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Abstract

Hive Engine DOOH is a contextual, perception-driven out-of-home media measurement
system built upon the awareness infrastructure provided by the Hive Smart Engagement
Node (HSEN). Unlike traditional DOOH models that rely on inflated traffic counts or static
estimations, Hive DOOH triangulates human-collected KPIs, machine-validated baseline data
from geospatial APls, environmental signals, and behavioural semantics from HSEN to
calculate human-visible events—the closest representation of real audience exposure.

This journal introduces the conceptual, architectural, mathematical, and business
foundations of Hive Engine DOOH. It demonstrates how contextual intelligence,
environmental sensing, cross-API validation, and event-based perception modelling
converge into a unified system that delivers measurable impact, operational transparency,
and future-ready media intelligence. Case studies from deployed Hive DOOH sites in
Yogyakarta and Solo provide concrete demonstrations of performance, location relevance,
and campaign efficiency.

Hive Engine DOOH is not theory. It is a verified, functional, and deployable system designed
to redefine the future of decentralized media intelligence.
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1. Introduction

The OOH industry is built on estimations that rarely correlate with real audience visibility.
Static traffic counts, outdated surveys, manual tallies, and inflated impression estimates
have shaped a system where reported figures often diverge significantly from what is
actually seen.

Hive Engine DOOH introduces an alternative:
a perception-first DOOH measurement architecture based on contextual awareness rather
than volume inflation.
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Hive DOOH is powered by the same philosophical foundation as HSEN:
e non-identifiable signals

e edge-first processing

e contextual intelligence

e respect-based governance

* human—Al co-awareness

Central to Hive DOOH is a triangulated truth model:
Human KPI x Machine Validation (APIs) x Environmental Awareness (HSEN)

This hybrid system provides stronger grounding than any DOOH measurement methodology
in use today.

It does not replace humans with Al—

it unifies human insight with machine clarity and environmental cognition to create shared
awareness.

2. Background — DOOH’s Core Measurement Problem

Out-of-Home (OOH) advertising has matured technologically in terms of display hardware,
content automation, and scheduling. However, the measurement foundation of the
industry has barely evolved in decades. Most OOH networks still rely on indirect estimates,
inflated assumptions, and manual methodologies that fail to capture the true perceptual
experience of audiences in real environments.

Hive Engine DOOH begins by addressing four systemic problems that create long-term
distortion in the value chain of DOOH.

2.1 Volume =z Visibility

Traditional OOH treats traffic volume as equivalent to impressions. This assumption is
fundamentally flawed. A vehicle passing a location does not automatically translate into a visual
perception event:

e the driver may be focused on traffic

e the viewing angle may be obstructed

¢ vehicle speed may be too high for meaningful exposure
¢ lighting conditions may render the screen unreadable

¢ the viewer may be facing the opposite direction

e content duration may not align with dwell time

In essence: Traffic count tells us “how many exist, “not “how many actually saw.”
This gap is the biggest inflation source in the DOOH industry. Hive DOOH removes the

equivalence between volume and visibility, replacing it with an awareness-based
perception model built on behaviour, context, and environmental conditions.
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2.2 Environmental Blindness

Standard DOOH reporting assumes every day is identical. It ignores dynamic environmental
factors such as:

e rain that reduces visibility

o fog/haze that dims screen readability

e bright sunlight that causes glare

o traffic jams that change viewing duration
e storms that reduce footfall

e rush-hour directional changes

e holiday seasonality

These environmental conditions shape real exposure far more than traffic counts alone. By
integrating:

e Weather API

e ambient light estimation

e HSEN conditional tokens

e Google Maps traffic pulses
e Hive API

Hive DOOH becomes aware of how the physical world affects perception. DOOH finally
becomes responsive to real-world physics, not static assumptions.

2.3 No Behavioural Semantics
Conventional OOH cannot distinguish between:

e people who dwell

e people who pass quickly

e people who look vs. don’t look

e event-driven surges

e post-event dispersals

e context shifts (morning vs. evening)

e anomalies (market day, road closure, school dismissal)

This creates a DOOH model that knows “how many,” but never understands “how they
behave.” Hive DOOH integrates behavioural semantics from HSEN, such as:

dwell_high
passby_spike
traffic_compression
evening_rhythm_shift
queue_forming
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These semantics allow DOOH to:

Interpret behaviour - not just count bodies. This shift is crucial for relevance and
campaign planning.

2.4 No Objective Validation

Traditional DOOH relies on operator-provided numbers:

o “estimated impressions”

o “observed traffic”

e “manual counts”

e “internal calculation methodologies”

These figures often cannot be validated. Hive DOOH introduces a multi-layer validation model:
Human KPI (primary input) professional survey, ground truth, local intuition.

Google Maps API baseline (machine validation) density, route flow, direction vectors,
congestion.

Weather API (environment correction) modifies perceptual coefficient.

Hive Watchdog / Social Pulse (event awareness) captures social-driven surges (concerts,
protests, celebrations, emergencies).

Together, these create:
A triangulated truth model

where no single source can bias the output. This is the first DOOH system where numbers:

e can be audited

e can be proven

e can be cross-validated

e cannot be inflated by operator bias

Hive DOOH Corrects All Four Problems Simultaneously

Hive Engine DOOH solves the industry’s systemic issues by integrating:

e volume - validated density

e environment - weather-aware visibility
e behavior - HSEN semantics

o validation - multi-API triangulation

In other words:

Hive DOOH replaces “estimated exposure” with
“environmentally-aware perceptual events.”
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3. Conceptual Framework — Awareness-Based DOOH

Hive Engine DOOH builds upon the philosophical and architectural foundation established
by the Hive Smart Engagement Node (HSEN). Instead of framing DOOH as a system that
counts traffic volume, Hive DOOH is positioned as a perception model—a way of measuring
how a location behaves, how humans interact with it, and under what conditions media
becomes truly visible.

This section establishes the core conceptual lens through which Hive understands and
evaluates DOOH performance. It redefines impressions not as numbers, but as
contextualized, cognitively grounded events.

3.1 Human-Visible Event Definition

In conventional DOOH, an “impression” is treated as a simple numerical increment. Anyone
passing through a detection zone is counted as an exposure—even when they may:

¢ not face the display

¢ not have visual clarity

o be distracted by traffic

e be blocked by physical obstructions

e experience lighting or weather interference

e orsimply pass too fast to absorb content
Hive DOOH rejects this assumption.

Instead, an impression is defined as:

“ An event in which a human has a perceptual opportunity to see the display under real
environmental and behavioural conditions. “

This subtle but crucial distinction means:
e Not every vehicle is an impression.
e Not every passer-by is an impression.

e Not every high-traffic location is valuable.

Hive DOOH follows the observable truth:
Visibility is contextual, not volumetric.

Thus, Hive shifts DOOH from:

e “How many passed here?” - to
e “How many could actually perceive the display?”

This forms the philosophical ground of awareness-driven DOOH.
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3.2 HSEN Behavioural Semantics

The Hive Smart Engagement Node introduces a new layer of environmental understanding
that DOOH systems previously lacked. HSEN does not track people—it interprets behaviors
and environmental rhythms through non-identifiable signals.

HSEN emits semantic tokens such as:

o dwell_high = clustering behavior that increases dwell-based visibility
e passhy_spike = fast-moving flows where exposure windows shrink

e traffic_compression - congestion that extends visibility duration

¢ rhythm_shift_evening = transitions where behavior changes with time
e queue_forming - extended dwell during stops

¢ anomaly_event = unexpected shifts (road closures, sudden crowds)

These tokens allow DOOH to adapt its:

e impression modelling

e expected duration of perceptual windows
e context-weighted visibility

e reporting accuracy

e content scheduling logic

Without HSEN, DOOH is blind to behavior. With HSEN, DOOH becomes behavior-aware,
rhythm-aware, and context-aware.

3.3 KPI Triangulation Logic

Human KPI remains the foundation of site understanding in Hive DOOH. Human observers
capture:

e local nuance

e street culture

e activity patterns

e pedestrian intuition
e community behavior

However, human observations can be biased or incomplete due to:
¢ limited observation periods
e subjectivity
e over- or under-estimation
e sample timing

e inconsistent methodology

Hive corrects these biases through machine validation using APl-based data sources:
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Google Maps API

¢ baseline density

o directional flow vectors
e route popularity

e congestion pulses

o speed-flow estimates

Weather API

e rainintensity

o visibility degradation
e sunlight glare

e storm anomalies

e haze (AQl) effects

Event API (Gov / Public Data / Ticketing)

e planned events
e market days

e concerts

e road closures

e ity activations

Hive Watchdog (Social Pulse Al)
e sentiment bursts around location
e viral events causing crowd surges
e unplanned activities (gatherings, protests, emergencies)
e location-linked social signals

By combining these sources:

Hive DOOH uses triangulated awareness to validate, calibrate, and refine KPI inputs to
remove bias and capture true contextual behavior.

This makes Hive DOOH the first DOOH system with cross-validated, multi-source
measurement integrity.

3.4 Co-Awareness Principle
The most important philosophical foundation of Hive DOOH is the Co-Awareness Principle.
Hive does not attempt to automate away human decision-making.

Hive does not replace human observation with Al.
Hive does not allow machine intelligence to dominate environmental interpretation.
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Instead, Hive DOOH integrates:

e human knowledge (KPI)
e machine clarity (API baselines)
e environmental awareness (HSEN semantics)

into a shared cognitive model of a location’s behavior.

This creates a cooperative intelligence system that is fundamentally different from Al-
driven automation models.

Co-awareness means:

e humans contribute intuitive insight
e systems contribute objective validation
e environments contribute contextual signals

All three become equal contributors to location truth.
This principle ensures that DOOH remains:

e ethical

e grounded

e interpretable

e community-respectful
¢ technologically robust

while achieving precision that purely human or purely Al systems cannot reach alone.

4. System Architecture

Hive Engine DOOH is built on a multi-layer architecture designed to convert real-world
environmental signals, human KPlIs, and machine baselines into a unified perception model.
It does not operate as a standalone calculator, but as a cooperative system where
awareness, behavior, and environmental context converge into a measurable value.

This section breaks down the internal mechanics of Hive DOOH, showing how each
subsystem works together to produce validated, context-aware, and bias-reduced DOOH
performance outputs.

4.1 HSEN - DOOH Awareness Pipeline

The Hive Smart Engagement Node forms the contextual backbone of the DOOH engine.
HSEN detects environmental rhythms and behavioural signatures derived from non-
identifiable signals (probe bursts, temporal clustering, flow patterns).
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Rather than measuring “how many vehicles” pass a location, HSEN identifies how the
environment behaves around the display.
Examples include:

e dwell_high — indicates increased visibility due to prolonged dwell

e passby_spike — signals rapid flows, reducing perceptual windows

e traffic_compression — slowdowns that increase viewing duration

¢ rhythm_shift_evening — transitions aligning with mood, lighting, and behavior
e queue_forming — significant stationary density

¢ anomaly_event — sudden changes driven by environmental or social triggers

These context tokens become behavioural modifiers in the DOOH engine.
They do not override human KPIs or machine baselines — instead, they form the third
strand of Hive’s triangulated awareness model.

4.2 DOOH Core Engine

The DOOH Core Engine is a layered computation system that transforms input signals
(human, machine, and environmental) into perceptual-ready outputs.

This internal structure is what makes DOOH Hive not just a concept, but a working engine
with measurable logic.

4.2.1 Visibility Pre-Processor
This module establishes the geometric and spatial conditions required for perception:
e viewing angles
¢ lane distance mapping
e approach vector
e screen height & placement

e turn-angle visibility
e obstruction likelihood

Visibility is never assumed. It is calculated.
The output is a baseline coefficient:

0_view(v) = geometric visibility factor
4.2.2 Behavioural-Environmental Fusion Layer
Here the engine synthesizes:

e HSEN tokens
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o weather conditions

e lighting conditions

e speed-flow behavior

e micro-rhythm signatures

The engine generates a fused real-time coefficient:
6_context(t) = f(HSEN_behavior, environment_state, temporal_rhythm)

This ensures that impressions are weighted by what the environment is actually doing, not
generalized assumptions.

4.2.3 KPl Harmonization Kernel

” u

Human KPIs (“traffic count”, “hourly volume”, “peak estimation”) are essential but subject
to bias. The harmonization kernel validates human KPls using:

¢ Google Maps baseline density
e direction vectors

e congestion pulses

¢ speed-flow patterns

e temporal consistency checks
e deviation comparison

Bias is reduced using harmonic mean logic:
KPI_final = H(KPI_human, KPI_api)

Why harmonic mean?

e prevents extreme over-reporting
e preserves human intuition
e anchors numbers to objective baselines

This module transforms DOOH from operator-claimed - operator-validated.

4.2.4 Temporal Context Modulator

Every environment has rhythms.
This module applies time-based weighting:

e morning commuter rhythm
e lunch-hour dwell

e evening peak

e weekend shift

e special event phases

The modulator aligns DOOH interpretations with the real temporal character of each location.
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Output is a temporal multiplier:
t(t) = rhythm-based time coefficient

This coefficient influences the Dailylndex calculation.

4.2.5 Perception Opportunity Engine

This is the heart of the DOOH system. It determines whether a perceptual opportunity
existed, combining:

o visibility

o dwell potential

e speed-loss gain

e environmental clarity
o fused context

e KPI_final

Final perception opportunity is defined conceptually as:
PO = 6_view x B_context x t(t) x KPI_final

Where PO = Perception Opportunity. This is the true basis for DOOH impressions in Hive.

Not traffic. Not assumptions.
But modelling the opportunity for humans to actually perceive media.

4.3 Multi-API Ecosystem Integration

Hive DOOH integrates multiple data sources not for surveillance, but to understand
environmental truth surrounding each site.

4.3.1 Google Maps Traffic API
Provides:

e baseline density

o speed-flow trajectory

e congestion mapping

o directional flow patterns

e route popularity

e temporal variation

This APl is essential for bias correction.

4.3.2 Weather API

Unlike typical DOOH that assumes clear conditions, Hive DOOH directly integrates:
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e rain intensity
o fog/haze optical attenuation
e sunlight glare
e storm disruption
e visibility index
e humidity impact
Weather becomes part of visibility:

0_env = visibility(weather_state)
4.3.3 Event-Based API
This captures:
o festivals
e concerts
e mall events
e market-day surges
e road closures
e political gatherings
Events often shape traffic behavior more than normal patterns.
4.3.4 Hive Watchdog — Social Pulse Intelligence
Hive Watchdog surveys only public digital ambient signals, not people.
Tracks:
e trending topics near coordinates
o geotagged activities
¢ sudden attention shifts
¢ emergency-related conversation bursts
¢ influencer-driven crowd shifts

e hyperlocal sentiment

Hive DOOH uses Watchdog to detect unplanned surges — something even Maps cannot
detect instantly.

This is the “third eye” of contextual DOOH.

4.4 Unified Awareness Flow
This final architectural principle ensures Section 4 flows naturally into Section 5.

Hive DOOH unifies:
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1. Human Insight (KPI_human)

Local knowledge, observational context, cultural nuance.
2. Machine Baseline (KPI_api)

Objective density + mobility validation.

3. Environmental Cognition (HSEN tokens)

Real-world rhythms, behavior, perception conditions. These three form a unified perceptual
model:

Awareness_DO O H = f(KPI_human, KPI_api, HSEN_context, environment)
This unified flow becomes the input to:

e impression modelling

e Dailylndex calculation

e campaign performance interpretation
e business logic mapping

This flow ensures DOOH Hive is not a theoretical system, but a practical cognitive engine
rooted in triangulated truth.

5. Impression Modelling (High-Level + Light Math)

Traditional DOOH defines impressions through volumetric logic: more vehicles = more
impressions. This approach ignores the fundamental truth that visibility requires perception,
and perception requires the alignment of:

¢ human behavior,

e environmental conditions,
e motion dynamics,

e viewing geometry, and

e contextual awareness.

Hive Engine DOOH introduces a new generation of impression modelling grounded in
perceptual opportunity, not traffic volume. The model operates under the principle:

An impression only occurs when a human is in a state where perceiving the media is
physically, cognitively, and contextually possible.

To achieve this, Hive DOOH fuses behavior (HSEN), environment (APls), geometry (viewing
windows), and human insight (KPI) into a single, dynamic understanding of how impressions
form in the real world.
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5.1 Foundations of Perception-Based Impressions
Hive DOOH treats impressions as a probability-weighted perceptual event, influenced by:
A. Motion State of Audience

e stopped

¢ slow movement
e pass-by flow

e rapid transit

B. Environmental Clarity

e rain impact

e haze

o daylight glare

o artificial lighting

o weather unpredictability

C. Behavioural Rhythm
o dwell clusters
e queue formation
e peak-hour compression
e transitional shifts
D. Spatial Geometry
e angle-of-approach
e screen height
o lateral positioning
o distance-from-lane
E. Context Fusion
e HSEN semantic tokens
¢ Google Maps traffic pulses
e social pulse anomalies

e event-based surges

Hive DOOH merges these elements into a perception model rather than a count model.

5.2 Mathematical Abstraction: Opportunity-Based Impressions

To show DOOH Hive is not theoretical, we express the model with conceptual math —
credible but readable.
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5.2.1 Human Perceptual Opportunity (HPO)

This represents the probability that a human can perceive the display under current
conditions.

HPO(t) = 6_view x B6_env x 8_behavior x KPI_final
Where:
e B_view = geometric visibility coefficient
e B_env = environmental clarity factor
e 0_behavior = behavior-context multiplier (HSEN)

e KPI_final = validated density base (human x machine harmonic)

HPO is the beating heart of Hive DOOH.

5.3 Stopped Impression — High-Value Visibility Window

Stopped vehicles offer the highest perceptual quality because they provide:
e stationary perception
e longer dwell time
o focused visual attention

o fewer motion distractions
Hive DOOH models this as:
Impr_stop =S x V_stop x 6_env x 6_behavior
Where:

e S=stop-density
e V_stop = visibility window for stationary state

Key insight:

StoppedImpr is not linear.
When HSEN detects traffic_compression, queue_forming, visibility value spikes.

Hive DOOH captures these spikes; traditional DOOH does not.
5.4 Pass By Impression — Motion-Based Exposure

Pass-by flows create short perception windows. Traditional DOOH inflates these numbers
as equal to stopped vehicles.

Hive DOOH corrects this by adding motion-based clarity:
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Impr_pass =P xV_pass x _speed x 0_env
Where:
e P =pass-by density
e V_pass = reduced visibility window
e |_speed = motion-impact coefficient (inverse to speed)

This ensures:

o faster flow - lower impression probability
o slower flow = higher perceptual relevance

This is physics-aware DOOH.

5.5 Environmental Visibility Model
Environmental conditions must adjust impressions.
Hive DOOH applies:
6_env =1 - (o_rain x R) - (a_haze x H) - (a_glare x G)
Where:

e R =rain intensity

e H=haze/particulate density

e G =glare factor

e o_*=-environment impact coefficient

This keeps DOOH honest.

Rainy day # same impressions as sunny day.
Traditional DOOH pretends otherwise.

5.6 Behavioural Context Weight (HSEN Fusion)

HSEN contributes the context of human behavior around the location:
6_behavior =1 + (B_dwell x Dwell) + (B_compress x Compress) — (B_pass x PassRate)
Where:

e Dwell = dwell semantic

e Compress = density compression

e PassRate = fast-flow dominance

This converts behavioral semantics & mathematical influence.
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This is where Hive DOOH surpasses anything in the market today.

5.7 Social & Event Pulse (Hive Watchdog Integration)
Sudden crowd surges identified by Watchdog alter perception quickly.
C_social =1+ o_event

If a concert happens nearby - o_event spikes.
If a protest erupts - o_event shifts visibility.
If an influencer shows up = o_event increases relevance.

Hive DOOH captures human movement shaped by social dynamics — an industry first.

5.8 Final Impression Model — Unified Perception Equation
Hive DOOH impressions are not additive; they are contextually weighted.

Final conceptual formula:
Totallmpr = (Impr_stop + Impr_pass) x 8_context x t(t) x C_social
Where:

e 0B context = behavioral + environmental fusion
e 1(t) = temporal rhythm factor
e C_social = social pulse factor

This formula makes Hive DOOH:

o scientifically grounded
e perception-centric

e context-aware

¢ multi-source validated
e weather-aware

e social-aware

e behavior-aware

In short: REAL
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6. KPI Validation Layer — Bias Reduction Through Human—Machine
Triangulation

Human-conducted KPI measurements are essential for understanding DOOH performance.
They capture:

e local nuance

e micro-behaviors

o cultural patterns

e human interpretation of space

o footfall quality

e subjective but meaningful insights

However, human KPIs alone are prone to bias:

e limited sampling windows

o selective observation

e overestimation due to expectation

¢ underestimation due to noise

¢ inconsistent methodology

e anchoring bias

e operator-driven inflation (industry-wide issue)

To eliminate these distortions without diminishing human expertise,
Hive introduces the KPI Validation Layer.

6.1 Two Inputs, One Truth
Hive DOOH validates KPI using two independent sources:
A. Human KPI

¢ manual counts

e on-site observation
e operator logs

e local insight

e community rhythm

B. Machine Baseline KPI (API-driven)

e Google Maps traffic density

e direction vectors

¢ speed-flow patterns

e congestion pulses

e temporal mobility curves

¢ environmental modifiers (weather)
e event surges (Watchdog + Event API)
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Each source has strengths and weaknesses:

Source Strength Weakness

Human KPI || context-rich subjective

Machine KPI || objective lacks nuance

Hive does not choose one over the other. Hive combines them.
6.2 Harmonic Mean Bias Correction
Hive applies harmonic mean to combine the two sources:
KPL_final = H(KPI_human, KPI_api)
Harmonic mean is intentionally chosen because:

e it penalizes extreme values

e it prevents inflation

e it keeps results conservative

e it anchors both inputs equally

e it respects natural human judgment

¢ AND aligns with the co-awareness philosophy of Hive

If operator overestimates - API corrects downward.
If APl underestimates - human KPI corrects upward.

No manipulation possible, no dominance possible.
6.3 Behavioural & Environmental Adjustment Before Finalization
Machine baseline is further adjusted using:
e HSEN behavioural semantics (dwell_high, traffic_compression)
e Weather API (rain, glare, visibility loss)
e Social Pulse (Watchdog)
e Local event modifiers
This produces:
KPI_blended = KPI_api x 6_behavior x 8_env x F_event

Then:

KPI_final = H(KPI_human, KPI_blended)
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Now, KPI_final becomes:
« the most accurate
¢ least biased

o fully validated
e context-aware representation of real density around the display

6.4 Role of KPI_final in Hive DOOH
KPI_final is fed into:
A. Impression Modelling (Section 5)
-> as foundational density input for S (stop-rate) and P (pass-by rate)
B. Dailyindex (Section 7)
- affecting performance relevance per day
C. Business Reporting
- making analytics transparent & auditable
D. Campaign Pre-Planning
- enabling data-aware location selection
With this, Hive DOOH becomes the first DOOH measurement system that:
¢ values human judgment
e eliminates human distortion
e embraces machine objectivity
e integrates environmental cognition

e produces provable KPI output

This is EXACTLY “pure Hive philosophy”:
Co-awareness, not automation.

7. Dailyindex Model

The Dailylndex is the core performance score used by Hive Engine DOOH to represent the
perceptual visibility potential of a display for any given day. Unlike traditional DOOH metrics
that treat all days as equal, the Dailylndex dynamically adapts to environmental, behavioral,
temporal, and event-driven conditions.
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Dailylndex transforms raw density values (validated from KPI_final) into a context-weighted
performance figure that captures how real-world circumstances shape human perceptual
opportunities.

It is not an estimate. It is not a guess. It is a contextual truth-output of the environment
and human behavior that surrounds the media location.

7.1 Dailyindex Structure

The Dailylndex combines five contextual factors:
Dailylndex = F_day x F_week x F_weather x F_context x F_event

Each factor represents a dimension of environmental or behavioural influence. The
multiplication structure ensures that no single factor dominates the output — every
dimension contributes proportionally to the final performance.

7.2 F_day — Day Factor (Behavioural Weekly Signature)
Human mobility follows consistent behavioural rhythms across the week:
Days of the week have predictable patterns. This is not an assumption—it is supported by:

o traffic trajectory curves

e behavioural clustering

¢ Google Maps density profiles
e HSEN rhythm detection

Example (week standard from google values):

¢ Monday = 100%

e Tuesday=-5%

e Wednesday =-7%

e Thursday =-3%

o Friday =+2%

e Saturday = weekend pattern
e Sunday = +7% from Saturday

DayFactor reflects systemic weekly human behavior, not speculation.
7.3 F_week — Week Factor (Seasonality & Monthly Variability)
Weeks in a month also carry rhythm:

e salary week

e grocery week
e payday weekend
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¢ holiday drift
e weather season shifts

Your baseline (example):

e Week1=100%

e Week2=110%

e Week 3 =90% (weather-drop)

e Week 4 = 85% (persistent weather suppression)

WeekFactor allows DOOH to recognize extended patterns, not just daily variations.
7.4 F_weather — Environmental Perception Multiplier

Weather changes DOOH visibility dramatically.

Hive represents weather through a clarity function:

F_weather = 1 - (a_rain x R) - (o_haze x H) - (a_glare x G)

Where:

e R =rainintensity

e H=haze/air quality

e G =glare (sun orientation vs display axis)
e a = calibrated weather impact coefficients

WeatherFactor ensures DOOH output respects real-world physics:

e rain reduces visibility

¢ haze dims clarity

o glare affects daytime readability
e night-time enhances LED strength

Traditional DOOH assumes perfect conditions. Hive DOOH assumes real conditions.
7.5 F_context — Behavioural Context (HSEN Semantics)

HSEN provides non-identifiable behavioral intelligence:

dwell_high
queue_forming
traffic_compression
passby_spike
rhythm_shift_evening

These signals modify Dailylndex through:

F_context =1 + (B_dwell x Dwell) + (B_compress x Compress) — (B_pass x PassRate)
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This reflects how people behave today, not generic assumptions.

If HSEN detects evening-dwell surge - F_context increase.
Jika pass-by fast - F_context decrease.

Hive DOOH becomes behavior-aware, not behavior-ignorant.

7.6 F_event — Event & Social Pulse Modifiers
Events reshape human mobility instantly.

Hive DOOH integrates:

Event API

e scheduled concerts
e mall activations

e sports events

e cultural festivals

e road closures

e public holidays

Hive Watchdog (Social Pulse)
¢ sudden crowd-coded spikes
¢ trending topic near location
o influencer-driven traffic

e emergency-based movement
e hyperlocal sentiment bursts

EventFactor:
F_event=1+0_event
When Watchdog or Event API detects crowd surges, Dailylndex responds immediately.

This is real-time DOOH awareness.

7.7 How KPL_final Integrates Into Dailylndex

KPI_final (from Section 6) becomes the density anchor for all Dailylndex components.
Dailylndex is not computed independently—it is grounded by KPI_final.

Conceptually:

o KPI_final informs the base “traffic truth”
o Dailylndex adjusts based on context
e Together they form context-weighted density intelligence
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This makes DOOH Hive unique:

Density grounded in human observation + API validation = truth.

Context grounded in HSEN = awareness.
Combined = Dailyindex.

7.8 Interpretation of Dailylndex Values
Dailyindex > 1.0
Enhanced visibility condition:
e good weather
e eventsurge
e high dwell
e evening peak
e slower flow
Dailyindex ~ 1.0
Normal expected condition.

Dailyindex < 1.0

Reduced visibility condition:

e rain
o fast-flow
e low dwell

e morning low rhythm

Dailylndex is not a prediction — it is the environmental truth of the display’s visibility

today —

7.9 Why Dailylndex Matters for Industry
Dailylndex allows:

e campaign planning precision

e performance transparency

e adaptive pricing

e relevance measurement

e post-campaign impact analysis

e operational benchmarking across sites
e data-driven location selection
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This is what transforms DOOH Hive from
a media system - into a performance intelligence engine.

8. Business Applications

Hive Engine DOOH is not just a technological advancement. It is a business transformation
layer for the DOOH industry. By combining human insight, machine validation, behavioral
semantics, environmental clarity, and event awareness, Hive DOOH introduces a level of
transparency, precision, and reliability that has never existed in traditional DOOH
operations.

This section outlines how Hive DOOH transforms theoretical contextual intelligence into

tangible business value for operators, advertisers, brands, government agencies, and media
planners.

8.1 Strategic Value — A New Standard for DOOH Integrity

Hive DOOH delivers a multi-dimensional strategic value proposition designed to correct
systemic weaknesses in the DOOH industry.

Anti-Inflation Reporting
Traditional DOOH numbers are often inflated. Hive DOOH uses:
e human KPI
¢ APl baseline validation
e HSEN behavioral context
e environmental multipliers
to produce bias-resistant, audit-friendly outputs.

Transparent Auditability

Every component of Hive DOOH —

e density
e context
e weather

e eventsignals —
can be referenced, traced, and cross-validated.

Transparency creates trust. Trust creates long-term partnerships.
Bias Reduction

The KPI Validation Layer blends human judgment with objective APl data using harmonic
mean. This prevents:
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e overclaims
e underestimation
e operator manipulation

It grounds performance in truth.
Contextual Intelligence
With HSEN semantics, Hive DOOH interprets:
o dwell vs pass-by
e slow-flow vs fast-flow
e rhythm shifts
e anomaly awareness
¢ environment-specific behaviors
This moves DOOH from counting bodies = reading behavior.
Predictive Planning
By integrating:
o Google Maps patterns
e Event API
e Watchdog sentiment
e Historical HSEN rhythms

Hive DOOH becomes not only reactive, but predictive.

Pre-campaign planning becomes scientific, not speculative.

8.2 What Hive DOOH Enables for the Industry

Hive DOOH introduces new capabilities that directly impact business outcomes, especially
for advertisers and media strategists.

1. Pre-Campaign Relevance Testing
Brands can test:

e location relevance

o expected dwell time

o flow behavior

o visibility conditions

BEFORE placing a campaign.

This eliminates guess-based media buying.
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2. Efficient Budget Allocation
Campaign budgets can be reallocated based on:
e DailyIndex patterns
e event-driven visibility
e weather-based clarity
e behavioral peaks
e KPI_final accuracy
Advertisers no longer buy “screens”; they buy relevance.
3. Evidence-Based Media Buying
Every number in Hive DOOH:
e isvalidated
e is contextual
e isdocumented
e can be audited
e has areasoning chain
This sets Hive DOOH apart from other operators.

4. Al-Validated KPI

Human KPI remains primary.
Al does not replace it — Al validates it.

Hive DOOH harmonizes:
e human intuition
¢ machine clarity
e environmental truth
This reinforces Hive’s co-awareness philosophy.
5. Awareness-Weighted Pricing
Pricing becomes dynamic:
¢ higher on high-visibility days
e lower on suppressed days
e adjusted for events

o adapted to real environmental opportunities

This creates fair pricing for both operator & advertiser.
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6. Campaign Impact Measurement
Dailylndex + contextual tokens allow operators to measure:
e uplift
e behavioral change
e relevance alignment
e resonance with local rhythms
Impact measurement becomes real, not estimated.
7. Post-Campaign Uplift Detection
Hive DOOH can observe:
e increased dwell
e repeated patterns
e improved perception windows
¢ changes in traffic behavior

e campaign-day specific shifts

This supports R&D advertising —
engagement backed by evidence, not assumptions.

8.3 Pricing Model — Awareness-Aligned Economics

Hive DOOH introduces a conceptual pricing formula:
Price = Base x Dailylndex x C_relevance
Where:
e Base =site’s foundational rate
o Dailylndex = contextual performance multiplier
e C_relevance = brand-to-location alignment coefficient
This transforms DOOH pricing into:
e performance-based
e relevance-based

e awareness-driven
¢ environmentally aligned

Operators gain fairness. Advertisers gain efficiency.
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8.4 Why Hive DOOH Is PROOF, Not Speculative Theory
Hive DOOH is already operational and battle-tested at multiple live sites:
e Galeria Mall Jogja
e Tirtonadi Terminal
e Panti Waluyo Solo
This means it is not a conceptual proposal, but a deployed system.
Real Traffic Integration
The engine combines:
¢ human KPI
¢ Google Maps data
e weatherinput
e HSEN behavior
e social pulse
This is REAL data, not theoretical modelling.
Verified Multi-Layer Validation
Every number is:
o validated
e contextualized
e cross-checked
e bias-reduced
Operators cannot inflate performance. Advertisers cannot be misled.
Real-Time Awareness
HSEN runs awareness logic continuously:
¢ rhythmic shifts
o dwell surges
e pass-by changes
e environmental impact

e anomalies

DOOH finally has a brain.
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Cross-API Correction
The system aligns human insight with:
e Maps baseline
o Weather clarity
e Event-driven traffic
e Social dynamics
This multi-source integration is not available in any DOOH system today.
Business-Ready Reports
Hive DOOH outputs are:
e clean
e auditable
e contextual
e easy to understand
e traceable to underlying data
Media planners can act on it immediately.
Live Monitoring
Through HSEN + multi-API fusion, Hive DOOH reacts to:
e rain
e crowd surges
e slowdowns
e events

e anomalies

This turns DOOH into a “living” system, not a static display.

9. Case Studies — Field Validation of Hive Engine DOOH

Real-world deployments demonstrating contextual, behavior-aware DOOH intelligence

This section presents evidence from three operational Hive DOOH sites in Yogyakarta and
Solo, Indonesia. These case studies demonstrate that the Hive DOOH framework is not
hypothetical but already producing measurable performance signals in real commercial
environments.

Each site exhibits unique contextual, environmental, and behavioral characteristics. The
Hive DOOH engine successfully interprets these conditions through HSEN semantics, multi-
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APl validation, and perception-based modelling — allowing us to observe a true
performance identity for each location.

9.1 Case Study A — Galeria Mall Jogja

Location Type: Premium urban mall

Visibility: Dual-view panel (2 directions)

Dwell Time: ~150 seconds (combined red light dwell for both views)
Audience Behavior: Shopper-driven, rhythmically influenced by retail activity
HSEN Semantics: dwell_high, evening_peak

Contextual Observations

Galeria’s DOOH unit benefits from exceptionally long stationary times due to signal phases
and dense evening traffic near the mall entrance. HSEN detected:

e recurring evening dwell surges

e mall-driven clustered pedestrian patterns
e consistent after-work rhythm shifts

e pre-weekend behavioral intensification

Operational Reasoning

Long dwell windows increase the perceptual clarity of content. Retail-driven behavior
produces stronger engagement opportunities compared to commuter-heavy environments.

Performance Interpretation

Because KPI_final at Galeria is anchored by strong stop-density, its contextual score is
consistently above baseline during the 16:00—-20:00 window.

Resulting Expression

KPI_validated = KPI_human x KPI_API x HSEN_context

For Galeria, HSEN_context frequently > 1.0

- amplifying perceptual opportunity

-> confirming location quality with empirical behavioural evidence.

Galeria is a high-dwell, behavior-dense location, where the system demonstrates its ability

to capture nuanced human clustering patterns that traditional DOOH measurement simply
cannot detect.

9.2 Case Study B — Tirtonadi Terminal (Solo)

Location Type: Urban bus terminal
Visibility: Strong frontal exposure, multi-lane
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Behavior Shape: High stop-density, operational dwell
HSEN Semantics: queue_forming, morning_surge, traffic_compression

Contextual Observations

Tirtonadi demonstrates a visibility pattern influenced primarily by public transit operations.
HSEN identified:

e predictable morning operational surges

e queue formation during bus cycling

e prolonged stationary visibility due to loading/unloading
e compression effects in the vehicle line-up

Operational Reasoning

Unlike mall or high-speed DOOH locations, Tirtonadi's value is defined by forced dwell, not
pass-by flow. This generates premium perceptual opportunity, especially during AM peak
hours.

Performance Interpretation

KPI_final for Tirtonadi typically stabilizes at a conservative baseline (machine-validated), but
HSEN’s behavioral signals elevate contextual relevance significantly during operational
cycles.

Tirtonadi is a behavior-heavy, low-speed environment, proving Hive DOOH's capability in
modelling stop-based perception opportunities in transit nodes — an area where most
DOOH system:s fail.

9.3 Case Study C — Panti Waluyo (Solo)

Location Type: Roadside corridor

Visibility: Asymmetrical, directional
Behavior Shape: High pass-by, low dwell
HSEN Semantics: passby_spike, flow_acceleration

Contextual Observations

Panti Waluyo’s DOOH unit sits on a corridor dominated by through-traffic with minimal
stopping. HSEN detected:

o frequent fast-flow pass-by spikes

e directional visibility imbalance

e shorter perceptual windows

o time-of-day acceleration and deceleration patterns
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Operational Reasoning

This location does not generate strong stationary viewing opportunities. Instead, exposure
depends heavily on speed-flow dynamics and directional visibility alignment.

Performance Interpretation

Here, KPI_final is anchored more by APl-validated flow than by behavioral dwell.
HSEN_context factors such as passby_spike reduce visibility opportunity appropriately.

Panti Waluyo demonstrates the system’s ability to handle low-dwell, high-speed DOOH

contexts, adjusting impressions downward when perception windows shrink — ensuring
accuracy instead of inflation.

9.4 Cross-Case Insights — Industry Interpretation & Strategic Impact

Across the three sites, the Hive DOOH engine demonstrates behaviourally consistent,
environmentally aware, and machine-validated perception output.

Core Academic Insights
1. Location relevance becomes empirically measurable
Hive DOOH identifies each site’s true behavioural signature:
¢ high-dwell (Galeria)
e operational-dwell (Tirtonadi)
o fast-flow (Panti Waluyo)
This produces data-driven location identity.
2. Advertising becomes behavior-based, not guess-based
Instead of buying screens blindly, advertisers buy:
o dwell opportunity
o traffic behavior
e contextual rhythm
e perceptual windows
This is behavior buying - not location buying.
3. Pre-campaign planning becomes scientific

Advertisers can evaluate:

o expected visibility
e environmental risks
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¢ dwell potential
e rhythm alignment

before booking.
4. Post-campaign uplift becomes quantifiable
The system can detect:

e additional dwell

¢ context changes

e rhythm alterations

e micro-level anomalies

e perceptual opportunity increments
Campaign uplift becomes measurable.
5. Budget efficiency increases significantly
By combining:

e human KPIs

e machine baselines

e behavioural semantics

e environmental factors
advertisers minimize waste and optimize targeting.

This is R&D-powered advertising, not intuition-only advertising.
6. A new media metric emerges — Perceptual Truth
Hive DOOH output is:

e validated

e contextual

e dynamic

e behavior-aware

¢ not inflated
This produces a deeper form of metric integrity not present in traditional DOOH.
7. Hive DOOH establishes a new measurement paradigm
The system elevates DOOH into a field where:

e behavioral sciences

¢ environmental modelling

e API-driven accuracy
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e cognitive opportunity modelling
¢ and machine-aided bias reduction

converge into a single intelligence layer.

These three sites prove that Hive DOOH is not hypothetical or conceptual. It is a functioning
contextual-media engine capable of interpreting complex real-world behaviors and
environmental signals with precision.

It demonstrates a new DOOH paradigm:

Truth over assumption.

Awareness over volume.

Behavior over traffic count.

Validated perception over inflated impressions.

10. Ethical Considerations — Contextual Intelligence Without
Surveillance

Hive Engine DOOH operates on a foundational principle shared across the entire Hive
ecosystem: intelligence must never violate human dignity.

While conventional DOOH measurement systems often rely on invasive or opaque data
practices such as tracking, persistent identifiers, behavioral profiling, or hidden data
extraction, Hive DOOH is engineered to deliver contextual awareness without observing or
identifying individuals.

This section formalizes the ethical pillars guiding Hive DOOH, ensuring that the system
remains transparent, respectful, and aligned with societal expectations of public space
safety and privacy.

10.1 Non-Identifiability as a Core Design Rule
Hive DOOH never collects:

e MAC addresses

o personal identifiers

o device fingerprints

e movement histories

e behavioral profiles

e demographic inference
e cross-device tracking
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Ambient signals captured by HSEN are:

¢ ephemeral

e hashed/irreversible

e processed locally

o discarded immediately after contextualization

This architecture ensures that DOOH intelligence emerges from:

e rhythms
e patterns
e anonymized densities
e behavioral transitions

—not from tracking people.
10.2 Context over Identity
Hive replaces:

X identity
X demographic assumptions
X personal profiling

with:

+/ behavioral context

+/ environmental state

+/ human-visible opportunity
+ rhythm mapping

+/ perceptual modelling

The system focuses on how the environment behaves, not who is in it.

This is a strict philosophical stance:
Hive DOOH observes the environment, not individuals.

10.3 Transparency & Public Accountability
All Hive DOOH deployments must follow:

e clear public-facing explanations

e signage or digital disclosures

e operator transparency documentation
o ethical use policies

o data handling rules

e accessible audit trails
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This ensures that:
e the public understands the system
e advertisers trust the numbers
e regulators can examine the logic

e site operators cannot manipulate results

Hive DOOH is designed to be fully auditable, which is rare in the DOOH industry.
10.4 Minimal Data Principle
Hive DOOH uses only the data required to understand context, not people.
Input categories:

e ambient behavioral signals

e environmental conditions

o traffic baseline (API)

e event awareness

¢ social pulse

¢ meteorological data

No unnecessary personal data enters the system.

If a data point does not serve contextual perception, Hive does not collect it.

10.5 Co-Awareness and Human Agency
The Hive model is built on the principle of co-awareness:
e humans provide foundational KPIs
e machine intelligence validates density and environment
e HSEN intelligence interprets rhythms and behavior
e DOOH Engine fuses all three
Hive does NOT follow the “Al-replaces-humans” paradigm.

Instead, it follows this structure:

Human intuition x Machine validation x Environmental cognition
= Shared Awareness

This prevents:
¢ Al dominance

e over-automation
¢ removal of human judgment
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and creates a harmonic, cooperative intelligence structure.
10.6 Ethical Environmental Modeling

Environmental inputs such as:

e rain

e haze

o traffic conditions
e speed

e event surges

e glare

¢ time of day
are treated as public environmental data, not personal data.
Climate and environmental signals are used to understand:

¢ what people can see

e how perception fluctuates

e how visibility changes with conditions

This is non-human data with high ethical safety.

10.7 Anti-Manipulation & Operator Integrity
Hive DOOH measurement is resistant to manipulation because:

¢ human KPIs cannot inflate beyond machine baselines

¢ machine baselines cannot distort without human correction
e HSEN semantics further verify environmental behavior

o all data sources are cross-validated

This prevents:
o inflated impressions
o fabricated numbers
e marketing-driven over-claims

¢ manual bias injection

Hive DOOH is a truth-first system.
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10.8 Responsible Use in Public Space
Hive DOOH ensures:

e nosurveillance

e no data harvesting

e no privacy compromises
e no behavioral tracking

e no end-user profiling

This allows DOOH contextual intelligence to coexist with:

e publicrights

e civic ethics

e societal expectations
e community trust

Hive’s stance: public awareness should never come at the cost of public dignity.
10.9 Alignment with Hive’s Ethical Framework
Hive DOOH inherits and applies core Hive doctrine:

o Respect-first governance

¢ Non-intrusive awareness

o Edge-first autonomy

o Ephemeral data processing
e Transparent logic

o Explainable outcomes

e Cooperative intelligence

Hive DOOH is designed to be human-aligned, not extraction-aligned.
Hive Engine DOOH establishes an ethical paradigm where:
e contextual intelligence
e environmental cognition
o multi-layer validation
are achieved without personal data of any kind.
This is one of the most important scientific contributions of Hive: “a DOOH framework that

is both intelligent and ethical, both modern and non-invasive, both precise and human-
centric.”
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11. Limitations & Future Work

Understanding system boundaries and ongoing research directions

Hive Engine DOOH introduces a novel measurement paradigm that integrates
environmental sensing, machine validation, behavioral semantics, and human insight into a
unified perception framework. While the system delivers substantial improvements over
traditional DOOH methodologies, it also operates within certain limitations and opens
opportunities for continued research and refinement.

This section outlines the current constraints of the system and the strategic development
roadmap for expanding Hive DOOH’s capabilities.

11.1 Limitations

Even though Hive DOOH represents a technological leap, it is essential to acknowledge
inherent limitations that arise from environmental complexity, data variability, and the
nature of contextual intelligence.

1. Sensor Variability & Environmental Noise
HSEN relies on ambient signals that may fluctuate based on:

e device density

e weather interference

e electromagnetic noise

e unpredictable crowd patterns

e constrained geometry in certain streets

Although contextual fusion mitigates anomalies, the physical world remains inherently
noisy.

2. Dependency on APl Quality & Availability
Hive DOOH integrates:

e Google Maps API

e Weather API

e Event API
¢ Social Pulse (Watchdog)

API| data may be affected by:
e rate limits
e temporary data gaps

e regional inconsistencies
¢ latency or refresh intervals
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¢ availability constraints

Though the system cross-validates multiple sources, APl dependency is an operational
reality.

3. Context Modeling Complexity

Behavioral contexts (dwell, compression, anomalies) are influenced by:
e spontaneous events
e unpredictable surges
o cultural patterns

e unpredictable human behavior

While HSEN captures rhythm and shape, human behavior always contains stochastic
variance that cannot be fully modelled.

4. Limited Historical Depth in Early Deployments
As Hive DOOH continues to expand, earlier deployments may have:
e shorter historical datasets
e incomplete seasonal patterns
e immature behavioral baselines
Contextual accuracy improves over time as rhythm signatures accumulate.

5. No Direct Measurement of Human Attention

Hive DOOH models perceptual opportunity, not “actual gaze,” because Hive never collects
personal data or eye-tracking metrics.

This is an ethical boundary —but scientifically, it means DOOH cannot claim literal
“attention,” only visibility potential.

6. Impact of Extreme Outliers

Unusual events (storms, accidents, road closures, viral gatherings) may skew short-term
readings. Hive can detect anomalies, but extreme outliers can temporarily distort index
values.

7. Operator Adoption & Transition Cost

Traditional DOOH systems accustomed to inflated numbers may resist adoption of
transparent, context-based metrics. Transitioning to validated impressions requires:

e new reporting culture
e education
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e operational adjustment

Hive DOOH is accurate — but accuracy is disruptive to legacy practices.
11.2 Future Work

Hive DOOH is not a static system; it is a continuously evolving contextual intelligence engine.
The following research and development directions represent our commitment to long-term
innovation.
1. Predictive Content Scheduling
Integrating Dailylndex and HSEN semantics to dynamically select content based on:
e dwell forecasts
e event patterns
e social pulse bursts
o traffic compression trends
This evolves DOOH into situational-aware content delivery.
2. Multi-Node DOOH Mesh Networks
Deploying multiple DOOH units connected through a shared HSEN network enables:
e cross-location behavioral mapping
e rhythm propagation inference
e area-level visibility modelling
o distributed perception networks
This will evolve DOOH into location mesh intelligence.
3. Dynamic Pricing Models
Building on Dailylndex and KPI_final, Hive will explore:
e time-block-based pricing
¢ weather-adjusted pricing
e event-responsive pricing
¢ relevance-based pricing frameworks
This aligns economic value with contextual performance.
4. Deeper Integration with Hive Watchdog

Enhancing Watchdog to detect:

¢ hyperlocal sentiment clusters
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e micro-event prediction
e social-driven flow anomalies
e geospatial narrative trends
This will strengthen DOOH’s real-time relevance detection.
5. Extended Environmental Intelligence
Expanding environmental modelling to include:
o lux-based visibility curves
¢ shadow trajectory models
e noise-to-visibility impact
o surface reflectivity modelling
This will produce a richer perception physics engine.

6. Machine-Learning—Enhanced Fusion Layer

While Hive avoids black-box Al for ethics and interpretability, future versions may employ
supervised or semi-supervised models for:

e behavioral clustering
e rhythm similarity detection
e anomaly pattern classification
e cross-site learning
Always under explainable Al constraints.
7. Local Event Graph Integration
Building an automated “Event Graph” for each location powered by:
e civic data sources
o mall activity feeds
e transportation schedules
e localized public events
This creates event-aware environmental forecasting.
8. Comparative DOOH Site Benchmarking
Hive DOOH will expand toward:
e cross-city benchmarking
¢ industry-standard alignment
¢ network-level performance clustering

¢ dynamic site ranking
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This helps operators optimize entire DOOH networks using contextual intelligence.
9. Historical Pattern Learning
The more Hive DOOH runs, the more it learns:

e seasonal performance

e annual variation

e behavioral cycles

e cultural mobility patterns

Deepening these patterns will evolve DOOH from reactive to predictive.

Hive Engine DOOH stands on a strong, validated foundation.
Its limitations are not flaws — they are natural boundaries of a system that respects human
privacy, physics, environmental dynamics, and real-world complexity.

Its future work reflects a commitment to:

e more intelligence,

e more accuracy,

e more ethical alignment,

e and deeper environmental understanding.

Hive DOOH is not a closed system. It is a growing cognitive infrastructure, continuously
refining its perception of the urban environment.

12. Conclusion — Toward a New Standard of Contextual Media
Intelligence

Hive Engine DOOH redefines how visibility, perception, and environmental context are
understood within public media infrastructures. By unifying human-collected KPIs, machine-
validated baselines, HSEN behavioral semantics, and multi-source environmental
intelligence, Hive DOOH establishes a new class of DOOH measurement — one rooted in
perceptual truth rather than volumetric assumptions.

The system rejects the long-standing industry practice of inflating impressions or equating
traffic count with visibility. Instead, Hive DOOH models human-visible opportunity,
incorporating real conditions such as dwell behavior, traffic compression, weather clarity,
time-of-day rhythm, event-driven surges, and spontaneous social dynamics. This produces
an unprecedented form of DOOH intelligence:

context-aware, truthful, explainable, and ethically grounded.

The KPI Validation Layer anchors the system in honesty, harmonizing human judgment with
objective API baselines to eliminate bias. Dailylndex establishes a dynamic, context-

weighted performance metric that reflects the living nature of urban movement. Impression
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modelling shifts the industry from “how many passed” to “how many could actually see,”
aligning DOOH evaluation with the physics of human perception.

Across deployed sites in Yogyakarta and Solo, Hive DOOH has demonstrated operational
maturity. The system not only models reality — it matches it, validating the framework's
scientific rigor and real-world effectiveness. Each site reveals its own performance identity,
shaped by behavior, environment, rhythm, and context. This proves that awareness-based
DOOH is not theoretical; it is both operational and transformative.

Hive DOOH changes the industry paradigm:

e from inflated metrics - to validated metrics

o from traffic counts = to perception events

o from static assumptions = to contextual intelligence

¢ from location buying = to behavior buying

o from guess-based planning = to evidence-based planning
o from opaque reporting = to transparent, auditable truth

This is not merely a technological leap — it is an ethical evolution.

Hive DOOH honours human dignity through non-identifiable sensing, respects transparency
in public spaces, preserves human agency, and rejects surveillance-based analytics. It
embodies Hive’s core philosophy: technology should enhance awareness, not override it.

As the system continues to evolve — integrating predictive rhythms, deeper event
intelligence, multi-node mesh networks, and extended environmental modelling — Hive
DOOH positions itself as a future-proof foundation for contextual media in smart
environments.

Hive DOOH is not a framework.
Not a proposal.
Not a concept.

It is a living, deployed, continuously learning perception engine that redefines what DOOH
can be:

aware, truthful, contextual, ethical, and aligned with the environments and communities
it serves.

13. Operational Proofprint — Multi-Location and Multi-Media
Validation (Final English Version)

Hive Engine DOOH is operationally deployed across five live commercial sites, covering two
major media categories:

¢ Three LED Vidtron (Digital) Units
e Two Static Billboard Units (Backlight & Frontlight)
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This section validates the system’s ability to perform consistently across different media
technologies, lighting systems, and environmental contexts. The purpose is to demonstrate
that the DOOH engine is not hardware-dependent, but driven by visibility physics,
behavioral rhythms, and contextual truth.

A. Digital Media Validation — Three LED Vidtron Sites
Locations:

1. Galeria Mall - Yogyakarta
2. Tirtonadi Terminal — Solo
3. Panti Waluyo - Solo

All three deployments use LED vidtron digital panels, making them ideal environments to
test:

¢ |uminance behavior,

e glare sensitivity,

e night/day visual rhythm,

e motion-based perception windows,
e environmental lighting transitions.

Validated Findings
Across all LED sites, Hive Engine DOOH demonstrated:
e Strong detection of evening dwell surges (Jogja)
e Accurate mapping of operational queue-based dwell (Tirtonadi)
¢ Proper down-weighting of high-speed pass-by flows (Panti Waluyo)
o Stable Dailylndex patterns with no inflation

e Consistent KPI_final accuracy within 5%

These three sites confirm the engine’s reliability under dynamic lighting environments
typical of digital screens.
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Executive Summary

CHILGO | Galeria Mall Yogyakarta (Main Facade) {Oct—Nov 2025) LIS IR
Total Traffic (32 days) # 1,740,000 vehicles -
Exposed Traffic (Visible Flow) # 1,392,000 (80%:) -
Total Impressions > 893,755 -
* Stopped Impressions # 403,434 (45.1%) .
» Pass-by Impressions > 490,321 (54.9%) .
Qualified Engagements # 535,000 (60%) -
Effective Reach [vs Traffic) * 9.6% .
CPM (Cost per Mille) * Rp 40,279 .
Weather Impact # 26 0ct -7 MNov (-20%) .
VAF (Visibility Adjustment) # 0.94 (Excellent] -
Model Accuracy # 25.2% -
Behavioral Efficiency Index # 0.92 (Stable) .
Prime Exposure Window # 07:00-09:00 & 16:00-20:00 -
Insight:

Dual-view structure with a 150s total dwell cycle makes Galeria Mall Jogja the most efficient site,
achieving sub—fp 41K CPM and maintaining 55% visibility even during weather impact weeks.
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Executive Summary

CHILGO | Terminal Tirtonadi Surakarta (Oct—Nov 2025) v

Total Traffic (32 days) # 1,520,000 vehicles = Transit & ur ed fl
Exposed Traffic (Visible Flow) ¥ 1,216,000 (80%) * J-view

Total Impressions # 641,200 = 83%loo 12 slot]
* Stopped Impressions # 295,000 (46%) * Dwell ime 755

* Pass-by Impressions 346,200 (54%) -

Qualified Engagements # 384,720 (60%) - 13
Effective Reach (vs Traffic) F 9.8% .

CPM (Cost per Mille) # Rp 44,038 -

Weather Impact # 28 Oct—5 Mov [-18%) .

VAF (Visibility Adjustment) ¥ 0.91 (Very Good) .

Maodel Accuracy F £5.3% .

Behavioral Efficiency Index ¥ 0.90 (5table) . e
Prime Exposure Window ¥ 06:30-02:00 & 16:00-20:00 = Transit peak flow
Insight:

With strong dwell-based exposure and high transit density, Tirtonadi sustains impressive impression stability
even under short-term weather reduction. Hive Engine maintained £5.3% precision,
achieving sub—Rp 45K CPM and ~10% effective reach, confirming consistent gudience behavior.
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Executive Summary ‘D

CHILGO | Pertigaan RS Panti Waluyo, Surakarta (Oct—Nov 2025)

Total Traffic (32 days) # 1,180,000 vehicles

Exposed Traffic {Visible Flow) # 944,000 (80%)

Total Impressions * 422,900

» Stopped Impressions > 193,000 (46%)

* Pass-by Impressions # 229,900 (54%)

Qualified Engagements » 253,740 (60%)

Effective Reach (vs Traffic) > 82%

CPM (Cost per Mille) # Rp 48,520

Weather Impact & 26 0ct - 10 Nov [-22%)

VAF (Visibility Adjustment) # 0.88 [Good)

Model Accuracy = 2h6.2%

Behavioral Efficiency Index # 0.88 [Moderate)

Prime Exposure Window # 07:00-09:00 & 16:30-19:30
Insight:

Long-duration weather exposure affected ir ion recovery,

butc i dwell i ined linear c ion between imp, and
Hive Engine achieved 8.2% effective audience reach at sub—Rp 50K CPM,

[« ing dota ility and behavioral precision in o th. itive, single-vi
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B. Static Media Validation — Two Billboard Sites

Hive Engine DOOH was also validated on two static billboards, using different illumination
systems:

1. Banjarmasin — Backlight Billboard

Media: 5x10 m Vertical Static Billboard (Backlight)
Condition: Continuous rainfall (WeatherFactor 0.7)
Source: Banjarmasin LA Ice Report

Key Observations:

¢ Visibility remained stable at *80%, even in rain

e Stopped-impressions dominated (56%) due to long compression lanes
e VAF = 0.83 aligned with wet-surface visibility

¢ Dailylndex decline matched weather curve perfectly

¢ Model accuracy: £5.4%

Backlight billboards depend on rear illumination and reflective consistency, and the engine
successfully modelled these physics during both day and night periods.
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Executive Summary

Djarum — LA Ice Flavour | Perempatan Kol. Sugiono Banjarmasin | 01-10 Nov 2025)

redcap.id

Total Traffic (10 days) % =1.679.500 vehicles
Exposed Traffic [Visible Flow) * 21,347,600 [80%) 3 active lanes.
Total Impressions = 597,200 d + Pass-by exposure
= Stopped Impressions = 336,800 [56%) ysical queue capacity
. y . % Continuous flow visibility with long-range cone exposure
Pass-by Impressions # 260,400 [44%) V. pase—0.15)
Qualified Engagements * 271,730 (65%) Estimated based on behavioral-weightad visual
38 " engagement rate.
Effective Reach [vs Traffic) * 3.5%
CPM [Cost per Mille) * Rp 26,300 *  Under
Weather Impact > 01-10 Nov [-30%) * Light-to-heavy rainfal fFactor 0.7 applied during
pa czmpaign period.
VAF [Visibility Adjustment) * 0.83 [Stable) - IStEI:-Ie wisibi It.'- «cone maintained with active frontiight
{18:00-24.00).
Model Accuracy P £5.4% * Hive Engine validated
Behavioral Efficiency Index > 0.89 [Stable) * Balanced dwell-to-pass-by ratio across full 24-hour traffic
cycle.
Prime Exposure Window # 06:00-10:00 | 16:00—21:00 * Correlates with commuter and retail traffic peaks.

Insight: Positioned on a busy 4-way commuter corridor, the site retains over 80% visibility stability even under rainfall conditions. The
combination of frontlight-assisted visibility and physical cap validation ensures realistic impression modeling. ideal for urban
and lifestyle igns, balancing cost efficiency with consi: o
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2. Solo — Simpang Fajar Indah — Frontlight Billboard

Media: 5x10 m Horizontal Static Billboard (Frontlight)
Visibility: ~95 m

Condition: Afternoon rain (-15% visibility impact)
Source: Surakarta LA Ice Report

Key Observations:

e VAF remained 0.95 (excellent clarity)

e Pass-by impressions dominated (65%) due to higher travel speed
e Stopped impressions aligned with 4-phase red-light cycle

e DailyIndex decrease after rain matched real conditions

e Model accuracy: £5.2%

Frontlight illumination gives strong forward-facing clarity, and the engine accurately
captured its performance under mixed weather and commuter rhythms.
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Executive Summary

Djarum — LA Ice Flavour | Simpang Fajar Indah { 20 Oct—10 Nov 2025)

redcap.id

Total Traffic (22 days)

Exposed Traffic (Visible Flow)

Total Impressions

» Stopped Impressions

* Pass-by Impressions
Qualified Engagements
Effective Reach (vs Traffic)

¥ 2.050.000 vehicles

> 1.760.000 (86%)
> 320.893

> 113.400 {35%)
> 207.493 (65%)
> 190.000 {65%)
> 9.3%

* d-way interaction with high

comuter density

* 95 m visibility range

* Hybrid Dwell — Pass model
* 4-phase red light, 60s stop
* Continuous flow

= Behavioral weight visibility

* Consistent Visual recall

CPM (Cost per Mille) # Rp 68,600
» 27 Oct - 10 Nov (-15%)
# 0.95 (Excellent)

F £5.2%

= Under National Average (< Rp 75K)

Weather Impact = Afternoon rain peried

VAF (Visibility Adjustment) * Excellent Roadside Clarity

Model Accuracy * Hive Engine validated

= Balance Visibility — Traffic

Behavioral Efficiency Index Correlation

> 0.91 (Stable)

Prime Exposure Window
Insight:
Positioned at an active 4-way intersection, the site benefits from long dwell visibility (~35m range) and stable

evening traffic. Despite consistent rain after 27 Oct, visibility remained strong [>85% baseline).Ideal for commuter-
oriented campaigns and low-iight brand recall

# 07:00-09:00 & 16:00-20:00 -+ Retail traffic peak
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C. Cross-Media Conclusion — LED vs Static Billboards
Across all five sites, the engine produced perception outputs that were:
1. Media-agnostic
Hive DOOH did not rely on digital hardware input; it relied on contextual truth.
2. Environmentally consistent
WeatherFactor, VAF, and Dailylndex patterns matched real-world conditions.
3. Behaviorally stable
HSEN semantics remained valid for:
o digital screens,
¢ static backlight panels,
¢ static frontlight panels.

4. Physically accurate

e LED: glare, luminance shifts, and night cycles
e Static: projection consistency, illumination pattern, long-range visibility

All modelled without inflation.
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5. Mathematically reliable

Across both digital and static media, model accuracy stayed within £5.0-5.4%,
outperforming global DOOH tolerance ranges.

’ This establishes that Hive Engine DOOH is a fully operational, multi-media perception
engine — not tied to any specific technology or hardware class.

“Full graphical charts, hourly breakdowns, and environmental curves used for validation are archived
within each operational site’s report and can be accessed through Hive Connect’s internal
documentation.”
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