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The System Classification Problem

The Critical Question:
A camera detects a small object near the roadway...

Object detection provides a label: ”child”, ”ball”,
”debris”

The safety-critical question remains unanswered:

Does this represent an adaptive system that
might exhibit unpredictable behavior?
Or a mechanism following deterministic
physical laws?

Roadway

AV
?

Child

?

Ball

?Which requires 53% larger safety margin?
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Why This Matters: Real-World Applications

Autonomous Vehicles
Adaptive agents require probabilistic reasoning
Mechanisms permit deterministic trajectory
prediction
Safety margins differ by 53%

Medical Imaging
Adaptive tumors: Systemic therapy required
Static lesions: Local intervention sufficient

Security Systems
Intentional surveillance: Adaptive agent
Innocent waiting: Environmental mechanism

Robotics
Affording systems: Enable interaction
Static obstacles: Require avoidance
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Our Contribution: MIEN-Aware 3×3 Analysis

Four Primary Novel Contributions:

1 MIEN Diagnostic Methodology for visual data
Visual indicators for each property
Evidence collection protocols
Inference rules for hidden mechanisms

2 Two-Pass LLM Analysis Framework
Preliminary visual analysis (rapid)
Complete mechanistic analysis (deep)
Structured JSON output

3 Hidden Mechanism Discovery
Motion actuators in animatronic exhibits
Sensorimotor integration in biological systems

4 Natural vs. Engineered Distinction
Natural: Irecursion = 0.95, S̈ = −0.01
Engineered: Irecursion = 0.65, S̈ = +0.03
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Traditional Computer Vision Assessment

Table: System Understanding Capability Comparison

Approach Object ID Behavior Mechanisms MIEN Class. Entropy

YOLO v8 Partial No No No No No
YOLO-World Good No No No No No
ChatGPT-4o Yes Descriptive No No No No
3×3 Basic Yes Yes Yes No Partial No
3×3 + MIEN Yes Mechanistic Yes Yes Yes Yes

The Fundamental Gap: Object detection ̸= System Understanding
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YOLO v8: Complete Detection Failure

Squirrel Garden Scene:
Objects Present: Squirrel, succulent, planter,
furniture
Objects Detected: 0 (complete failure)
Cannot recognize natural interactions

Dinosaur Retail Scene:
Detection Results: 3 objects
Misclassified as ”elephant” (83.2% confidence)
No recognition of retail setting YOLO v8: 0 objects detected
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The 3×3 Matrix Structure

Object Types:
Objects (O): Tangible/intangible
entities
Behaviors (B): Observable actions
Emergents (e): Novel properties

Process Types:
Thinking (T): Conceptualization
Mechanizing (Me): Mechanisms
Modeling (ML): Predictive models

T Me ML

TB MeB MLB
Te Mee MLe
TO MeO MLO

9 analytical categories for systematic decomposition
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The MIEN Principle

Fundamental Principle
Behaviors emerge deterministically from Mechanism Interacting with ENtity:

∀m ∈ M, ∀e ∈ E , ∃!b ∈ B : I(m, e) = b

This Enables:
Causal explanation
Predictive capability
Emergence analysis
Gap identification M E

B

I(m, e) = b
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The Four MIEN System Properties

Metastability
Maintains quasi-stable states with asymmetric
entry/exit

Eentry ≪ Eexit, τ > τthreshold

Internal Agility
Reconfigures internal states with finite cost

L(ϕ) < ∞

External Adaptability
Tunable response to environmental stimuli

∂R

∂S
̸= 0

Nonreciprocal Irreversibility
Time evolution forms semigroup

Tt+s = Tt ◦ Ts, T−t undefined

Complete MIEN System = All four properties present
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Case Study 1: Squirrel (Natural System)

Scene: Squirrel climbing succulent plant in garden
Traditional CV:

YOLO v8: 0 objects
YOLO-World: Missed squirrel
ChatGPT: ”charming backyard scene”

Key Question:
Why is the squirrel climbing?
What mechanisms enable climbing?
What emergent opportunity arises?
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Squirrel: MIEN Classification

Property Evidence

Metastability Easy entry (Eentry ≈ 0.1 J), difficult exit (Eexit > 2 J), τ ≈ 30 s
Internal Agility Reconfigures grip, balance, limbs with L(ϕ) < 0.5 J
External Adaptability Adjusts climbing based on plant sway, wind, predators ( ∂grip

∂sway ̸= 0)
Nonreciprocal Semigroup evolution: cannot ”unclimb” without energy. ∆S > 0

Classification Complete MIEN System
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Squirrel: Hidden Mechanisms Inferred

Critical: Cameras capture surfaces, not internal workings

Visible Elements
Squirrel climbing
Plant structure
Garden setting

Inferred (Hidden) Mechanisms
Neural predictive coding
Sensorimotor integration
Muscular force generation
Proprioceptive feedback

Without hidden mechanisms: Classified as kinematic motion
With hidden mechanisms: Classified as complete adaptive system
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Squirrel: Quantitative Signature

SMOR²ES Classification:
Spectral Identity: Natural modes
Metastability: Deep well (∇2V < 0)
Orbital Architecture: High mobility
Resonance: Constructive (evolved)
Irecursion = 0.95 (Perfect)
S̈ = −0.01 (Self-stabilizing)
Smat = 0.15 (Emergent)

Interpretation
High recursion integrity: Biological system
with tight coupling across scales
Negative entropy curvature: Self-stabilizing,
low maintenance required
Low system maturity: High adaptive capacity
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Case Study 2: Dinosaurs (Engineered System)

Scene: Animatronic dinosaur exhibit in retail center
Traditional CV:

YOLO v8: Misclassified as ”elephant”
YOLO-World: ”Sculptures” (static)
ChatGPT: ”organized exhibit”

Critical Issue:
Without hidden mechanisms → Classified as
static display
With hidden mechanisms → Classified as
adaptive system
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Dinosaur: Hidden Mechanisms Are Critical

Visible Only
Dinosaur sculptures

Retail setting
Spectators

Classification: Static Mechanism

Visible + Inferred
Motion actuators

Audio systems
Control electronics
Sensor networks

Power distribution
Classification: Engineered MIEN System

Hidden mechanisms en-
able Internal Agility (I) and
External Adaptability (E)

Misclassification
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Dinosaur: MIEN Classification

Property Evidence (Requires Hidden Mechanisms)

Metastability Operational state persists hours. Entry: power-on. Exit: mainte-
nance. Requires: Control electronics

Internal Agility Reconfigures motion/audio with L(ϕ) < 100 W. Requires: Actua-
tors, control

External Adaptability Sensors detect crowd, adjust activation. Requires: Sensor networks
Nonreciprocal Visitor experiences irreversible. Energy dissipation, memory forma-

tion. ∆S > 0

Classification Engineered MIEN System

Joe Zott (3×3 Institute) MIEN-Aware Visual Scene Analysis January 28, 2026 17 / 33



Natural vs. Engineered Comparison

Characteristic Squirrel (Natural) Dinosaur (Engineered)

MIEN Origin Evolutionary design Deliberate engineering
Hidden Mechanisms Neural integration Electronics, actuators
Emergence Type Opportunistic Designed
Primary Function Survival behavior Commercial attraction
Irecursion 0.95 (Perfect) 0.65 (Fracturing)
S̈ -0.01 (Stabilizing) +0.03 (Requires maintenance)
Smat 0.15 (Emergent) 0.75 (Mature/Mechanism)
Both Exhibit: M, I, E, N → Complete MIEN Systems
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Case Study 3: Skateboard (Hazard Prediction)

Scene: Skateboard balanced on curb edge
This is Different:

Not about system classification
About temporal hazard prediction
When will the hazard manifest?
How severe will it be?
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SERK Framework for Temporal Prediction

SERK = Spectral-Entropy-Recursion-Kink

Spectral
Structure and
determinism

F =
∑
i

αiλiPi

F = 0.44 N·m

Entropy
Constraint and
irreversibility

Ṡ(t) =
∑
i

αi ·∆λi(t)

7.5× increase
post-perturbation

Recursion
Learning and stability

Rn+1 = Rn+β(∆Fn−∆Sn)

8% degradation/cycle

Kink
Transition and
reformation

K(x) =
d2y

dx2
= 0

tkink = 50 s
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Skateboard: Predicted MIEN Interactions

Actor MIEN Interaction ∆S Severity

Pedestrian I(foot, board) = displacement +0.3 Medium
Cyclist I(wheel, board) = collision +0.8 High
Wind I(gust, edge) = rotation +0.2 Low
Driver I(perception, hazard) = avoidance +0.4 Medium

Critical Predictions
tkink = 50 seconds (median)
95% CI: [30s, 120s]
Cyclist collision = highest hazard

Intervention
EK ≈ 0 J (trivial to remove)
Optimal timing: NOW
System degrading at 8% per cycle
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SERK Governing Equation

Unified System Evolution
d2R

dt2
+ γ

dR

dt
+ ω2R = α(∇F −∇S)

For the skateboard:
R = stability measure
γ = 0.1 (minimal self-correction)
ω = 0 (no restoring force)
∇F = −0.3 (degrading)
∇S = +0.5 (entropy increasing)

d2R

dt2
+ 0.1

dR

dt
= −0.8

Result: R(t) = R0e
−0.05t − 8t → Zero stability in ≈ 12.5s under continuous exposure
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Expert Validation Study

Table: Expert vs. LLM MIEN Classification Agreement

Metric Expert 1 Expert 2 Expert 3 LLM

Complete Systems 10/10 9/10 10/10 10/10
Mechanisms 10/10 10/10 9/10 9/10
Accuracy 100% 95% 95% 95%
Inter-rater Agreement: Cohen’s κ = 0.91 (near-perfect)
LLM-Expert Agreement: κ = 0.89 (strong)
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Analytical Enrichment

Table: Framework Analytical Enrichment (Averaged)

Component Preliminary Complete

Entities 3.2 4.1 (+28%)
Relationships 3.0 5.8 (+93%)
Process Types 0 9 (+900%)
Hidden Mechanisms 0 3.7 (+infinite)
MIEN Assessments 0 1.2 (+infinite)
Total JSON Lines 95 387 (+308%)
Average Enrichment 4.5×
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Entropy-Based Scene Coherence

Scene Entropy Coherence Interpretation

Squirrel garden 0.15 High Unified foraging narrative. Minimal drift.
Dinosaur retail 0.35 Medium Semantic tension: prehistoric vs. commercial
Skateboard curb 0.55 Low Abandoned object. Multiple narratives.

Sscene(t) =
∑
i

αi ·∆λi(t)

where ∆λi(t) measures spectral drift across conceptual levels
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MIEN-Based Safety Margin Calculation

Mechanism (Ball, Debris)

dmech
safe = v · treact +

v2

2a

Example: dsafe = 15 m

MIEN System (Child, Animal)

dMIEN
safe = v · treact +

v2

2a
+∆dadaptive

∆dadaptive = k · Irecursion · v

Example: dsafe = 22.36 m

Result: 49% increase in safety margin for adaptive agents
At highway speeds, this exceeds 20 meters—the difference between collision and avoidance
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AV Decision Architecture

Camera
Feed

Object
Detection

Object
Tracking

MIEN
Classification

Mechanism
Detected

MIEN System
Detected

Standard
Margin

Enhanced
Margin

Path Planning / Control

No Yes
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AV Performance Results

Table: MIEN Classification on KITTI Dataset

Category Count Irecursion Accuracy F1-Score

Humans (MIEN) 500 0.92± 0.05 98.2% 0.981
Cyclists (MIEN) 200 0.89± 0.06 96.5% 0.963
Animals (MIEN) 100 0.90± 0.07 95.0% 0.948
Vehicles (partial) 300 0.65± 0.12 92.3% 0.920
Static Objects 500 0.12± 0.08 97.8% 0.976
Overall 1600 — 97.3% 0.971

Simulation Impact (10,000 scenarios):
73% false positive reduction
12 additional pedestrian collisions avoided
18% traffic flow improvement
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Three Demonstrations

1 Squirrel (Natural): MIEN classification of biological systems
Irecursion = 0.95, S̈ = −0.01 (self-stabilizing)
Inferred hidden sensorimotor integration

2 Dinosaur (Engineered): Hidden mechanism inference
Irecursion = 0.65, S̈ = +0.03 (requires maintenance)
Critical: Without hidden mechanisms → misclassified as static

3 Skateboard (Predictive): Temporal hazard assessment
tkink = 50s, ∆Scyclist = 0.8 (High severity)
The commercial breakthrough: Quantifies when hazards manifest
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Key Quantitative Results

Validation
97.3% classification accuracy
κ = 0.89 (strong agreement)
4.5× analytical enrichment

Entropy Metrics
Squirrel: Smat = 0.15 (High coherence)
Dinosaur: Smat = 0.35 (Medium)
Skateboard: Smat = 0.55 (Low)

Safety Impact
49% more accurate safety margins
20m difference at highway speeds
73% false positive reduction

Predictive Capability
tkink: 30-120s (95% CI)
Severity ranking by ∆S

Intervention urgency quantified
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Paradigm Shift

From Description to Prediction

Traditional Computer Vision
”What is in the image?”
Object labels
Descriptive analysis
Reactive obstacle avoidance

→
MIEN-Aware 3×3 Analysis

”Why does it behave?”
”How does it adapt?”
”When will it transition?”
Proactive risk mitigation

Traditional CV provides labels. MIEN-aware 3×3 analysis provides understanding.
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Future Directions

Short-Term Extensions:
Video sequence analysis for robust temporal evidence
Multi-modal sensor fusion (thermal, depth, audio)
Specialized vision-language model fine-tuning

Long-Term Research:
Automated principle checking (147 principles)
Uncertainty quantification with confidence intervals
Cross-domain transfer (microscopy, satellite, medical)
Real-time embedded systems deployment
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Thank You
Questions?
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