cause.

Entropy increases. Broken things stay broken. Liquids flow downward. Fire burns forward.

Aging progresses. When you violate temporal causality—even subtly—perception registers

impossibility.

Practical implication: In any temporal sequence, ask: "Does this honor cause-and-effect?

Does this respect entropy increase?" If a process reverses (damage healing without

intervention, liquid flowing upward without force), it will feel wrong no matter how good it

looks.

PART V: PUBLIC INTERPRETATION (ACCESSIBILITY)

Translation for Human Creators

Principle 1: Realism is Not Resolution

Principle 2: Restraint Creates Power

Principle 3: Light Must Obey Physics

Principle 4: Time Must Flow Forward



The limbic system expects: if high arousal, then physical justification exists. When you create

dramatic lighting without showing where light comes from, or intense facial expressions

without explaining why, you create cognitive dissonance—arousal without cause.

Practical implication: Every emotional element (lighting intensity, facial expression, color

saturation, compositional tension) must be grounded in physical context. Ask: "What in

this physical environment justifies this emotional response?"

Your visual system combines multiple depth cues: perspective, relative size, occlusion,

texture gradient, atmospheric haze, motion parallax, shadows. In real space, these all agree

because they derive from the same 3D geometry. When they contradict, perception detects

impossibility.

Practical implication: Check that all depth information sources tell the same story. If

perspective suggests object A is closer but occlusion shows it behind object B, the image will

feel geometrically wrong.

Natural images distribute information following the golden ratio across scales: ~50% in

macro structure, ~30% in mid-scale transitions, ~15% in fine texture, ~5% in ultra-fine

detail. When you violate this—overloading fine detail or having only coarse structure—

images feel artificial.

Practical implication: Spend most of your attention on composition and primary objects.

Allocate moderate attention to edges and transitions. Use minimal attention for texture

detail. Never spend equal effort on all scales.

Six types of entropy signal physical authenticity:

1. Sensor noise (photon shot noise, read noise)

2. Material texture (surface roughness, weathering)

3. Environmental haze (atmospheric scattering)

4. Optical aberrations (chromatic aberration, lens flare)

5. Motion blur (temporal integration)

6. Cognitive ambiguity (depth uncertainty, figure-ground ambiguity)

Practical implication: Perfectly clean, sharp, uniform images signal digital synthesis.

Appropriate noise—matching what would occur in real capture conditions—signals

physical reality.

Principle 5: Emotion Needs Justification

Principle 6: Depth Cues Must Agree

Principle 7: Information is Hierarchical

Principle 8: Noise is Information



Every visual decision exists in a coordinate system:

Signal-to-Noise (horizontal): Meaning vs. clutter

Attention Control (vertical): Directed vs. diffuse

Embodied Depth (z-axis): Symbolic vs. sensorimotor

Practical implication: Before creating a shot, ask: "Where do I need to be in this 3D space?"

Different narrative moments require different coordinates. Masters find the optimal

position intuitively through experience.

Realism requires all constraints simultaneously satisfied. One major violation destroys

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

Practical implication: You cannot compensate for one constraint violation by excelling at

others. Perfect lighting cannot rescue impossible geometry. Beautiful color cannot fix

unjustified emotion. All constraints must satisfy.

This Principle provides:

Unified theory connecting physics, neuroscience, information theory, perception

psychology, semiotics

Falsifiable predictions about which visual configurations will produce realism and

which will fail

Measurement framework for quantifying constraint satisfaction across multiple

domains

Tool-independent principles valid across all technologies and mediums

Educational foundation for teaching visual realism from first principles rather than

aesthetic conventions

The Principle of Visual Reality is not prescriptive. It is descriptive—documenting the

invariant architecture determining which configurations register as real.

The Principle reveals why certain images feel perceptually inevitable: they occupy the

unique optimal position in high-dimensional constraint space defined by physical law and

biological perception. There is no arbitrary choice in their construction—they could not be

otherwise given the constraints.

The constraints existed before cameras were invented. They persist independent of

technology.

Principle 9: You Navigate a Three-Dimensional Space

Principle 10: Constraint Satisfaction is Binary

For Educators and Researchers

CONCLUSION



Classical painters discovered them empirically. Master cinematographers navigate

them intuitively. Computational systems encode them explicitly.

The Principle does not change. Tools change. Techniques change. Aesthetic

conventions change. But the underlying structure—the mathematical relationships

between physics, perception, and phenomenology—remains constant.

This is the foundation of visual reality. Not a style to adopt, but the structure of visual

perception itself—the invariant relationships governing how light, matter, time, and

biological processing combine to create the experience of seeing.

When constraints are satisfied, realism is inevitable.

When constraints are violated, no amount of technical sophistication can restore

authenticity.

The laws exist independent of our awareness. Understanding them changes nothing about

their operation.

They simply are—the permanent architecture underlying all visual experience.

The Principle's derivation is based on:

Natural environment observation (urban night scenes, domestic interiors)

Real-world visual documentation (CCTV footage, street photography, handheld video)

Physics validation (electromagnetic theory, thermodynamics, optical physics, sensor

behavior)

Neuroscience research (visual perception, color constancy, predictive processing)

Every principle is directly verifiable against unfiltered real-world observation. The Law is

not speculative—it documents measurable phenomena.

Validation method: Each stated principle can be tested by:

1. Recording real environments under specified conditions

2. Measuring physical parameters (brightness distribution, color values, noise patterns,

shadow characteristics)

3. Comparing measurements to predicted values from physical laws

4. Verifying perceptual consequences through direct observation

Status: The empirical basis establishes that the Principle describes actual physical and

perceptual phenomena, not idealized constructs.

END OF DOCUMENT

APPENDIX: EMPIRICAL VALIDATION
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