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Abstract 
This paper presents Ezomgido, a distributed sensor network platform for environmental optimization using guest mobile 
devices as real-time sensing nodes. The system operates through two spatially separated regions with surfaces that 
coordinate through precision-by-difference calculations using proximity-based sensor stream aggregation. Environmental 
optimization occurs through unified BMD equivalence where guest smartphone and smartwatch sensors provide real-
time biometric and environmental data streams. Each surface observer is implemented as mathematical combination 
of nearby guest sensor streams, with surfaces automatically adjusting when other surfaces achieve better performance 
metrics. The framework integrates distributed audio processing, mobile app commerce platform, and stream-only data 
processing for privacy protection. Mathematical formalization establishes precision-by-difference surface coordination, 
distributed sensor network algorithms, and temporal demographic optimization through natural guest flow. Technical 
specifications include mobile sensor aggregation protocols, surfaceto-surface difference calculations, and unified guest 
experience application architecture.

Keywords: Distributed Sensor Networks, Mobile Device Sensing, Precision-Bydifference Coordination, Stream-Only 
Processing, Guest Experience Optimization, Surface Performance Matching

Introduction
System Overview
Ezomgido implements a distributed sensor network using guest mobile devices as realtime sensing nodes for 
environmental optimization. The system consists of two spatially separated regions: Restaurant Space R and Dance Space 
D, with surfaces that coordinate through precision-by-difference calculations. Guest smartphones, smartwatches, and 
other mobile devices provide continuous sensor streams that are aggregated by proximity to create surface observers. 
Environmental optimization occurs through mathematical combination of sensor streams without data storage, ensuring 
privacy protection through stream-only processing.

Definition 1 (Distributed Sensor Network Architecture). The Ezomgido system ε is defined as:
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1.2 Distributed Mobile Sensor Integration

Each surface Si ∈ S creates an observer through mathematical aggregation of nearby
guest device sensor streams. Surface optimization occurs through precision-by-difference
calculations where surfaces adjust performance based on comparison with other surfaces.

Definition 2 (Mobile Sensor Aggregation). For surface Si, the observer Oi is created
through proximity-based sensor aggregation:

Oi(t) =
1

|Ni|
∑
j∈Ni

SensorStreamj(t) (2)

where Ni represents the set of guest devices within proximity radius ri of surface Si.

Definition 3 (Guest Device Sensor Streams). Each guest device Gj provides real-time
sensor streams:

SensorStreamj(t) = {Biometricj(t),Environmentalj(t),Motionj(t),Preferencej(t)} (3)

where streams are processed in real-time without storage for privacy protection.
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Each surface Si ∈ S creates an observer through mathematical aggregation of nearby guest device sensor streams. 
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comparison with other surfaces.

Definition 2 (Mobile Sensor Aggregation). For surface Si, the observer Oi is created through proximity-based sensor 
aggregation:	
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where each function operates through real-time data streams without persistent storage.

2.2 Stream-Only Data Processing

All sensor data is processed in real-time streams with immediate disposal after processing,
ensuring complete privacy protection.

DataStorage(t) = ∅ ∀t > tcurrent (5)

This stream-only architecture eliminates privacy concerns as data useful only during
guest presence is never stored or transmitted beyond venue system.

2.3 Commerce Integration

The unified application integrates commerce functionality with environmental optimiza-
tion:

Commerceoptimal(t) = f(SensorStatei(t),VenueState(t),Preferencesi) (6)

where food ordering, payment processing, and service delivery coordinate with real-
time guest biometric state and environmental conditions.

2.4 Environmental Comfort Optimization

Definition 5 (Guest Comfort Metric). The comfort metric Cguest(t) ∈ R represents
measurable guest satisfaction derived from aggregated sensor streams:

Cguest(t) = w1 ·Biometriccomfort(t)+w2 ·Environmentalsatisfaction(t)+w3 ·Engagementlevel(t)
(7)

where weights w1, w2, w3 are calibrated through machine learning on guest feedback data.

3 Precision-by-Difference Surface Coordination

3.1 Surface Performance Comparison

Surfaces coordinate through simple mathematical comparison of guest satisfaction met-
rics. Each surface measures its performance relative to other surfaces and adjusts accord-
ingly.
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Stream-Only Data Processing
All sensor data is processed in real-time streams with immediate disposal after processing, ensuring complete privacy 
protection.

This stream-only architecture eliminates privacy concerns as data useful only during guest presence is never stored or 
transmitted beyond venue system.

Commerce Integration
The unified application integrates commerce functionality with environmental optimization:

where food ordering, payment processing, and service delivery coordinate with realtime guest biometric state and 
environmental conditions.

Environmental Comfort Optimization
Definition 5 (Guest Comfort Metric). The comfort metric Cguest (t) ∈ ℝ represents measurable guest satisfaction derived 
from aggregated sensor streams:

where weights w1, w2, 3 are calibrated through machine learning on guest feedback data.

Precision-by-Difference Surface Coordination
Surface Performance Comparison
Surfaces coordinate through simple mathematical comparison of guest satisfaction metrics. Each surface measures its 
performance relative to other surfaces and adjusts accordingly.

Definition 6 (Surface Performance Metric). For surface Si, the performance metric Pi (t) is calculated as:
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Definition 6 (Surface Performance Metric). For surface Si, the performance metric Pi(t)
is calculated as:

Pi(t) =
1

|Ni|
∑
j∈Ni

Cguest,j(t) (8)

where Ni represents guest devices within proximity radius of surface Si.

3.2 Difference-Based Adjustment

Surfaces automatically adjust when other surfaces achieve better performance through
precision-by-difference calculations.

PerformanceDifferencei(t) = max
j

Pj(t)− Pi(t) (9)

When PerformanceDifferencei(t) > threshold, surface Si adjusts parameters to reduce
the difference.

3.3 Surface Network Communication

Each surface broadcasts its current performance state and receives performance data from
all other surfaces:

SurfaceBroadcasti = {SurfaceIDi, Pi(t),GuestCounti,Adjustmentsi} (10)

Surfaces use this information to calculate precision differences and coordinate im-
provements.

4 Surface Performance Optimization

4.1 Automated Surface Adjustment

Each surface automatically adjusts its configuration when detecting performance differ-
ences with other surfaces. This creates emergent coordination without centralized control.

SurfaceAdjustmenti(t) = k · PerformanceDifferencei(t) · AdjustmentVectori (11)

where:

• k represents adjustment sensitivity parameter

• PerformanceDifferencei(t) represents performance gap with best surface

• AdjustmentVectori represents surface-specific optimization parameters
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ences with other surfaces. This creates emergent coordination without centralized control.

SurfaceAdjustmenti(t) = k · PerformanceDifferencei(t) · AdjustmentVectori (11)

where:

• k represents adjustment sensitivity parameter

• PerformanceDifferencei(t) represents performance gap with best surface

• AdjustmentVectori represents surface-specific optimization parameters
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4.2 Surface Competition Dynamics

Surfaces naturally compete for best guest satisfaction scores through mathematical inad-
equacy detection:

InadequacyLeveli(t) =
PerformanceDifferencei(t)

maxj Pj(t)
(12)

Surfaces with higher inadequacy levels adjust more aggressively to catch up with
better-performing surfaces.

4.3 Precision Matching Algorithm

Surfaces implement simple algorithm for precision-by-difference coordination:

Algorithm 1 Surface Precision Matching
1: Measure current guest satisfaction Pi(t)
2: Receive performance data from all other surfaces
3: Calculate PerformanceDifferencei = maxj Pj − Pi

4: if PerformanceDifferencei > threshold then
5: Adjust surface parameters proportional to difference
6: Broadcast updated performance state
7: end if
8: Wait for next measurement cycle

5 3D Surface Element Control

5.1 Interactive Surface Components

Surfaces include three-dimensional interactive elements that respond to guest proximity
and comfort metrics measured through mobile device sensors.

Definition 7 (3D Surface Element Set). For surface Si, the 3D element set is defined
as:

E3D(Si) = {Protrusions, Interactive Zones,Texture Elements,Light Elements} (13)

where each element adjusts based on aggregated guest sensor data and surface performance
differences.

5.2 Performance-Based 3D Adjustment

3D elements adjust configuration based on surface performance relative to other surfaces:

Protrusions(t) = BaseConfig + kp · PerformanceDifferencei(t) (14)
InteractiveZones(t) = BaseConfig + kz · GuestProximityi(t) (15)
TextureElements(t) = BaseConfig + kt · ComfortMetrici(t) (16)

LightElements(t) = BaseConfig + kl · AmbientOptimizationi(t) (17)

where kp, kz, kt, kl represent adjustment coefficients for each element type.
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Surfaces with higher inadequacy levels adjust more aggressively to catch up with better-performing surfaces.

Precision Matching Algorithm
Surfaces implement simple algorithm for precision-by-difference coordination:

3D Surface Element Control
Interactive Surface Components
Surfaces include three-dimensional interactive elements that respond to guest proximity and comfort metrics measured 
through mobile device sensors.

Definition 7 (3D Surface Element Set). For surface Si, the 3D element set is defined as:
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where each element adjusts based on aggregated guest sensor data and surface performance differences.

Performance-Based 3D Adjustment
3D elements adjust configuration based on surface performance relative to other surfaces:

where kp , kz , kt , kl represent adjustment coefficients for each element type.

Distributed Audio Processing
Guest Device Audio Analysis
Audio optimization utilizes distributed processing from guest mobile devices to analyze music preferences and 
environmental acoustic conditions in real-time.

6 Distributed Audio Processing

6.1 Guest Device Audio Analysis

Audio optimization utilizes distributed processing from guest mobile devices to analyze
music preferences and environmental acoustic conditions in real-time.

AudioOptimal(t) = f

(
N∑
i=1

wi · AudioPreferencei(t),AcousticConditions(t), SpaceContext(t)

)

(18)
where:

• N represents number of guests with active mobile devices

• wi represents guest i preference weighting based on engagement metrics

• AudioPreferencei(t) represents real-time preference data from guest device

• AcousticConditions(t) represents measured environmental acoustic parameters

• SpaceContext(t) represents current space utilization and activity patterns

6.2 Real-Time Preference Aggregation

Guest preferences are aggregated from mobile device usage patterns and explicit feedback:

CollectivePreference(t) =
1

N

N∑
i=1

AudioPreferencei(t) (19)

where preferences include genre selection, tempo preferences, energy level require-
ments, and contextual appropriateness for current venue activity.

6.3 Audio-Surface Coordination

Audio selection coordinates with surface performance to optimize overall guest comfort:

AudioAdjustment(t) = α ·CollectivePreference(t) + β ·
∑
i

SurfacePerformancei(t) (20)

where α and β are weighting parameters for preference and surface performance con-
tributions.

7 Environmental System Integration

7.1 Coordinated Environmental Control

All environmental systems (audio, lighting, temperature, air quality) coordinate based
on aggregated guest sensor data to optimize overall comfort metrics.
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where:
• N represents number of guests with active mobile devices
• wi represents guest i preference weighting based on engagement metrics
• AudioPreferencei(t) represents real-time preference data from guest device
• AcousticConditions(t) represents measured environmental acoustic parameters
• SpaceContext(t) represents current space utilization and activity patterns

Real-Time Preference Aggregation
Guest preferences are aggregated from mobile device usage patterns and explicit feedback:

where preferences include genre selection, tempo preferences, energy level requirements, and contextual appropriateness 
for current venue activity.

Audio-Surface Coordination
Audio selection coordinates with surface performance to optimize overall guest comfort:

where α and β are weighting parameters for preference and surface performance contributions.

Environmental System Integration
Coordinated Environmental Control
All environmental systems (audio, lighting, temperature, air quality) coordinate based on aggregated guest sensor data 
to optimize overall comfort metrics.

EnvironmentOptimal(t) = f(AudioSystem(t),LightingSystem(t),ClimateSystem(t),FoodSystem(t))
(21)

where each system optimizes based on real-time guest sensor streams and surface
performance feedback.

7.2 Climate Control Integration

Temperature, humidity, and air circulation adjust based on guest biometric data and
crowd density:

Temperature∗(t) = Optimize(GuestBiometricsthermal(t),CrowdDensity(t),ActivityLevel(t))
(22)

Humidity∗(t) = Optimize(ComfortMetrics(t), SpaceOccupancy(t)) (23)
AirFlow∗(t) = Optimize(CO2Levels(t),AirQuality(t)) (24)

7.3 Food Service Optimization

Food ordering and preparation integrate with guest biometric state and environmental
conditions:

FoodRecommendationi(t) = f(GuestBiometrici(t),TimeContext(t),MenuAvailability(t))
(25)

where recommendations optimize for guest metabolic state, hydration levels, and cur-
rent venue environment.

8 Temporal Guest Flow Optimization

8.1 Natural Demographic Clustering

Guests naturally cluster by time of day based on work schedules, social patterns, and
activity preferences, enabling more precise optimization for homogeneous groups.

Definition 8 (Temporal Demographic Patterns). For time period t, guest demographic
characteristics D(t) are measured through mobile device sensors:

D(t) = {EnergyLevelavg(t), SocialContext(t),ActivityPreference(t),DurationExpected(t)}
(26)

8.2 Guest Flow Dynamics

Guest movement between Restaurant Space R and Dance Space D follows natural flow
patterns based on comfort optimization:

FlowRateR→D(t) = k · (ComfortDifferenceD−R(t)) · GuestCountR(t) (27)

where guests naturally move toward spaces with higher comfort metrics, creating
self-organizing optimization.

8
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where each system optimizes based on real-time guest sensor streams and surface performance feedback.

Climate Control Integration
Temperature, humidity, and air circulation adjust based on guest biometric data and crowd density:

Food Service Optimization
Food ordering and preparation integrate with guest biometric state and environmental conditions:

where recommendations optimize for guest metabolic state, hydration levels, and current
venue environment.

Temporal Guest Flow Optimization
Natural Demographic Clustering
Guests naturally cluster by time of day based on work schedules, social patterns, and activity preferences, enabling 
more precise optimization for homogeneous groups.

Definition 8 (Temporal Demographic Patterns). For time period t, guest demographic characteristics D(t) are measured 
through mobile device sensors:

Guest Flow Dynamics
Guest movement between Restaurant Space R and Dance Space D follows natural flow patterns based on comfort 
optimization:

where guests naturally move toward spaces with higher comfort metrics, creating self-organizing optimization.

Optimization Precision Through Demographics
Homogeneous temporal demographics improve system optimization precision:

8.3 Optimization Precision Through Demographics

Homogeneous temporal demographics improve system optimization precision:

OptimizationPrecision(t) =
1

DemographicVariance(t)
· SensorDensity(t) (28)

where similar guest groups with high sensor density enable more accurate environ-
mental optimization.

9 System Implementation Architecture

9.1 Distributed Processing Coordination

Ezomgido coordinates processing across multiple system components through precision-
by-difference algorithms:

• Network Synchronization: Real-time coordination between mobile device sen-
sors and surface systems

• Spatial Distribution: Multi-surface coordination across dual-space environment
through performance comparison

• Guest Experience: Individual optimization through personalized mobile applica-
tion interface

9.2 Processing Algorithm Suite

Distributed processing utilizes multiple specialized algorithms for different system com-
ponents:

ProcessingTotal = {SensorAggregation,PerformanceComparison, SurfaceAdjustment,AudioOptimization}
(29)

9.3 Real-Time Coordination

System components coordinate through real-time data sharing and performance feedback:

CoordinationPacket = {Timestamp,ComponentID,PerformanceData,AdjustmentVector}
(30)

10 System Performance Characteristics

10.1 Guest Satisfaction Accuracy

System optimization accuracy measured through guest satisfaction improvements:

AccuracySatisfaction = 1− |SatisfactionAchieved − SatisfactionTarget|
SatisfactionTarget

(31)

9

where similar guest groups with high sensor density enable more accurate environmental
optimization.

System Implementation Architecture
Distributed Processing Coordination
Ezomgido coordinates processing across multiple system components through precisionby- difference algorithms:
• Network Synchronization: Real-time coordination between mobile device sensors and surface systems
• Spatial Distribution: Multi-surface coordination across dual-space environment through performance comparison
• Guest Experience: Individual optimization through personalized mobile application interface

Processing Algorithm Suite
Distributed processing utilizes multiple specialized algorithms for different system components:
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     ProcessingTotal = {SensorAggregation, PerformanceComparison, SurfaceAdjustment, AudioOptimization}

Real-Time Coordination
System components coordinate through real-time data sharing and performance feedback:

System Performance Characteristics
Guest Satisfaction Accuracy
System optimization accuracy measured through guest satisfaction improvements:
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11.1 Performance Convergence Verification

System effectiveness measured through surface performance convergence:
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where surfaces converge toward optimal performance levels through precision-by-
difference adjustment.

11.2 Surface Independence Validation
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where surfaces operate independently while achieving coordinated results.

11.3 System Stability Characteristics

System stability ensured through bounded adjustment mechanisms:
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where α < 1 ensures stable convergence toward optimal system performance.
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System Coordination Timing
Environmental systems maintain synchronized response through distributed coordination:

System Validation Framework
Performance Convergence Verification
System effectiveness measured through surface performance convergence:

where surfaces converge toward optimal performance levels through precision-bydifference adjustment.

Surface Independence Validation
Surface independence verified through correlation analysis of adjustment patterns:

where surfaces operate independently while achieving coordinated results.

System Stability Characteristics
System stability ensured through bounded adjustment mechanisms:

where α < 1 ensures stable convergence toward optimal system performance.

Technical Implementation Specifications
Infrastructure Requirements
• Processing Servers: Multi-core processors for real-time sensor stream aggregation
• Memory: High-speed RAM for temporary sensor data processing (no persistent storage)
• Network: High-bandwidth WiFi for guest device connectivity and data streaming
• Surface Control: Actuator systems for 3D element adjustment and environmental control
• Mobile Application: Cross-platform app for iOS/Android guest device integration
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Software Architecture

• Network: High-bandwidth WiFi for guest device connectivity and data streaming

• Surface Control: Actuator systems for 3D element adjustment and environmental
control

• Mobile Application: Cross-platform app for iOS/Android guest device integra-
tion

12.2 Software Architecture

SoftwareStack = {StreamProcessor, SurfaceController,MobileApp,CoordinationEngine}
(37)

12.3 Communication Protocols

System components communicate through standardized real-time protocols:

• Mobile-Server: WebSocket streaming for sensor data transmission

• Surface-Surface: HTTP/JSON for performance data broadcasting

• Environmental Control: MQTT for actuator coordination and adjustment com-
mands

• Audio Processing: Real-time audio streaming and preference aggregation

• Commerce Integration: RESTful API for ordering and payment processing

13 Conclusion
This paper presents Ezomgido, a distributed mobile sensor network platform for environ-
mental optimization using guest devices as real-time sensing nodes. The system achieves
coordinated environmental control through precision-by-difference surface coordination,
stream-only data processing for privacy protection, and unified mobile application in-
tegration. Mathematical formalization establishes algorithms for sensor stream aggre-
gation, surface performance comparison, and automated adjustment mechanisms. The
precision-by-difference approach enables emergent coordination where surfaces naturally
compete and improve through mathematical performance comparisons. Technical specifi-
cations provide implementation guidelines for mobile sensor integration, real-time stream
processing, and surface control systems across diverse venue contexts.
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