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INTEGRATED USER BEHAVIOUR ORCHESTRATION SYSTEM 

 

FIELD 

 

This disclosure generally relates to an integrated system for orchestrating user 

behaviour and resource utilization in physical spaces. 

 

BACKGROUND 

 

Managing visitor flow and resource allocation across multiple venues presents 

significant challenges, particularly in environments with fluctuating occupancy levels 

and unpredictable movement patterns.  Traditional venue management systems rely 

on static thresholds or manual intervention to regulate access, often leading to 

congestion, inefficiencies, and suboptimal visitor experiences.  Existing solutions 

typically lack the ability to dynamically predict occupancy distribution and adjust 

resource allocation in real time based on evolving conditions. 

 

Furthermore, conventional queue management and access control mechanisms are 

often reactive rather than predictive, resulting in delayed responses to crowd surges 

and inefficient utilization of venue capacity.  Thus, there is a need for an improved 

system that leverages predictive modelling to allocate resources dynamically, 

regulate visitor movement proactively, and enhance overall venue management 

efficiency. 

 

SUMMARY 

 

The management venue system is set out in the appended set of claims.  In one 

aspect, the present disclosure may provide a computer-implemented method for 

allocating resources across multiple venues within a venue area.  The method is 

performed by executing instructions stored on a non-transitory computer-readable 

storage medium and includes receiving visitor data corresponding to location 

information and movement patterns of individuals within the venue area.  The 

method further includes receiving venue data from multiple venues, wherein the 

venue data comprises at least occupancy levels and available capacity.  Based on 

the received visitor and venue data, a predictive computational model may determine 

a venue occupancy distribution, allowing the system to anticipate potential 

congestion or inefficiencies in venue utilization. 



 
 
 
2 
 

A venue control instruction is generated based on the determined occupancy 

distribution, the instruction being configured to regulate access to one or more 

venues for at least a subset of the individuals within the venue area.  The venue 

control instruction is then transmitted to at least one venue management system, 

which processes the instruction to implement venue access control, queue 

adjustments, or visitor redirection.  Through this approach, the disclosed system may 

enable real-time, predictive resource allocation and venue management to enhance 

efficiency and improve visitor experience. 

 

The disclosed system addresses the inefficiencies of conventional venue 

management approaches by providing a predictive, data-driven resource allocation 

mechanism that dynamically adjusts venue access conditions based on real-time 

visitor and venue data.  Unlike traditional systems that rely on static thresholds or 

manual adjustments, the disclosed management venue system anticipates 

congestion before it occurs by leveraging a predictive computational model trained 

on historical and real-time data.  This enables proactive adjustments to venue 

access, queue configurations, and visitor redirection, reducing bottlenecks and 

enhancing the overall visitor experience. 

 

By automating decision-making through an artificial intelligence (AI)-driven model, 

the system eliminates delays associated with manual intervention, ensuring that 

venue resources are allocated efficiently in response to real-time conditions.  

Furthermore, the ability to integrate environmental factors, transportation data, 

and/or dynamic visitor movement patterns allows for a holistic optimization of venue 

capacity, minimizing operational inefficiencies and ensuring equitable distribution of 

visitors across multiple venues.  This results in improved operational efficiency, 

reduced wait times, and enhanced venue utilization, providing a scalable and 

adaptable solution applicable to a variety of environments, including theme parks, 

stadiums, event venues, and urban mobility hubs. 

 

In another aspect, the present disclosure may provide a system for allocating 

resources across multiple venues within a venue area.  The system comprises at 

least one processor and a memory storing instructions, wherein the instructions, 

when executed by the processor, enable the system to receive visitor data 

corresponding to location information and movement patterns of individuals within 

the venue area.  The system further receives venue data from multiple venues, 

including at least occupancy levels and available capacity.  Based on this data, the 
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system applies a predictive computational model to determine a venue occupancy 

distribution, enabling informed decision-making regarding venue resource allocation. 

 

The system generates a venue control instruction based on the predicted occupancy 

distribution, wherein the instruction is configured to adjust at least one of venue 

access permissions, queue management parameters, or visitor routing 

recommendations to optimize venue utilization.  The system then transmits the 

venue control instruction to at least one venue management system, which 

implements the adjustments to regulate visitor movement and enhance operational 

efficiency.  By integrating real-time data processing with predictive analytics, the 

disclosed system may provide a scalable, automated solution for dynamic venue 

management, reducing inefficiencies associated with static or manually controlled 

access systems. 

 

The disclosed venue resource allocation system may provide a significant advantage 

over conventional venue management techniques by automating access control, 

queue adjustments, and visitor movement optimization based on predictive analytics.  

Traditional venue management relies on reactive measures, often requiring manual 

adjustments or fixed access thresholds, which may lead to delayed responses to 

congestion, inefficient resource utilization, and visitor dissatisfaction. 

 

By implementing real-time data integration and predictive modelling, the system 

proactively optimizes visitor distribution before congestion occurs, preventing 

bottlenecks and ensuring balanced venue utilization.  The ability to automatically 

generate venue control instructions and transmit them to venue management 

systems minimizes the need for human intervention, reducing operational complexity 

and enabling dynamic, self-adjusting visitor flow management. 

 

Additionally, the scalability of the system allows it to be applied across various large-

scale public environments, including stadiums, amusement parks, transportation 

hubs, and urban event spaces, providing a flexible and adaptive venue management 

solution that enhances efficiency, visitor experience, and operational effectiveness. 

 

The details of one or more embodiments of the management venue system are set 

forth in the accompanying drawings and the description below.  Other features, 

objects, and advantages of the management venue system will be apparent from the 

description and drawings, and from the claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

 

FIG. 1  is a layer diagram of a venue management system; and  

 

FIG. 2   is a diagram of a venue area of a venue management system. 

 

Like reference symbols in the various drawings indicate like elements. 

 

DETAILED DESCRIPTION 

 

The following detailed description refers to the accompanying drawings that show, by 

way of illustration, specific details and aspects in which the disclosure may be 

practiced. One or more aspects are described in sufficient detail to enable those 

skilled in the art to practice the disclosure. Other aspects may be utilized and 

structural, logical, and electrical changes may be made without departing from the 

scope of the disclosure. The various aspects described herein are not necessarily 

mutually exclusive, as some aspects can be combined with one or more other 

aspects to form new aspects. Various aspects are described in connection with 

methods and various aspects are described in connection with devices. However, it 

may be understood that aspects described in connection with methods may similarly 

apply to the devices, and vice versa. Throughout the drawings, it should be noted 

that like reference numbers are used to depict the same or similar elements, 

features, and structures. Throughout the drawings, it should be noted that 

proportions are not necessary to scale and that the size of features may be 

emphasized for ease of illustration.  

 

The venue management system, which may also be referred to as an integrated 

user behaviour orchestration system (IUBOS), is configured to facilitate cross-venue 

coordination and adaptive resource management. It may integrate real-time analytics 

to support visitor flow optimization, venue capacity balancing, and engagement 

strategies.  The system can be designed to synchronize venue operations, 

potentially assisting in the allocation of physical and digital resources across various 

commercial environments.  The commercial applications may include, but are not 

limited to, physical space management, resource allocation, and value distribution. 
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For physical space management, the system may contribute to enhancing the 

operational efficiency of commercial districts, urban zones, entertainment areas, and 

activity centers.  In such environments, dynamic visitor movement could be analysed 

to implement predictive modelling and intelligent flow regulation, if desired. 

 

Regarding resource optimization, the system may assist in venue capacity 

management, flow distribution, resource allocation, and engagement adjustments.  It 

may enable venues to maintain operational efficiency within preferred utilization 

ranges, potentially reducing risks associated with overcrowding or underutilization. 

 

For value distribution, the system could be applied to implement dynamic incentive 

mechanisms, multi-point optimization strategies, engagement mechanics, and 

behavioural triggers.  These features may support adaptive promotional campaigns 

and intelligent visitor engagement based on real-time behavioural insights. 

 

The disclosed venue management system may offer several advantages compared 

to conventional venue management approaches.  Unlike traditional systems that rely 

on fixed thresholds or reactive crowd control methods, the disclosed system is 

capable of anticipating congestion before it arises.  It may dynamically modify visitor 

access and queue parameters in response to real-time conditions, contributing to 

proactive congestion management.  By processing visitor movement data and venue 

capacity in real time, the system may assist in optimizing visitor flow distribution, 

potentially reducing bottlenecks and balancing resource utilization. 

 

Automation features of the system may minimize reliance on human operators, 

which could contribute to reducing operational costs and improving response times 

to changing venue conditions.  Additionally, the system may be adaptable and 

scalable across various venue types, including, but not limited to, theme parks, 

stadiums, airports, retail centres, and urban mobility hubs.  It may also be compatible 

with existing access control systems, queue management platforms, and digital 

signage interfaces, simplifying integration without requiring extensive hardware 

modifications. 

 

By continuously processing visitor and venue data, the system may refine venue 

control strategies dynamically, allowing for more responsive visitor flow 

management.  With the integration of predictive modelling and automation, the 

system could contribute to transforming venue management by offering operational 
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efficiencies, enhanced visitor experiences, and data-driven decision-making 

capabilities in high-traffic environments. 

 

A venue may refer to any designated space within a venue area where visitors 

gather, including but not limited to event halls, stadiums, exhibition centres, 

amusement park zones, or retail areas. 

 

A venue area may correspond to a geographically bounded region encompassing 

multiple venues, which may be managed by a centralized control system.  The 

venue area may include indoor and outdoor sections as well as various access-

controlled zones. 

 

The term "occupancy rate" may refer to a real-time measurement of visitor density 

within a venue, which could be calculated as a ratio of the current number of visitors 

to a venue’s total capacity. 

 

"Congestion" may refer to an occupancy rate exceeding a predefined threshold, 

indicating a potential scenario where visitor density is above an operationally optimal 

level.  This may result in longer wait times, restricted movement, or inefficient 

resource utilization. 

 

A "venue control instruction" may denote a digital directive generated by the venue 

management system, which could be used to adjust venue access conditions, 

modify queue arrangements, or provide visitor movement recommendations. 

 

Conventional user flow management systems lack predictive analytics, behavioural 

adaptation mechanisms, and multi-venue coordination capabilities, which limit their 

effectiveness in complex visitor environments.  Existing people-counting systems 

only provide basic entrance and exit data, without the capability to optimize visitor 

movement, identify behavioural patterns, or implement real-time decision-making 

across multiple venues.  These systems rely on single-point monitoring and do not 

incorporate predictive capabilities, making them reactive rather than proactive in 

managing congestion and user experience. 

 

Similarly, traditional queue management systems operate based on static linear 

queuing principles and are designed primarily for single-location optimization.  They 
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do not integrate real-time user behaviour predictions or dynamic resource allocation, 

limiting their ability to manage visitor flow across multiple venues effectively. 

 

Standard engagement systems, such as conventional loyalty programs, employ fixed 

reward structures and do not dynamically adapt to real-time visitor interactions.  As a 

result, these systems are less effective in influencing visitor behaviour dynamically.  

Moreover, conventional marketing systems rely on static promotional campaigns with 

fixed incentive structures, which offer limited targeting capabilities and are not be 

optimized based on actual visitor movement patterns. 

 

Illustratively, the venue management system may be configured to implement a 

behavioural orchestration framework that integrates real-time behavioural analysis, 

pattern recognition, dynamic engagement triggers, and predictive flow modelling.  In 

contrast to traditional systems, the venue management system may support cross-

venue coordination and adaptive resource management, dynamically adjusting 

capacity limits, queue structures, and incentive mechanisms in response to real-time 

user behaviour. 

 

FIG. 1 is a layer diagram of a venue management system; and FIG. 2 is a diagram of 

a venue area of a venue management system.   FIG. 1 and FIG. 2 illustrate a venue 

management system 100, which may be configured to analyse visitor 404 

movement, predict venue 402 occupancy, and dynamically generate venue control 

instructions.  The venue management system 100 may include multiple modules that 

interact in real-time 304 to support visitor 404 distribution across multiple venues 402 

within a venue area 400. 

 

FIG. 1 illustrates the integrated user behaviour orchestration system, which is 

structured into multiple layers, each responsible for specific functions in the 

management of visitor flow, engagement, and resource allocation.  The data layer 

202 includes the visitor data collection module 102, also denoted as the multi-sensor 

integration framework 102, which is responsible for collecting users’ real-time data 

304 from various tracking sources such as RFID scanners, GPS devices, Bluetooth 

proximity sensors, and infrared occupancy sensors.  This data is transmitted as 

variable venue data 302 from the visitor data collection module 102 to the venue 

data acquisition module 108, also referred to as the venue rating system 108, where 

venue-specific parameters such as occupancy levels, queue status, and capacity 

availability are retrieved. 
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The macro-cognition layer 204 includes the cross venue system 104, the flow 

tracking system 106, and the venue data acquisition module 108.  This layer enables 

multi-venue coordination, real-time visitor tracking, and flow optimization.  Users’ 

real-time data 304 flows from the visitor data collection module 102 to the flow 

tracking system 106, ensuring that real-time visitor movement is continuously 

monitored.  The primed user data 306 is derived from the cross venue system 104 

and flows to the user flow orchestration engine 110, allowing predictive modelling of 

visitor movement.  Additional data flows from the flow tracking system 106 and the 

venue data acquisition module 108 to the user flow orchestration engine 110, 

facilitating the refinement of congestion predictions. 

 

The engine layer 206 integrates multiple decision-making modules, including the 

user flow orchestration engine 110, the intelligent processing framework 112, the 

resource optimizer modules 114, and the value optimizer 116.  The user flow 

orchestration engine 110 is responsible for processing primed user data 306, 

applying advanced predictive analytics to model real-time visitor movement and 

congestion forecasting.  The intelligent processing framework 112 processes this 

data and refines occupancy predictions before forwarding it to the adaptive controller 

122.  Data flows from the user flow orchestration engine 110 to the intelligent 

processing framework 112, the resource optimizer modules 114, the value optimizer 

116, and the behavioural pattern recognition system 130, ensuring that visitor 

distribution, incentive management, and flow coordination remain dynamically 

adjusted. 

 

The application layer 208 consists of the behavioural pattern recognition system 130, 

the value distributor tracker 120, the adaptive controller 122, the advanced 

communication module 124, and the dynamic engagement controller 126.  These 

components manage engagement, decision execution, and communication with 

external interfaces.  The value distribution data 310 flows from the value optimizer 

116 to the value distributor tracker 120, ensuring that engagement incentives are 

allocated dynamically.  Processed data 312 flows from the intelligent processing 

framework 112 to the adaptive controller 122, which processes and adjusts venue 

access control parameters in real time.  Value distribution tracking data 314 flows 

from the value distributor tracker 120 to the adaptive controller 122, where the 

effectiveness of distributed engagement incentives is assessed and optimized.  The 

enhanced visualization data 316 flows from the adaptive controller 122 to the 
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advanced communication module 124, ensuring that venue operations and visitor 

movement updates are communicated visually.  Engagement strategies data 318 

flows from the adaptive controller 122 to the dynamic engagement controller 126, 

which refines interaction strategies and optimizes user engagement. 

 

The occupancy distribution prediction module 126, also denoted as the dynamic 

engagement controller 126, computes a venue occupancy distribution using 

Bayesian inference models, Markov decision processes, and historical trend 

analysis.  Based on the predicted congestion status, the adaptive controller 122 

generates venue control instructions 408, corresponding to access modifications, 

queue restructuring, and visitor redirection strategies. 

 

The generated instructions are transmitted via the advanced communication module 

124 to various execution components 406, which include automated entry systems, 

digital queue management interfaces, and visitor guidance displays.  If real-time 

congestion mitigation is necessary, the advanced communication module 124 

dynamically transmits adaptive recommendations to the relevant system interfaces.  

The venue management system operates within a continuous feedback loop, where 

newly collected visitor and venue data is reintegrated into the system to refine 

congestion forecasts and access control recommendations.  The enhanced 

visualization module 316 ensures that real-time operational insights are dynamically 

represented, improving decision transparency. 

 

To maintain system responsiveness, multiple data flows inform venue management 

decision-making.  Variable venue data 302 flows from the visitor data collection 

module 102 to the venue data acquisition module 108, where occupancy levels and 

venue status are continuously updated.  Users’ real-time data 304 flows from the 

visitor data collection module 102 to the flow tracking system 106, enabling visitor 

movement tracking.  Primed user data 306 flows from the cross venue system 104 to 

the user flow orchestration engine 110, where dynamic predictions are computed.  

Additional unnumbered data flows from the flow tracking system 106 and the venue 

data acquisition module 108 to the user flow orchestration engine 110, further 

refining occupancy and congestion predictions. 

 

Once predictive adjustments are computed, data flows from the user flow 

orchestration engine 110 to the intelligent processing framework 112, the resource 

optimizer modules 114, the value optimizer 116, and the behavioural pattern 
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recognition system 130.  The adaptive controller 122 processes the updated 

optimization data and transmits venue control updates to the advanced 

communication module 124.  Processed data 312 flows from the intelligent 

processing framework 112 to the adaptive controller 122, where access control and 

resource allocation decisions are implemented.  Engagement scoring metrics 308 

refine decision-making and are used to adjust visitor engagement strategies 

dynamically.  Value distribution data 310 flows from the value optimizer 116 to the 

value distributor tracker 120, ensuring optimal allocation of engagement incentives.  

Value distribution tracking data 314 flows from the value distributor tracker 120 to the 

adaptive controller 122, where engagement effectiveness is monitored and 

optimized.  Enhanced visualization data 316 flows from the adaptive controller 122 to 

the advanced communication module 124, ensuring that decision outputs are 

visually represented for operational monitoring.  Engagement strategies data 318 

flows from the adaptive controller 122 to the dynamic engagement controller 126, 

where visitor interactions and engagement patterns are refined in real time. 

 

The structured layering of the venue management system ensures that visitor 

movement remains dynamically optimized, engagement incentives are personalized, 

and congestion is mitigated through predictive analytics and real-time decision-

making.  The seamless integration of multi-layered decision logic with automated 

execution mechanisms enhances the efficiency and adaptability of the system. 

 

In the following, the entities are described in more detail. 

 

The visitor data collection module 102 may gather real-time visitor movement data 

304 from various tracking sources, including RFID scanners, mobile GPS signals, 

Bluetooth proximity sensors, and turnstile counters.  These sources may operate 

within the multi-sensor integration framework, ensuring continuous visitor tracking 

throughout the venue area.  Once collected, the users’ real-time data 304 may be 

transmitted to the venue data acquisition module 108, also denoted as the venue 

rating system, where it is processed as variable venue data 302.  This data may 

include venue-specific parameters such as occupancy levels, queue status, and 

available capacity of the venues 402, which may be collected through infrared 

sensors, camera-based detection algorithms, and electronic entry logs. 

 

A predictive computational model 126 may integrate this real-time visitor data with 

historical trends and congestion forecasting algorithms to compute a venue 
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occupancy distribution.  The model may analyse movement flow patterns, density 

variations, and emerging congestion zones, employing machine learning models and 

probabilistic inference techniques such as Bayesian estimation or regression-based 

forecasting.  A real-time analytics engine may identify congestion risks, while a 

historical data processing engine may retrieve stored visitor flow data to refine 

predictive accuracy.  The computed occupancy distribution may be used by the 

venue access control module 122 to generate venue control instructions 408 that 

dynamically adjust access permissions, queue parameters, and visitor flow 

recommendations. 

 

The venue access control module 122 may determine whether modifications to 

venue access conditions are required based on predicted congestion levels.  A 

visitor permission module may analyse congestion forecasts to assess whether 

access should be restricted, expanded, or reprioritized based on real-time demand 

fluctuations.  The queue management module 122 may dynamically adjust queue 

configurations to distribute visitors more evenly across multiple entry points, while 

the visitor redirection module 124 may generate movement recommendations 

directing visitors toward alternative venues with available capacity.  These venue 

control instructions 408 may be securely transmitted through the advanced 

communication module 124, which may support multiple network transmission 

protocols such as Transmission Control Protocol/Internet Protocol (TCP/IP), MQTT, 

and WebSockets.  This interface ensures that control adjustments are seamlessly 

integrated with electronic access control systems, queue management platforms, 

and digital signage interfaces. 

 

The venue management system 100 may execute venue control instructions 408 

through various execution components 406, including an electronic entry system, a 

queue management system, and a visitor guidance display system.  The electronic 

entry system may implement modified access permissions at turnstiles, gates, and 

digital verification terminals, adjusting in real-time based on congestion forecasts.  

The queue management system may update queue assignments, estimated waiting 

times, and alternative entry points, ensuring that visitor distribution remains balanced 

across venues.  The visitor guidance display system may present movement 

recommendations, congestion alerts, and alternative venue options via digital 

signage or mobile notifications, facilitating user navigation within the venue area. 
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As part of its operational cycle, the venue management system 100 may receive 

visitor and venue data from multiple sources, including RFID scanners, GPS 

tracking, Bluetooth proximity sensors, queue monitoring systems, and occupancy 

detection sensors.  This raw data may undergo pre-processing to remove 

inconsistencies, normalize location accuracy, and filter outliers, ensuring accurate 

and reliable input for predictive modelling.  The predictive computational model 126 

may apply a multi-layered data analysis approach to compute a venue occupancy 

distribution, integrating real-time visitor movement data 304 with historical occupancy 

patterns and congestion trends.  The model may employ clustering techniques to 

group visitors based on movement similarities and behavioural trends, dynamically 

adjusting clustering parameters to account for real-time variations in visitor flow. 

 

A probability-based congestion forecasting engine may assign probability scores to 

various venue states.  These probability scores may be computed using Bayesian 

inference models, regression-based demand forecasting, and historical trend 

analysis.  The model may update its probability distributions in real-time using a 

feedback loop that compares actual venue occupancy levels with predicted values, 

ensuring continuous refinement of congestion predictions.  A real-time adaptive 

model may ensure that venue control instructions 408 remain responsive to sudden 

changes in visitor flow.  The model may continuously monitor execution feedback 

from the venue management system 100 and refine predictive algorithms 

accordingly.  The system may update probability weights at intervals, such as every 

three minutes, ensuring a high degree of responsiveness to fluctuating visitor 

densities. 

 

The venue access control module 122 may generate venue control instructions 408 

based on real-time congestion probabilities, formatting them for machine execution 

before transmitting them to the venue management system 100 for implementation.  

The venue management system may function as a closed-loop, self-learning 

environment, where deviations between predicted and actual visitor behaviour are 

continuously reintegrated into future predictive computations.  This process ensures 

that the venue management system 100 remains dynamically adaptive, optimizing 

venue resource allocation, queue management, and visitor redirection strategies 

based on real-time demand. 

 

The venue access control module 122 may generate venue control instructions 408 

based on predicted congestion states.  These instructions may be transmitted to the 
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advanced communication module 124, where they are formatted into a machine-

executable protocol.  The venue management system 100 may receive and interpret 

these instructions, converting them into actionable commands that regulate visitor 

flow and venue access.  The electronic entry system may process entry permission 

modifications and enforce access restrictions when required, adjusting turnstile 

operations, digital verification terminals, and automated gate mechanisms.  The 

queue management system may apply queue adjustments and distribute visitor flow 

across available entry points based on real-time congestion patterns, dynamically 

modifying queue structures and waiting area configurations.  The visitor guidance 

display system may present congestion-based redirection recommendations to 

visitors through digital signage and mobile notifications, ensuring that movement 

guidance is contextually relevant and responsive to shifting venue conditions. 

 

Real-time execution results may be transmitted from the venue management system 

100 to the predictive computational model 126, which compares these results with its 

previously generated congestion forecasts.  Any deviation between predicted and 

actual venue occupancy levels may be used to dynamically update the model 

parameters, refining its predictive accuracy.  A model refinement engine may adjust 

the probability weighting of each predictive feature, accounting for factors such as 

seasonal variations, peak-hour visitor flows, and unexpected congestion events.  

The weight parameters of the model may be continuously fine-tuned based on 

observed deviations, ensuring that the system remains adaptive to fluctuating visitor 

patterns. 

 

A reinforcement learning engine within the venue management system 100 may 

ensure that each new cycle of congestion forecasting is informed by past execution 

outcomes.  Over time, the system may improve its ability to accurately predict 

congestion levels and recommend optimal visitor flow strategies by iteratively 

integrating real-time observations.  The feedback integration process may support 

the venue management system 100 in maintaining an adaptive, self-learning, and 

responsive approach to evolving visitor behaviours.  This adaptability allows the 

system to optimize resource allocation, queue management, and venue access 

permissions dynamically based on real-time demand. 

 

In one scenario, the venue management system 100 may determine that congestion 

levels at a primary venue are increasing.  The system may predict the impact of 

allowing additional visitors and generate movement recommendations to redirect 
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them toward alternative venues with available capacity.  The visitor redirection 

module 124 may coordinate with the visitor guidance display system to provide real-

time navigation assistance, presenting alternative route recommendations based on 

live visitor flow data 304. 

 

In this embodiment, venue data processing may be distributed across edge 

computing nodes rather than relying solely on centralized cloud-based computing.  

Each venue 402 may be equipped with an independent processing unit that locally 

processes visitor movement data 304, queue occupancy levels, and environmental 

parameters.  The predictive computational model 126 may be deployed across these 

edge nodes, enabling real-time congestion forecasting without requiring continuous 

data transmission to a remote server.  This architecture may reduce processing 

latency, facilitate faster response times, and ensure system functionality in cases of 

network disruptions. 

The venue access control module 122 in this implementation may receive localized 

congestion predictions and generate venue control instructions 408 independently at 

each venue 402.  Periodic synchronization with a central system may be performed 

to ensure broader optimization across multiple venues, allowing localized decision-

making while maintaining overall system-wide efficiency. 

 

The venue management system 100 may also detect an increasing visitor density at 

an entry queue.  By predicting a potential congestion event, the queue management 

module 122 may dynamically adjust queue configurations, modifying waiting zone 

assignments, digital check-in allocations, and physical barrier placements.  Venue 

control instructions 408 may be transmitted to the queue management system, 

where adjustments may be enforced.  The visitor guidance display system may 

update queue position notifications via mobile alerts and digital signage, ensuring 

that visitors receive up-to-date information regarding their waiting times and 

recommended movement directions.  The venue management system 100 may 

continuously monitor queue throughput and dynamically adjust assignments in 

response to real-time fluctuations in visitor arrival rates. 

 

The predictive computational model 126 in this implementation may utilize a 

Bayesian inference framework rather than a neural network-based approach.  The 

Bayesian model may compute probability distributions of future occupancy states, 

allowing the venue management system 100 to dynamically update congestion 

forecasts based on conditional probability adjustments.  Venue control instructions 
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408 may be adjusted based on confidence intervals derived from probability 

estimates rather than relying solely on fixed congestion thresholds. 

 

The venue management system 100 may implement a distributed decision 

architecture, enabling intelligent flow management through cross-venue optimization, 

real-time capacity balancing, dynamic incentive distribution, automated flow 

adjustments, and multi-objective optimization.  By incorporating machine learning-

based behavioural modelling, the system may autonomously refine its decision-

making processes, continuously improving flow management strategies. 

 

Additionally, the venue management system 100 may integrate an engagement 

platform that unifies real-time behavioural response, cross-system coordination, 

predictive engagement, and dynamic value distribution into a single operational 

framework.  Unlike traditional engagement systems that operate on static rules, the 

venue management system 100 may leverage pattern-based optimization, 

dynamically adjusting engagement strategies based on visitor movement, dwell 

times, and past behaviour. 

 

The system may implement behavioural pattern recognition techniques that are not 

evident in existing user flow or engagement systems.  Through real-time user flow 

analysis, engagement pattern detection, cross-venue coordination, and resource 

utilization optimization, the system may achieve visitor distribution management in a 

manner that was previously infeasible due to technological limitations.  The 

integration of multi-venue synchronization and adaptive response mechanisms may 

ensure that visitor distribution remains dynamically optimized, reducing congestion 

and enhancing the overall user experience. 

 

The venue management system 100 may implement multi-objective optimization 

algorithms within the user flow orchestration engine 110 and the resource optimizer 

modules 114 to manage resource balance, user flow coordination, value distribution, 

and engagement maximization.  These components may ensure that venue 

utilization remains dynamically balanced across multiple venues 402.  Unlike 

conventional methods that may rely on fixed allocation policies, the venue 

management system 100 may employ predictive analytics through the intelligent 

processing framework 112 to dynamically redistribute visitor flows based on real-time 

demand.  The resource optimizer modules 114 may continuously assess congestion 
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risks and available venue capacity, ensuring that resources are allocated where they 

are most needed. 

 

A dynamic response protocol may be employed within the adaptive controller 122, 

leveraging real-time pattern analysis and adaptive response generation to facilitate 

multi-point coordination, value optimization, and system-wide synchronization.  The 

behavioural pattern recognition system 130 may analyse visitor movement trends, 

enabling the venue management system 100 to modify visitor guidance strategies 

dynamically in response to live operational conditions.  The advanced 

communication module 124 may disseminate real-time updates to the visitor 

guidance display system, ensuring that congestion-based redirection 

recommendations remain timely and relevant. 

 

Traditional venue management systems relied on single-point monitoring, making 

dynamic visitor movement coordination challenging.  The venue management 

system 100 may address this limitation by incorporating a multi-point coordination 

system within the cross venue system 104 and the flow tracking system 106, 

integrating real-time flow balancing, predictive distribution, and cross-venue 

synchronization.  This approach may enable venues to redistribute visitors 

dynamically based on live conditions, mitigating congestion and optimizing visitor 

flow.  The queue management module within the venue access control module 122 

may further refine these adjustments by modifying waiting zone assignments and 

digital queue configurations in real time. 

 

The venue management system 100 may also support dynamic value allocation 

through the value optimizer 116 and the value distributor tracker 120, ensuring that 

incentives are distributed based on actual user movement patterns and real-time 

engagement metrics.  The value distribution tracking data 314 may be continuously 

analysed by the adaptive controller 122, which may adjust incentive mechanisms 

dynamically to optimize visitor participation and venue engagement.  The dynamic 

engagement controller 126 may further refine engagement strategies by adapting 

interaction mechanisms based on visitor behaviour and flow trends. 

 

Predictive capacity management may be executed within the predictive 

computational model 126, allowing for continuous venue occupancy forecasts and 

congestion risk assessments.  The venue management system 100 may integrate 

dynamic resource optimization, real-time load balancing, and adaptive distribution to 
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maintain optimal occupancy levels without requiring manual intervention.  The 

processed data 312 from the intelligent processing framework 112 may inform 

system-wide adjustments, ensuring that all optimization strategies align with current 

visitor movement patterns and anticipated demand fluctuations. 

 

Thus, the venue management system 100 may provide a comprehensive, self-

learning venue management framework by integrating the intelligent processing 

framework 112, the behavioural pattern recognition system 130, and the adaptive 

controller 122.  This combination may dynamically optimize visitor experiences while 

maximizing resource efficiency and engagement effectiveness.  The continuous 

refinement of congestion forecasting, venue redirection strategies, and incentive 

distribution mechanisms may ensure that the venue management system 100 

remains highly adaptive to real-time visitor behaviour and operational constraints. 

 

In other words: 

 

The venue management system 100 may function as a structured approach to flow 

orchestration, engagement management, and resource distribution, addressing 

limitations found in conventional venue management systems.  Instead of allowing 

random visitor movement patterns, the system may generate optimized flow patterns 

through the user flow orchestration engine 110, leveraging data collected by the 

multi-sensor integration framework 102 and processed by the intelligent processing 

framework 112.  The system may transform uncoordinated venue utilization into an 

orchestrated model, ensuring that visitor distribution remains balanced across 

multiple venues 402. 

 

The venue management system 100 may also include enhanced engagement 

mechanisms dynamically adapting to real-time user interactions through the dynamic 

engagement controller 126.  Unlike traditional systems that may suffer from poor 

utilization, the system may improve efficiency by employing dynamic timing 

adjustments and adaptive flow modifications using the predictive computational 

model 126.  The absence of real-time adaptation in prior systems may be mitigated 

through large-scale distributed response mechanisms, which enable rapid venue 

adjustments based on live visitor behaviour and capacity fluctuations.  The adaptive 

controller 122 may process real-time occupancy data 304 and historical congestion 

trends to refine movement recommendations, which are communicated to visitors 

through the visitor guidance display system. 
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Traditional engagement models may rely on fixed, one-dimensional reward 

structures with limited adaptability.  The venue management system 100 may 

implement a dynamic, multi-dimensional value allocation system, continuously 

adjusting incentives based on time (t) and station-based factors (s).  The value 

optimizer 116 may regulate engagement relevance across different venues and time 

slots.  The conventional single-point value system, which may limit incentives to 

specific venues, may be replaced with an integrated multi-point reward network 

spanning multiple locations.  The value distributor tracker 120 may facilitate cross-

system recognition and tracking, ensuring that visitor experiences remain 

interconnected across venues.  Static incentive models traditionally used in venue 

management may be replaced with intelligent incentive distribution algorithms that 

optimize visitor speed and engagement based on behavioural patterns processed by 

the behavioural pattern recognition system 130.  Rather than relying on limited 

distribution channels, the system may incorporate multiple pathways for value 

distribution 310, including real-time notifications, interactive displays, and dynamic 

push incentives. 

 

Uneven resource utilization may be mitigated by implementing predictable resource 

distribution models through the resource optimizer modules 114.  The venue 

management system 100 may ensure that venue capacities remain within optimal 

operating thresholds by analysing occupancy metrics and adjusting visitor 

distribution accordingly.  Instead of inefficient capacity management, the system may 

dynamically adjust visitor loads based on real-time demand fluctuations.  Cross-

venue coordination, which has been historically limited, may be improved through 

the cross-venue system 104, allowing seamless visitor redistribution based on live 

congestion data.  Unlike static resource allocation models, which may not adapt to 

real-time demand, the venue management system 100 may integrate dynamic 

resource allocation to ensure that venue spaces, staffing, and amenities are 

efficiently distributed through predictive load balancing.  The system may also 

incorporate predictive optimization mechanisms, proactively reallocating resources 

before congestion occurs. 

 

The venue management system 100 may optimize venue operations by integrating 

user flow orchestration, an engagement engine, and resource management.  The 

user flow orchestration engine 110 may control and optimize crowd movement, 

venue utilization, and system-wide resource distribution.  The system may balance 
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visitor distribution across multiple venues, manage real-time flow adaptations, and 

facilitate cross-venue coordination.  AI-driven flow analysis, dynamic route 

optimization, and real-time capacity monitoring may be employed to minimize visitor 

congestion while enhancing the overall user experience. 

 

The engagement engine may manage user interactions, coordinate value 

distribution, control behavioural triggers, and optimize engagement patterns.  It may 

track user journeys and dynamically adapt engagement mechanisms based on live 

behavioural data 306.  The venue management system 100 may incorporate 

dynamic engagement algorithms within the dynamic engagement controller 126, 

multi-point value distribution protocols through the value distributor tracker 120, real-

time trigger management, and journey tracking systems, ensuring personalized 

engagement strategies tailored to visitor flow conditions. 

 

The resource management system may optimize venue resource allocation through 

the resource optimizer modules 114, balance capacity limits, coordinate cross-venue 

resource distribution, and enable predictive allocations.  The system may employ 

real-time resource monitoring, dynamic allocation models, predictive analytics, and 

adaptive optimization strategies to distribute venue resources efficiently based on 

live occupancy and anticipated demand fluctuations.  The intelligent processing 

framework 112 may process occupancy metrics and real-time venue performance 

data 302 to refine optimization strategies dynamically. 

 

The venue management system 100 may incorporate components across multiple 

layers, such as the data layer 202, the macro-cognition layer 204, the engine layer 

206, the application layer 208, and the pattern recognition layer 130.  These layers 

may enable real-time decision-making and adaptive flow control by integrating 

pattern recognition, optimization engines, and response generation.  The pattern 

recognition layer 130 may analyse user behaviour, identify movement patterns, track 

engagement interactions, and monitor resource utilization trends.  The behavioural 

pattern recognition system 130 may employ real-time data collection, pattern-

matching algorithms, behavioural analytics, multi-point monitoring, and state-tracking 

systems, ensuring that system decisions remain informed by live user data. 

 

The optimization engine layer may facilitate flow optimization, resource balancing, 

value distribution, and engagement coordination through dynamic decision-making.  

The adaptive controller 122 may synchronize system components using real-time 
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balancing systems, distribution protocols, coordination mechanisms, and 

synchronization management algorithms.  The response generation layer may 

execute real-time modifications by dynamically adjusting value allocations, flow 

structures, and resource distributions.  The optimization engine layer may operate 

through real-time response generation, dynamic allocation systems, adaptive 

adjustments, and resource management techniques, ensuring that all modifications 

align with live venue conditions.  By continuously monitoring system performance, it 

may dynamically refine its parameters, allowing for adaptive decision-making that 

optimizes resource utilization and visitor distribution in real time. 

 

The cross-venue coordination system 104 may provide a multi-venue management 

framework, facilitating seamless resource sharing, visitor flow synchronization, and 

dynamic value distribution.  It may prevent visitor congestion by employing 

distributed coordination protocols, real-time venue sharing mechanisms, 

synchronization algorithms, and optimization engines.  Through this architecture, the 

system may ensure balanced venue occupancy while dynamically reallocating 

visitors to maintain efficient crowd distribution.  The macro-cognition layer 204 may 

enable this synchronization, integrating real-time venue tracking through the flow 

tracking system 106 and continuous occupancy assessments via the venue data 

acquisition module 108. 

 

By integrating these dynamic optimization mechanisms, the venue management 

system 100 may ensure that visitor movement, engagement strategies, and venue 

resource distribution remain continuously adapted to real-time conditions.  The 

system may mitigate congestion risks through predictive modelling, refine 

engagement strategies based on live behavioural analytics, and ensure that venue 

resources are allocated efficiently through automated decision-making processes.  

This comprehensive framework may enhance venue operations, optimize visitor 

experiences, and maintain balanced distribution across multiple venues. 

 

A time-based management system may implement temporal optimization strategies 

through the adaptive controller 122, dynamically adjusting venue schedules and 

operational triggers based on predictive modelling.  By utilizing real-time scheduling 

algorithms, dynamic timing optimizations, and pattern-based event triggers, the 

system may continuously adapt to visitor traffic trends, ensuring that venues remain 

responsive to fluctuating demand.  The behavioural pattern recognition system 130 
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may analyse historical attendance patterns, feeding data into the predictive 

computational model 126 to refine scheduling adjustments dynamically. 

 

A value distribution system may be facilitated through the value optimizer 116 and 

the value distributor tracker 120, enabling real-time resource allocation, incentive 

distribution, and reward optimization.  These components may support adaptive and 

personalized engagement strategies, ensuring that incentives align with visitor 

behaviour and venue demand.  The system may operate through dynamic allocation 

engines, distribution algorithms, management protocols, and optimization 

techniques, allowing visitors to receive tailored incentives that correspond to 

engagement insights derived from the venue data acquisition module 108 and visitor 

flow tracking data 304. 

 

Through the integration of these optimization mechanisms, the venue management 

system 100 may function as a fully adaptive, real-time venue management solution.  

The system may dynamically respond to visitor behaviour, optimize engagement 

strategies through the dynamic engagement controller 126, and facilitate seamless 

cross-venue coordination via the cross-venue system 104.  Its ability to predict and 

adjust user movement, allocate resources dynamically, and distribute value-based 

incentives through real-time processing within the intelligent processing framework 

112 may represent a transformational advancement in visitor flow orchestration and 

venue resource optimization. 

Illustratively, the venue management system 100 may be structured into three 

fundamental component groups, centred around the user flow orchestration engine 

110 and resource optimizer modules 114, which may serve as the system’s primary 

control centres.  The user flow orchestration engine 110 may coordinate user 

movement patterns, venue utilization, and real-time adjustments across multiple 

venues 402, ensuring seamless flow optimization and congestion prevention.  It may 

continuously process behavioural insights and system conditions by interacting 

dynamically with real-time data feeds 302, 304, refining flow patterns accordingly. 

 

A multi-sensor integration framework 102 may provide the venue management 

system 100 with real-time environmental awareness through a distributed network of 

pattern detection units, behavioural analysis modules, resource monitoring units, 

flow tracking systems 106, and value distribution trackers.  This integrated sensor 

network may ensure comprehensive real-time monitoring, transmitting high-

frequency data into the user flow orchestration engine 110 and resource optimizer 
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modules 114.  By creating an adaptive data grid, the system may continuously 

collect, process, and distribute user movement information, resource usage metrics, 

and engagement data across the entire venue area. 

 

The intelligent processing framework 112 may serve as the computational backbone 

of the system, processing collected data through the resource optimizer modules 

114.  A central processing engine within the framework may be supported by the 

behavioural pattern recognition system 130, a flow analysis unit, a value distribution 

controller, and a system optimization engine.  These distributed processing nodes 

may enable seamless analysis of user behaviours, venue congestion levels, and 

real-time engagement metrics, allowing the user flow orchestration engine 110 to 

execute intelligent flow optimization decisions. 

 

The adaptive control system may consist of key operational components, including 

the flow optimization unit within the user flow orchestration engine 110, the resource 

balancing module, the value distribution engine within the value optimizer 116, the 

engagement management system, and the cross-venue coordinator.  These 

elements may work collectively to manage venue resources, optimize engagement 

triggers, and coordinate system-wide operations.  The resource optimizer modules 

114 may continuously analyse visitor density, resource consumption, and demand 

fluctuations, dynamically redistributing resources to balance venue loads in real time.  

The distributed architecture of the venue management system 100 may ensure 

failover protection and redundancy, enabling seamless expansion, adaptation, and 

continued functionality in large-scale deployments. 

 

The user flow orchestration engine 110 may function as the system’s intelligent 

command centre for managing user movement across multiple venues.  Receiving 

continuous input from the behavioural pattern recognition system 130 and resource 

monitoring units, it may process real-time data to predict congestion points and 

optimize flow patterns.  Through predictive algorithms, the system may identify 

potential crowding issues before they occur, dynamically adjusting access points, 

redirecting users, and modifying venue assignments to maintain balanced 

distribution. 

 

The resource optimizer modules 114 may serve as the primary resource allocation 

mechanism, ensuring optimal utilization of venue capacity, visitor flow, and 

engagement incentives.  These modules may analyse live data from the resource 



 
 
 

23 
 

monitoring units and the flow analysis unit, dynamically adjusting resource 

allocations based on venue occupancy, peak activity periods, and projected 

congestion risks.  The venue management system 100 may ensure that resources 

are distributed equitably, preventing overutilization in high-traffic zones while 

maximizing efficiency in underutilized areas. 

 

The behavioural pattern recognition system 130 may function as the analytical core 

of the system, utilizing machine learning models to determine user movement 

patterns, engagement levels, and behavioural trends.  By continuously analysing 

data from the multi-sensor integration framework 102, it may generate insights into 

visitor preferences, dwell times, and engagement effectiveness.  The user flow 

orchestration engine 110 and resource optimizer modules 114 may leverage these 

insights to make real-time flow adjustments, optimize queue structures, and refine 

user engagement strategies. 

 

The value distribution engine within the value optimizer 116 may manage the 

system’s incentive mechanisms, ensuring that rewards and engagement triggers are 

dynamically allocated based on real-time visitor interactions.  By interacting with the 

engagement management system and cross-venue coordinator, it may maintain 

balanced value distribution across all system venues.  Adaptive algorithms may 

continuously adjust incentive structures, modifying engagement models based on 

system performance, visitor behaviour, and demand fluctuations. 

 

The cross-venue coordinator within the cross-venue system 104 may act as the 

synchronization hub, facilitating seamless integration of user flow, venue load 

balancing, and engagement models across multiple locations.  Directly interacting 

with the user flow orchestration engine 110 and resource optimizer modules 114, it 

may ensure optimal visitor distribution.  By executing real-time adjustments, this 

component may prevent any single venue from becoming overwhelmed while 

maximizing operational efficiency across the entire network. 

 

The engagement management system, facilitated by the dynamic engagement 

controller 126, may govern real-time user interactions, managing engagement 

strategies, incentive mechanisms, and dynamic user prompts.  By analysing input 

from the behavioural pattern recognition system 130, flow tracking systems 106, and 

venue analytics, it may generate personalized engagement experiences for visitors.  

The venue management system’s adaptive engagement algorithms may refine user 
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interactions based on live behavioural data 306, ensuring that venue 

recommendations, promotional incentives, and engagement content remain 

contextually relevant and effective. 

 

Through this comprehensive integration of predictive modelling, adaptive control 

mechanisms, and real-time optimization processes, the venue management system 

100 may enhance visitor distribution, engagement efficiency, and venue resource 

utilization.  The system may dynamically refine congestion forecasting, modify visitor 

redirection strategies, and optimize engagement pathways, ensuring that the venue 

area remains efficiently managed and responsive to evolving visitor behaviours. 

 

Each system component may communicate in real time through a messaging 

framework that maintains synchronization across venue operations.  This allows the 

venue management system 100 to dynamically optimize visitor distribution, prevent 

congestion, and ensure seamless operational efficiency across multiple venues 402.  

The distributed processing architecture may support continuous functionality through 

the intelligent processing framework 112, enabling real-time scaling, high-

performance decision-making, and cross-venue coordination. 

 

The venue management system 100 may rely on multiple interconnected 

components that collectively facilitate real-time adaptive venue management and 

resource optimization.  These components may operate in coordination to execute 

user flow orchestration, predictive resource allocation, engagement-driven value 

distribution, and venue-wide synchronization.  Their interactions may allow the 

system to dynamically respond to fluctuating visitor conditions, ensuring optimized 

and efficient resource management. 

 

The user flow orchestration engine 110 may function as the central processing unit 

for managing visitor movement, predicting congestion points, and dynamically 

adjusting venue accessibility.  By integrating real-time flow management, predictive 

analytics, and adaptive response mechanisms, it may ensure that visitor distribution 

remains balanced across all venues.  Movement patterns may be analysed through 

data streams originating from the multi-sensor integration framework 102, enabling 

continuous flow optimization through predictive modelling. 

 

The resource optimizer modules 114 may regulate resource allocation, load 

balancing, and venue capacity adjustments.  These modules may continuously 
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assess occupancy data 302, visitor density metrics, and engagement levels, 

ensuring that resources such as staffing, queue structures, and access control 

parameters are dynamically adjusted.  Optimization algorithms within the intelligent 

processing framework 112 may facilitate congestion management, fluctuation 

handling, and efficient use of venue space, allowing resources to be distributed in 

response to real-time demand variations. 

 

The multi-sensor integration framework 102 may operate as the system’s data 

acquisition layer, collecting live inputs from pattern detection units, behavioural 

analysis modules, flow tracking systems 106, and resource monitoring units.  The 

integration of this sensor data with the user flow orchestration engine 110 and 

resource optimizer modules 114 may ensure data-driven decision-making based on 

real-time environmental conditions.  The ability to process and analyse high-

frequency visitor movement data 304 may allow for proactive rather than reactive 

adjustments to venue flow. 

 

The value distribution system may function through the value optimizer 116 and the 

value distributor tracker 120, supporting engagement-driven incentives and 

behavioural influence mechanics.  This system may dynamically track and manage 

value-based interactions, such as personalized promotions, engagement-based 

rewards, and venue-specific incentives.  The adaptive controller 122 may analyse 

visitor engagement data 318 and distribute incentives based on time, venue 

sequence, and behavioural patterns, ensuring optimized engagement strategies. 

 

The cross-venue coordination system 104 may maintain synchronization across 

multiple venues, supporting communication, real-time state tracking, and distributed 

management protocols.  This system may facilitate venue load balancing, real-time 

visitor redistribution, and multi-venue synchronization, ensuring that visitor 

movement is evenly distributed.  By coordinating across venues, the system may 

mitigate localized congestion and enhance overall operational efficiency.  Through 

direct interactions with the user flow orchestration engine 110 and resource optimizer 

modules 114, the system may execute adjustments that maintain optimal occupancy 

levels across all venues. 

 

The user flow orchestration engine 110 may be configured for high-speed 

processing, ensuring that response times remain within predefined thresholds to 

maintain uninterrupted visitor movement coordination.  The distributed architecture 
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may support real-time visitor flow optimization, even under high-traffic conditions.  

The behavioural pattern recognition system 130 may analyse movement anomalies 

and engagement variations, refining prediction models to enhance congestion 

mitigation. 

 

The resource optimizer modules 114 may facilitate continuous dynamic allocation, 

ensuring adaptive resource management that responds to fluctuating visitor 

densities.  These modules may concurrently process multiple resource allocation 

requests across different venues, relying on a high-throughput distributed computing 

structure to balance resources efficiently and mitigate high-demand constraints. 

 

The multi-sensor integration framework 102 may provide redundant data coverage 

across all monitored areas, ensuring continuous system functionality even in cases 

of sensor failures.  Synchronous data collection and real-time processing may allow 

for continuous updates on visitor density, queue status, and venue capacity levels.  

Data validation and verification mechanisms may prevent inaccurate or incomplete 

information from influencing system-level decisions. 

 

The value distribution system may incorporate spatiotemporal transaction 

capabilities, dynamically adjusting value assignments based on time, venue 

sequences, and visitor movement patterns.  Engagement strategies may be refined 

through multi-dimensional calculations, considering factors such as time-based 

variations, in which incentives adapt to visitor speed, arrival times, and venue dwell 

durations.  Sequence-based modifications may optimize reward structures based on 

the order in which venues are visited, while instance-based engagement tracking 

may allow concurrent user groups to experience independent engagement states 

while sharing the same physical spaces.  Cross-instance coordination may further 

ensure that value distribution remains balanced across different visitor waves and 

time slots, maintaining fairness and engagement consistency. 

 

The venue management system 100 may maintain separate reward distributions for 

simultaneous visitor groups while preserving system-wide engagement balance.  

The accuracy, fairness, and strategic impact of the value distribution engine within 

the value optimizer 116 may be ensured through the continuous analysis of 

engagement data 318.  The system may dynamically adjust incentive allocations 

based on behavioural trends, ensuring that engagement-driven rewards remain 

aligned with real-time visitor interactions. 
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The cross-venue coordination system 104 may support message sequencing and 

ordered processing, preventing conflicts in venue synchronization and resource 

allocation.  By maintaining consistent state information across all venues, the system 

may facilitate real-time synchronization mechanisms that execute venue capacity 

adjustments without latency or data inconsistencies.  This may ensure seamless 

visitor movement redirection across venues while avoiding over-allocation or 

underutilization of space and resources. 

 

By integrating these interconnected components, the venue management system 

100 may enable real-time, predictive, and adaptive venue management.  The 

intelligent processing framework 112 may regulate system-wide decision-making, 

balancing resource loads intelligently, influencing visitor behaviour through 

engagement mechanics, and dynamically adjusting to operational demands.  These 

components may contribute to the system’s scalability, resilience, and continuous 

optimization, positioning it as a potential advancement in large-scale visitor flow and 

resource management.  The venue management system 100 may refine congestion 

forecasting through predictive analytics, modify visitor redirection strategies through 

automated decision-making, and optimize engagement pathways through 

behavioural modelling, ensuring that venue areas remain efficiently managed and 

responsive to evolving visitor behaviours. 

 

The operational characteristics of the venue management system 100 may establish 

a structured framework in which each component interacts cohesively to facilitate 

real-time adaptive venue coordination.  The system may ensure continuous 

synchronization across multiple venues 402, enabling intelligent visitor flow 

management, dynamic resource allocation, and automated engagement-driven 

optimizations.  Each system element may contribute to maintaining real-time 

processing capabilities, seamless multi-venue coordination, adaptive response 

mechanisms, and system-wide synchronization.  The consistency of value 

distribution may be upheld through structured engagement tracking within the value 

distribution system 120, ensuring fair and accurate allocation of incentives based on 

visitor behaviour. 

 

An architecture diagram may visually depict the interrelationship between the core 

components of the venue management system 100, including the user flow 

orchestration engine 110, the resource optimizer modules 114, the multi-sensor 
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integration framework 102, the value distribution system 120, and the cross-venue 

coordination system 104.  This representation may clarify how these components 

interact to maintain predictive optimization and real-time adaptability, ensuring 

efficient visitor movement, congestion management, and engagement allocation. 

Certain elements may serve as the foundation of the system’s architecture, 

supporting its ability to process real-time data, coordinate visitor movement, and 

manage resource distribution dynamically.  The venue management system 100 

may support multi-point coordination to facilitate cross-venue synchronization, 

ensuring that visitors are distributed efficiently based on live occupancy data 302.  

Dynamic adaptation mechanisms, particularly those associated with engagement-

driven incentives and behavioural influence strategies, may align promotional 

interactions and visitor engagement with real-time system conditions.  System-wide 

synchronization may ensure that all venues operate in a coordinated manner, 

reducing operational inefficiencies while improving venue utilization balance.  The 

structured engagement tracking facilitated through the value distribution tracker 120 

may allow incentives to be allocated fairly across visitor groups, ensuring 

consistency in engagement-based interactions. 

 

Although the venue management system 100 may be structured as an integrated 

framework, certain optional components may not directly impact its core functionality.  

Enhanced visualization systems, such as real-time heat maps, user flow visualization 

tools, graphical analytics dashboards, and performance monitoring interfaces, may 

provide operational insights.  While these elements may improve real-time 

monitoring and strategic decision-making, the venue management system 100 may 

function without them as long as core data processing, optimization, and 

orchestration mechanisms remain intact. 

 

Similarly, secondary analytics features, including historical trend analysis, detailed 

user journey mapping, and advanced pattern recognition, may support long-term 

decision-making without directly affecting the system’s ability to dynamically manage 

venue flow and resource distribution.  The intelligent processing framework 112 may 

continue processing real-time visitor movement data 304, occupancy updates 302, 

and engagement tracking 318, ensuring that the core operational framework remains 

intact even without additional analytics functionalities. 

 

Advanced communication features, such as user notification systems, inter-user 

messaging capabilities, and community engagement tools, may enhance visitor 
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experience and interaction.  However, the venue management system 100 may 

continue managing visitor flow and resource allocation without these components, as 

real-time movement orchestration and value distribution would remain unaffected.  

System-critical functionalities such as predictive congestion modelling within the 

adaptive controller 122 and user movement coordination within the user flow 

orchestration engine 110 may ensure that venue optimization remains dynamically 

managed, even without extended communication interfaces. 

 

Extended reporting systems may provide detailed performance reports, custom 

analytics dashboards, advanced metrics tracking, and data visualization tools.  While 

these reporting functionalities may assist in post-event analysis and long-term 

optimization, they may not be integral to real-time visitor flow management and 

resource allocation.  The venue management system’s ability to predict congestion 

through the predictive computational model 126, balance venue occupancy, and 

distribute incentives dynamically through the value distribution system 120 may 

remain operational even without extensive reporting mechanisms. 

 

Additionally, auxiliary management tools, such as administrative control panels, 

configuration interfaces, advanced monitoring tools, and audit trails, may improve 

system administration.  However, the core functions of visitor flow optimization, 

resource balancing, and engagement-driven value distribution may continue 

operating without these elements, ensuring that real-time responsiveness and 

system-wide adaptability are maintained through the distributed processing 

framework within the intelligent processing framework 112. 

 

Even without optional components such as visualization tools, extended analytics, 

advanced communication features, reporting modules, and auxiliary management 

tools, the venue management system 100 may retain its fundamental operational 

structure.  Foundational elements such as time-based value calculations within the 

engagement system, venue sequence management through the macro-cognition 

layer 204, instance coordination within the user flow orchestration engine 110, core 

value distribution mechanics through the value optimizer 116, and real-time flow 

orchestration within the cross-venue coordination system 104 may continue to 

enable continuous optimization of visitor movement.  The system may dynamically 

refine congestion forecasting, modify visitor redirection strategies, and optimize 

engagement pathways, ensuring that adaptive venue management and real-time 



 
 
 

30 
 

visitor flow optimization remain intact, even without supplementary feature 

integrations. 

 

The venue management system 100 may be further enhanced by incorporating 

supplementary components that extend its capabilities, improve efficiency, and 

optimize visitor experience while maintaining its core time-sequence-instance (t-s-i) 

mechanics.  Enhancements may introduce artificial intelligence-driven decision-

making, real-time analytics, social engagement mechanisms, environmental 

adaptation features, advanced security protocols, and extended value distribution 

models. 

 

Artificial intelligence enhancements may refine predictive route optimization, real-

time congestion detection, and intelligent user movement forecasting.  By 

incorporating predictive route optimization engines within the adaptive controller 122, 

the venue management system 100 may dynamically assess venue occupancy 302, 

visitor density trends 304, and projected congestion levels, allowing for automated 

redirection and flow adjustments.  Dynamic difficulty adjustment mechanisms may 

personalize user experiences by modifying time-based challenges and engagement 

triggers based on real-time behavioural data.  The behavioural pattern learning 

module within the behavioural pattern recognition system 130 may continuously 

adapt engagement recommendations, incentive distribution, and venue sequencing 

based on historical visitor interactions.  Smart resource allocation predictors may 

optimize venue capacity distribution through the resource optimizer modules 114 and 

multi-venue coordination through the cross-venue system 104 by proactively 

balancing resources in anticipation of fluctuating visitor demand. 

 

Advanced real-time analytics may further improve multi-instance management, live 

congestion prediction, and adaptive value distribution scaling.  Live congestion 

prediction models within the predictive computational model 126 may enable venues 

to anticipate high-traffic periods and pre-emptively redirect visitors to alternative 

areas, reducing wait times and congestion risks.  Dynamic value multiplier 

optimization may ensure that visitor incentives scale in real time based on 

engagement trends 318, reinforcing user motivation while maintaining balanced 

engagement across venues.  Multi-instance performance correlation may provide 

insights into venue efficiency, visitor movement patterns, and engagement success 

across different time slots and user groups.  Cross-venue pattern recognition 

algorithms within the behavioural pattern recognition system 130 may enhance 
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visitor distribution optimization by identifying behavioural trends, peak congestion 

periods, and high-traffic pathways across multiple venues. 

 

A social interaction layer may introduce additional engagement mechanisms by 

incorporating team-based competition dynamics, group synchronization features, 

and collaborative progress tracking.  Team-based challenge mechanics may enable 

visitors to engage in multi-user venue sequences collaboratively or competitively.  

Group synchronization features within the engagement engine may support real-time 

coordination between visitors traveling together, aligning venue recommendations 

with collective movement patterns.  A collaborative completion tracking system may 

allow synchronized progress visualization for user teams, reinforcing engagement by 

providing real-time feedback on group achievements.  Inter-team competition 

systems may introduce an additional layer of engagement, allowing visitors to 

compare progress, optimize flow paths, and compete for rewards based on venue 

efficiency and sequence completion. 

 

Through these enhancements, the venue management system 100 may 

continuously improve its capabilities, integrating AI-driven optimization, predictive 

congestion analysis, and dynamic engagement adaptation.  The core structure of 

real-time venue coordination, flow orchestration, and intelligent value distribution 

may remain intact, ensuring that the system dynamically manages visitor 

experiences, optimizes congestion forecasting, and maintains seamless multi-venue 

synchronization while adapting to evolving visitor behaviours. 

 

The venue management system 100 may operate within a structured multi-layer 

framework, integrating multiple interconnected components to facilitate real-time 

visitor flow optimization, predictive congestion management, and dynamic resource 

allocation.  At the core of the system, the data layer 202 may process raw input data 

collected from the visitor data collection module 102, also referred to as the multi-

sensor integration framework 102, which gathers real-time visitor movement data 

304.  This module may interface with a variety of tracking mechanisms, including 

RFID scanners, mobile GPS signals, Bluetooth proximity sensors, and turnstile 

counters, allowing for continuous and accurate visitor monitoring. 

 

The macro-cognition layer 204 may include multiple operational components 

responsible for deriving insights from collected data and refining predictive 

congestion analysis.  This layer may comprise the venue data acquisition module 
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108, also denoted as the venue rating system 108, which retrieves variable venue 

data 302, including occupancy levels, queue status, and available capacity.  This 

data may be sourced from infrared sensors, camera-based detection algorithms, and 

electronic entry logs.  Additionally, the flow tracking system 106 may process user 

movement trends by analysing real-time visitor data 304, thereby supporting 

predictive venue occupancy assessments. 

 

The engine layer 206 may serve as the computational backbone of the venue 

management system 100, integrating key decision-making modules that dynamically 

adjust visitor flow strategies based on real-time system inputs.  Within this layer, the 

user flow orchestration engine 110 may coordinate visitor movement patterns, venue 

utilization, and queue assignments by continuously analysing primed user data 306.  

The intelligent processing framework 112 may process collected visitor data, apply 

behavioural analytics, and refine congestion forecasts to enhance predictive 

modelling accuracy.  The resource optimizer modules 114 may regulate venue 

capacity, dynamically adjusting queue structures and accessibility parameters to 

prevent localized congestion.  The value optimizer 116 may determine optimized 

incentive distributions by analysing value distribution data 310, ensuring 

engagement-driven visitor flow adjustments.  Additionally, the behavioural pattern 

recognition system 130 may process historical visitor behaviour patterns, identifying 

recurring congestion risks and optimizing flow pathways accordingly. 

 

The application layer 208 may facilitate real-time communication, visualization, and 

engagement management within the venue management system 100.  This layer 

may include the dashboard 118, which serves as a system monitoring interface, 

aggregating analytics and performance data for administrative oversight.  The value 

distributor tracker 120 may receive value distribution data 310 from the value 

optimizer 116 and process it into value distribution tracking data 314 for real-time 

monitoring and optimization of engagement-driven incentive allocations.  The 

adaptive controller 122 may dynamically adjust venue flow parameters by integrating 

processed data 312 from the intelligent processing framework 112, ensuring 

responsive system adjustments based on live visitor movement trends.  The 

advanced communication module 124 may handle enhanced visualization data 316, 

facilitating the transmission of venue control instructions through real-time system 

interfaces.  The dynamic engagement controller 126 may receive engagement 

strategies data 318, enabling adaptive engagement strategies that respond to 

evolving visitor behaviours. 
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Within the system architecture, various data flows support seamless communication 

between modules.  The visitor data collection module 102 may transmit real-time 

visitor movement data 304 to both the flow tracking system 106 and the venue data 

acquisition module 108.  The venue data acquisition module 108 may further relay 

variable venue data 302 to the user flow orchestration engine 110, allowing for 

comprehensive venue occupancy assessments.  Additionally, visitor movement data 

from the flow tracking system 106 may be processed by the intelligent processing 

framework 112, enabling real-time congestion forecasting.  The user flow 

orchestration engine 110 may distribute processed movement data to multiple 

downstream modules, including the intelligent processing framework 112, the 

resource optimizer modules 114, the value optimizer 116, and the behavioural 

pattern recognition system 130, ensuring an integrated and predictive visitor flow 

management system. 

 

The value optimizer 116 may generate value distribution data 310, which may be 

relayed to the value distributor tracker 120 for tracking and analysis.  The value 

distributor tracker 120 may process this data into value distribution tracking data 314, 

transmitting it to the adaptive controller 122 for engagement-based visitor flow 

adjustments.  Processed data 312 from the intelligent processing framework 112 

may also be sent to the adaptive controller 122, allowing for dynamic adjustments to 

visitor guidance strategies, venue access permissions, and congestion mitigation 

protocols.  The adaptive controller 122 may further transmit enhanced visualization 

data 316 to the advanced communication module 124, supporting real-time 

monitoring through system dashboards.  Additionally, the adaptive controller 122 

may send engagement strategies data 318 to the dynamic engagement controller 

126, ensuring that visitor engagement recommendations remain aligned with real-

time venue conditions. 

 

The venue access control module, which may operate within the user flow 

orchestration engine 110, may generate venue control instructions 408 based on 

predicted congestion states.  These instructions may be transmitted through the 

advanced communication module 124 and formatted into machine-executable 

directives.  The venue management system 100 may receive these instructions and 

process them into actionable commands that regulate visitor access permissions, 

queue management adjustments, and venue redirection recommendations. 
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The execution of venue control instructions 408 may involve multiple system 

components.  The electronic entry system, integrated within the venue management 

system 100, may process modifications to access permissions, dynamically 

adjusting entry conditions at automated gates, turnstiles, or digital authentication 

terminals.  The queue management system may implement queue adjustments by 

modifying waiting zone assignments, digital check-in allocations, and physical barrier 

placements based on real-time congestion levels.  The visitor guidance display 

system may present congestion-based redirection recommendations through digital 

signage or mobile notifications, ensuring that visitor movement remains optimized 

across multiple venues. 

 

The venue management system 100 may operate as a self-learning environment, 

continuously integrating execution feedback into its predictive computational model.  

Real-time execution results may be transmitted from the venue management system 

100 to the intelligent processing framework 112, allowing for continuous refinement 

of predictive congestion models.  If detected deviations between predicted and 

actual venue occupancy exceed a predefined threshold, the model refinement 

engine within the intelligent processing framework 112 may dynamically adjust 

probability weightings, ensuring greater accuracy in future predictions. 

 

The reinforcement learning engine within the venue management system 100 may 

enable iterative system improvements by analysing historical execution outcomes 

and refining decision-making parameters accordingly.  Over time, the venue 

management system 100 may enhance its ability to predict congestion levels, 

recommend optimal visitor flow strategies, and dynamically allocate resources with 

minimal manual intervention. 

 

The venue management system 100 may also support distributed decision-making, 

enabling localized congestion forecasting and real-time venue control through edge 

computing nodes.  Each venue 402 may be equipped with an independent 

processing unit, allowing for localized processing of visitor movement data, queue 

occupancy metrics, and environmental conditions.  The predictive computational 

model may be deployed across these edge nodes, allowing for real-time congestion 

forecasting without reliance on continuous data transmission to a centralized server.  

This architecture may reduce processing latency, improve response times, and 

ensure system functionality even in cases of network disruptions. 
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Through its modular architecture, real-time data integration, and adaptive congestion 

mitigation strategies, the venue management system 100 may offer a 

comprehensive and scalable solution for dynamic visitor flow management.  The 

interplay between data acquisition, predictive modelling, venue control instructions, 

and engagement-driven optimization may enable the system to enhance visitor 

experiences, mitigate congestion risks, and maximize venue resource utilization 

across multiple deployment scenarios. 

 

By integrating real-time data processing with machine learning-based predictive 

analytics, the venue management system may optimize resource allocation 

dynamically, enabling automated decision-making without requiring manual 

intervention.  Venue control instructions may be transmitted to a venue management 

system, which may then implement optimized visitor distribution strategies using 

electronic entry systems, digital queue management interfaces, and visitor guidance 

displays. 

 

The venue management system may incorporate precise geospatial computations to 

optimize venue selection, predict visitor movement patterns, and manage congestion 

efficiently.  These computations may account for real-world movement behaviour 

and environmental conditions, ensuring accurate distance estimations for location-

based decision-making. 

 

The Haversine formula may be utilized to compute the shortest distance between 

two points on the Earth's surface, measured along a great-circle path.  This formula 

may be particularly suitable for venue management applications, where accurate 

distance measurements between locations may be necessary for predicting visitor 

movement and optimizing venue allocation. 

 

The Haversine function may be defined as: 

 

          (1) 

 

where hav(θ) represents the Haversine function, which measures the square of the 

sine of half the angular difference between two latitudes or longitudes. 

 

The distance between two geospatial points, denoted as p1 and p2, may be 

computed using the following formula: 
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  (2) 

 

where d(p1, p2) represents the great-circle distance between two geographical 

points p1 and p2; R may be the Earth's radius, set to 6, 371, 000 meters for accurate 

global positioning calculations; ϕ1, ϕ2 may be the latitudes of points p1 and p2 in 

radians; and λ1, λ2  may be the longitudes of points p1 and p2 in radians. 

 

This formula may account for the Earth's curvature, providing a more precise 

distance calculation than a simple Euclidean approximation.  The calculated distance 

may determine the optimal routing of visitors, estimating arrival times, and 

dynamically redirecting traffic in high-congestion scenarios. 

 

To track visitor movement and analyse travel patterns, the venue management 

system may compute the total journey distance of a user traversing multiple venues.  

This metric allows the venue management system to measure the actual distance 

covered by a user, rather than relying on direct point-to-point estimations. 

 

The total journey distance may be computed as: 

 

    (3) 

 

where JD(u) represents the total journey distance for user u; vi denotes the venue at 

position i in the user's movement sequence; d((lat(vi), lon(vi)), (lat(vi+1), lon(vi+1))) 

represents the distance between two consecutive venues along the user’s route. 

 

This formula aggregates the distances between consecutive venues visited by the 

user (also denoted as visitor), providing an accurate representation of the actual 

travel distance rather than a straight-line approximation. 

 

By incorporating journey distance tracking, the venue management system may be 

able to evaluate travel efficiency, determine anomalies in visitor movement, and 

refine its congestion forecasting models.  This data may be further used to optimize 

venue allocation and recommend alternative routes to visitors in real time, enhancing 

overall venue capacity management. 
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The venue management system applies aggregation and process-layer formulas to 

assess real-time venue conditions, predict congestion levels, and optimize visitor 

distribution.  These calculations enable dynamic adjustments to venue allocations, 

queue management strategies, and access permissions.  The following models 

define venue utilization and visitor flow rate calculations, forming the foundation for 

predictive congestion control and operational efficiency. 

 

Venue capacity utilization may be a fundamental metric for assessing real-time 

occupancy levels within a given venue.  This metric enables the venue management 

system to dynamically determine congestion patterns and trigger corrective 

measures, such as redistributing visitor flow or implementing temporary access 

restrictions.  The utilization function may be expressed as follows: 

 

          (4) 

 

where U(v, t) represents the utilization ratio of venue v at time t; c(v, t) denotes the 

current number of visitors present at venue v at time t; and m(v) signifies the 

maximum visitor capacity of venue v. 

 

This function calculates the proportion of available capacity currently occupied at a 

venue.  When U(v, t) exceeds a predefined congestion threshold, the venue 

management system proactively intervenes by redirecting visitors to alternative 

venues with lower occupancy levels.  By continuously monitoring U(v, t), the venue 

management system may ensure optimal space utilization, preventing overcrowding 

and maintaining an efficient flow of visitors. 

 

The venue management system may measure visitor arrival and movement trends 

using a flow rate function, which quantifies the number of visitors entering a venue 

per unit of time.  This metric may be used for evaluating queue formation dynamics, 

optimizing throughput efficiency, and predicting potential bottlenecks.  The flow rate 

function may be expressed as: 

 

       (5) 
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where F(v, t) represents the visitor flow rate at venue v during time interval t, 

measured in users per minute; ts(u, v) denotes the timestamp at which user u 

entered venue v; and the denominator 5 represents a time window of exemplary five 

minutes, over which the visitor count may be aggregated. 

 

This function calculates the average number of visitors entering a venue over a 

predefined rolling time window.  By analysing F(v, t), the venue management system 

may determine peak visitor arrival periods, enabling proactive congestion mitigation 

strategies such as dynamic queue adjustments, staggered entry recommendations, 

and visitor redirection. 

 

By integrating these aggregation formulas, the venue management system may 

maintain real-time situational awareness, facilitating predictive congestion control 

and ensuring balanced visitor distribution across all available venues. 

 

The venue management system employs behavioural pattern recognition models to 

track user movement through venue sequences and assess venue throughput 

efficiency.  These models provide insights into visitor progression, enabling dynamic 

optimizations in routing, congestion management, and experience personalization. 

 

Journey progress time quantifies the duration taken by a visitor to reach a specific 

venue in a predefined sequence.  This metric may be used for monitoring user flow, 

predicting delays, and optimizing the recommended route based on real-time 

movement data.  The formula for journey progress time may be expressed as: 

 

        (6) 

 

where J(u, s) represents the total time elapsed for user u to reach venue vs at 

sequence position s, measured from the timestamp of the user's initial check-in at 

the first venue v1.  This function allows the venue management system to compare 

actual versus expected travel times between venues, detecting deviations that may 

indicate unexpected delays, congestion, or altered visitor behaviour.  If J(u, s) 

exceeds a predefined threshold, the venue management system can dynamically 

adjust venue recommendations, provide estimated arrival times, or optimize traffic 

distribution strategies. 
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Venue completion rate measures the proportion of visitors who have successfully 

checked into a specific venue within a given timeframe.  This metric may provide a 

real-time assessment of venue efficiency, allowing the venue management system to 

evaluate throughput performance and make adjustments to visitor flow.  The venue 

completion rate function may be given by: 

 

        (7) 

 

where C(v, t) represents the completion rate for venue v at time t, computed as the 

ratio of the number of users who have checked into venue v up to time t against the 

total number of active users within the system.  By analysing C(v, t), the venue 

management system can determine whether a venue may be processing visitors 

efficiently or experiencing delays due to congestion.  When the completion rate 

deviates from expected values, automated adjustments to queue assignments, 

access control, or visitor redirection may be triggered to maintain optimal throughput 

levels. 

These behavioural tracking models enable the venue management system to 

dynamically adapt to real-time visitor behaviour, improving overall venue flow 

efficiency and reducing bottlenecks through intelligent congestion forecasting and 

adaptive resource allocation. 

 

The venue management system employs user flow orchestration formulas to 

dynamically allocate visitors across venues, optimizing movement efficiency and 

preventing localized congestion.  These models ensure that venue recommendations 

and distribution strategies may be continuously refined based on real-time utilization 

metrics, historical trends, and predictive congestion forecasting. 

 

The next venue score function may determine the most suitable subsequent venue 

for a visitor based on a combination of priority ranking, real-time occupancy levels, 

proximity, and historical completion efficiency.  This function enables the venue 

management system to make data-driven recommendations, guiding visitors toward 

less congested venues while maintaining an optimal experience.  The next venue 

score may be calculated as: 

 

     (8) 
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where N(v1, v2, t) represents the computed recommendation score for directing a 

visitor from venue v1 to venue v2 at time t.  The term p(v2) denotes the assigned 

priority level of venue v2, factoring in attributes such as visitor preferences, event 

schedules, and operational considerations.  The function may incorporate U(v2, t), 

the real-time utilization ratio of venue v2, ensuring that highly congested venues 

receive lower recommendation scores.  The distance function d(v1, v2) acts as an 

inverse weighting factor, reducing the likelihood of recommending venues that 

require extensive travel.  Lastly, C(v2, t) represents the venue completion rate, 

accounting for throughput efficiency and the ability of the venue to accommodate 

additional visitors.  By optimizing N(v1, v2, t), the venue management system may 

ensure that visitors may be dynamically distributed across venues in a way that 

minimizes congestion while maintaining user engagement. 

 

To prevent overcrowding and ensure balanced venue utilization, the venue 

management system continuously calculates a load distribution factor, which 

assesses whether a venue may be approaching its operational capacity.  This 

function allows for proactive visitor redistribution before congestion occurs.  The load 

distribution factor may be determined as: 

 

       (9) 

 

where L(v, t) represents the computed load distribution factor for venue v at time t.  

The numerator evaluates the number of visitors who have entered venue v within 

exemplary the past 15-minute window, providing a rolling measure of recent 

occupancy levels.  The denominator multiplies the venue’s maximum capacity m(v) 

by a predefined utilization threshold of 0.8, ensuring that venues operate below their 

absolute capacity to maintain smooth visitor flow.  When L(v, t) falls below a 

predefined threshold, the venue management system initiates visitor redirection 

strategies, adjusting venue recommendations and queue allocations to balance 

overall demand. 

 

These flow orchestration models enable the venue management system to 

proactively manage venue allocations, ensuring that visitor movement remains 

optimized across all operational spaces.  By integrating real-time utilization metrics, 

historical venue performance, and predictive congestion algorithms, the venue 
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management system dynamically adapts its recommendations, preventing localized 

overcrowding and enhancing the overall visitor experience. 

 

The venue management system integrates engagement and performance metrics to 

assess visitor behaviour, optimize movement efficiency, and incentivize timely 

transitions between venues.  These models quantify visitor journey completion in 

terms of engagement value points and apply a time efficiency multiplier to encourage 

optimal pacing.  By analysing user performance within predefined sequences, the 

venue management system dynamically adjusts recommendations and rewards 

efficient visitor behaviour. 

 

The sequence completion value function assigns a numerical score to a visitor upon 

reaching a venue in a predefined sequence.  This score reflects the efficiency of the 

transition from the previous venue and may account for engagement metrics that 

contribute to the overall visitor experience.  The function may be defined as follows: 

 

     (10) 

 

where V(u, s) represents the accumulated value points assigned to user u upon 

completing venue vs at sequence position s.  The term b denotes the base value 

points, which provide a fixed contribution to the score.  The time multiplier function 

k() evaluates the time taken between two consecutive venue visits, adjusting the 

score based on whether the visitor’s pacing aligns with the system’s predefined 

optimal intervals.  The engagement factor e(u) may account for additional visitor 

interactions, such as participation in activities or extended time spent at the venue. 

 

This function may ensure that visitors who maintain an optimal pace and engage 

meaningfully with venues receive higher completion scores.  If a visitor takes 

significantly longer than expected to transition between venues, their completion 

value may be reduced, preventing inefficiencies in venue-to-venue movement.  The 

venue management system continuously monitors V(u,s) to refine visitor 

recommendations and optimize venue distribution strategies. 

 

The time efficiency multiplier function adjusts the sequence completion value based 

on how closely a visitor’s transition time aligns with the optimal pacing interval.  This 

function may ensure that visitors may be encouraged to move efficiently while 
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allowing flexibility for variations in individual behaviour.  The function may be defined 

as: 

 

       (11) 

 

where k(Δt) represents the time efficiency multiplier applied to a visitor’s sequence 

completion score.  The term Δt denotes the actual time elapsed between two 

consecutive venue visits, while target_interval represents the system-defined optimal 

transition time.  The multiplier may be capped at a minimum value of 0.5, ensuring 

that visitors may be not excessively penalized for minor delays. 

 

This function rewards visitors who transition between venues within the expected 

timeframe while providing a gradual reduction in score for those who deviate.  If a 

visitor’s transition time significantly exceeds the target interval, the multiplier 

approaches its lower bound, minimizing the impact of the visit on their overall 

sequence completion score.  Conversely, if a visitor completes a transition efficiently, 

the multiplier remains high, reinforcing optimal pacing. 

 

By incorporating these visitor engagement metrics, the venue management system 

dynamically adapts its venue recommendations, incentivizes structured visitor 

movement, and may ensure a balanced distribution of visitors across venues.  These 

models enhance the overall visitor experience by aligning user behaviour with 

optimal pacing strategies, promoting both engagement and efficient venue utilization. 

 

The venue management system employs resource optimization models to 

dynamically adjust venue capacity limits and guide the allocation of resources across 

multiple venues.  These formulas ensure that visitor distribution remains balanced, 

preventing overcrowding while maintaining throughput efficiency.  By continuously 

analysing real-time flow rates, venue utilization, and historical performance, the 

venue management system adapts resource deployment strategies to optimize 

operational conditions. 

 

The venue priority score function may determine the relative importance of allocating 

resources, such as staff, additional access lanes, or operational adjustments, to a 

specific venue at a given time.  This function enables dynamic resource distribution 

by integrating real-time visitor flow, venue congestion levels, and historical 

completion efficiency.  The priority score may be computed as follows: 
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        (12) 

 

where P(v, t) represents the priority score assigned to venue v at time t, calculated 

as the product of three key operational metrics.  The term F(v, t) denotes the real-

time visitor flow rate at venue v, providing insight into the number of visitors entering 

per minute.  The load distribution factor L(v, t) may account for recent visitor arrivals, 

ensuring that resource allocation favors venues experiencing surges in attendance.  

The completion rate C(v, t) quantifies how efficiently a venue processes visitors, 

ensuring that venues struggling with throughput delays receive higher priority. 

 

This function dynamically adjusts resource allocation by directing operational 

reinforcements, such as additional entry lanes or queue management measures, to 

venues where congestion risks may be highest.  When P(v, t) exceeds predefined 

thresholds, the venue management system proactively reallocates resources to 

ensure smooth visitor flow and prevent localized bottlenecks. 

 

To maintain operational flexibility and prevent sudden congestion spikes, the venue 

management system continuously adjusts venue capacity limits based on recent 

visitor activity.  The dynamic capacity threshold function adapts real-time access 

permissions, ensuring that venues operate within optimal utilization levels.  The 

formula for dynamic capacity adjustment may be given by: 

 

     (13) 

 

where T(v, t) represents the dynamically adjusted capacity threshold for venue v at 

time t, ensuring that the venue's maximum allowed occupancy may be modified in 

response to recent visitor activity.  The function evaluates visitor entries over a 30-

minute reference window, adjusting the venue’s operational limit accordingly.  The 

minimum function may ensure that capacity constraints do not exceed 120% of the 

predefined maximum capacity, providing adaptive control over congestion risks. 

 

This model enables the venue management system to dynamically modify entry 

permissions based on real-time occupancy trends.  When recent visitor influxes 

approach critical levels, the venue management system automatically reduces the 
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available capacity, preventing excessive congestion.  Conversely, when visitor flow 

declines, the function increases capacity thresholds, allowing additional visitors to 

enter without operational disruptions. 

 

By incorporating these resource optimization models, the venue management 

system may ensure that visitor distribution remains balanced while minimizing the 

likelihood of excessive congestion.  The dynamic nature of these calculations allows 

the venue management system to proactively respond to real-time fluctuations, 

enhancing both visitor experience and venue efficiency. 

 

The venue management system may incorporate journey analytics models to 

evaluate visitor movement speed, predict transit times between venues, and forecast 

future visitor arrivals.  These models allow for proactive congestion management, 

enabling real-time adjustments to queue structures, venue recommendations, and 

resource allocation.  By continuously analysing visitor movement data, the venue 

management system may ensure that journey predictions remain accurate and 

adaptable to changing conditions. 

 

Journey speed analysis may determine the actual movement speed of a visitor as 

they navigate through a sequence of venues.  This metric enables the venue 

management system to assess whether visitors may be progressing at expected 

rates, identify deviations from anticipated movement patterns, and adjust venue 

recommendations accordingly.  The formula for journey speed may be given by: 

 

         (14) 

 

where JS(u) represents the average journey speed for user u, calculated as the total 

journey distance JD(u) divided by the total time taken to travel between the first 

venue v1 and the last completed venue vn.  This function may provide insight into 

real-time visitor movement behaviour, allowing the venue management system to 

determine anomalies such as unexpected delays, route deviations, or congestion-

induced slowdowns. 

 

By continuously monitoring JS(u), the venue management system can dynamically 

adjust visitor recommendations.  If a visitor may be moving significantly slower than 
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expected, alternative venue suggestions can be provided, or congestion alerts can 

be issued to improve flow distribution. 

 

The expected transit time function estimates the time required for a visitor to travel 

between two venues based on historical movement data and real-time positioning.  

This calculation enables the venue management system to forecast visitor arrival 

times, optimize queue management, and anticipate congestion at specific venues.  

The expected transit time may be computed as: 

 

      (15) 

 

where ETT(v1, v2) represents the predicted travel duration between venue v1 and 

venue v2.  The numerator calculates the distance between the two venues using 

geospatial coordinates, while the denominator s(u) represents the visitor’s average 

movement speed. 

 

By leveraging ETT(v1, v2), the venue management system dynamically predicts 

arrival times at future venues, allowing for proactive congestion forecasting.  If transit 

times deviate significantly from expected values, adjustments to venue allocation 

strategies can be made in real time to balance visitor distribution more effectively. 

 

Flow prediction models may estimate the number of visitors expected to arrive at a 

given venue within a predefined time window.  This function enables the venue 

management system to anticipate crowd formation, allocate resources accordingly, 

and optimize venue entry rates.  The predictive model for future visitor arrivals may 

be given by: 

 

      (16) 

 

where FP(v, t) represents the predicted flow rate of visitors arriving at venue v at 

time t.  The numerator sums all visitors u currently located at various venues, whose 

estimated transit time ETT(current(u), v) may be less than or equal to t.  The 

denominator δt defines the prediction time window over which the arrival rate may be 

estimated. 
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This function allows the venue management system to adjust access control 

measures, modify queue configurations, and dynamically recommend alternative 

venues based on anticipated congestion levels.  By leveraging predictive analytics, 

the venue management system may ensure that visitor distribution remains balanced 

and congestion may be mitigated before it occurs. 

 

Through the integration of journey analytics, the venue management system 

continuously refines its congestion management strategies, dynamically adjusting 

recommendations based on real-time visitor movement data.  These models 

enhance operational efficiency, improve visitor experience, and enable proactive 

decision-making in high-traffic environments. 

 

The venue management system employs engagement effectiveness models to 

evaluate the impact of dynamic visitor flow adjustments, targeted engagement 

strategies, and redistribution mechanisms.  These models quantify the disparity in 

venue utilization, assess the effectiveness of engagement-driven visitor movement, 

and measure the overall success of rebalancing strategies.  By integrating these 

analytical functions, the venue management system may ensure that visitor 

distribution remains optimized, congestion may be mitigated, and engagement 

mechanisms effectively influence movement patterns. 

 

The flow balance index measures the relative difference in utilization levels between 

two venues, quantifying the degree of imbalance in visitor distribution.  This metric 

allows the venue management system to determine potential congestion risks and 

trigger rebalancing interventions when necessary.  The flow balance index may be 

calculated as: 

 

      (17) 

where FBI(v1, v2, t) represents the disparity in utilization between venues v1 and v2 at 

time t.  The function may compute the difference between the utilization ratios U(v1, 

t) and U(v2, t), normalizing the result by dividing it by the maximum utilization value 

between the two venues. 

 

A high FBI(v1, v2, t) value indicates significant overcrowding at one venue compared 

to another, triggering visitor redistribution mechanisms.  When the index exceeds 
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predefined thresholds, automated engagement strategies may be deployed to 

encourage visitors to relocate to less congested venues, reducing localized 

congestion and optimizing venue occupancy. 

 

The engagement response rate function quantifies the effectiveness of system-

driven engagement mechanisms in influencing visitor movement.  This metric 

evaluates how successfully targeted interventions, such as digital signage 

recommendations, mobile app notifications, or queue adjustments, result in actual 

user transitions between venues.  The engagement response rate may be given by: 

 

     (18) 

 

where ERR(v1, v2,t) represents the proportion of engaged users at venue v1 who 

subsequently moved to venue v2 within the specified time frame.  The numerator 

counts the number of users who transitioned from v1 to v2, while the denominator 

represents the total number of visitors who received engagement prompts at v1. 

 

This function serves as a key performance indicator for system-driven engagement 

strategies.  A high ERR(v1, v2, t) value signifies that engagement efforts may be 

effectively guiding visitor flow, whereas a low value may indicate the need for 

alternative messaging, additional incentives, or revised congestion mitigation 

strategies. 

 

The rebalancing effectiveness function evaluates the overall impact of visitor 

redistribution strategies in correcting venue utilization imbalances.  This function 

aggregates engagement response rates across multiple venue pairs where a 

significant disparity in utilization exists.  The effectiveness of system-driven 

rebalancing may be computed as: 

 

  (19) 

 

where RE(t) represents the total effectiveness of visitor redistribution at time t.  The 

summation iterates over all venue pairs where the flow balance index exceeds 0.2, 

indicating a notable imbalance in utilization.  Each term in the sum multiplies the 
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engagement response rate ERR(v1, v2, t) by the absolute utilization difference 

between venues, quantifying the degree to which visitor redistribution has corrected 

congestion disparities. 

 

A high RE(t) value signifies that system-driven interventions may be successfully 

balancing visitor flow, reducing congestion at over-utilized venues while directing 

visitors to underutilized areas.  Conversely, a low value may indicate that 

rebalancing mechanisms require optimization, such as adjusting engagement 

strategies or refining venue recommendations. 

 

Through the integration of engagement effectiveness models, the venue 

management system may ensure that congestion mitigation efforts may be data-

driven, dynamically adapting to real-time conditions.  These functions provide 

continuous feedback, enabling iterative improvements in visitor distribution strategies 

and optimizing the overall experience within the venue network. 

 

The venue management system employs mass distribution optimization models to 

ensure that visitors may be evenly distributed across venues, preventing congestion 

while maintaining high operational efficiency.  These models establish an optimal 

baseline distribution for users throughout the day, dynamically adjust venue capacity 

per time slot, balance group sizes, and optimize load balancing across venue zones.  

By implementing these strategies, the venue management system may maintain 

smooth visitor flow, reducing bottlenecks and optimizing throughput. 

 

The optimal user distribution function establishes a baseline target for the number of 

visitors that should be processed per time slot to ensure an even flow of visitors 

across the venue system.  This model may account for the total number of users and 

available operating hours, ensuring that visitor distribution remains stable throughout 

the day.  The function may be defined as: 

 

        (20) 

 

where D(t) represents the target number of visitors per time slot, N may be the total 

number of active visitors within the system, and operating_hours denotes the total 

duration for which the venue network may be operational each day.  The 
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denominator normalizes the available time slots by dividing each hour into segments 

of length τ, which represents the defined time slot duration. 

 

This function may ensure that visitor flow remains evenly distributed throughout the 

operational hours.  By maintaining a stable per-slot distribution, the venue 

management system prevents excessive crowding at peak times while optimizing 

visitor movement efficiency. 

 

The time slot capacity function calculates the maximum number of visitors a venue 

can process within a single time slot based on its maximum capacity and the 

average duration visitors spend at the venue.  This function may ensure that 

throughput constraints may be dynamically accounted for, preventing operational 

bottlenecks.  The time slot capacity may be computed as: 

 

       (21) 

 

where TC(v, t) represents the number of visitors that venue v can handle per time 

slot, m(v) may be the maximum visitor capacity of the venue, and avg_duration(v) 

denotes the average time a visitor spends at venue v.  The fraction τ/avg_duration(v) 

scales the venue capacity by the proportion of time slot duration τ relative to the 

average visit duration. 

 

This function may ensure that venue utilization remains optimal by aligning time slot 

allocations with actual visitor processing capabilities.  If visitor processing times 

fluctuate, the venue management system dynamically adjusts time slot capacities, 

improving efficiency and preventing excessive queue build-up. 

 

To maintain balance in visitor distribution, the venue management system may 

optimize group sizes by adjusting the number of parallel visitor groups that can be 

accommodated within the available venue network.  The group size optimization 

function may be given by: 

 

        (22) 
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where G(t) represents the optimal number of parallel visitor groups, N may be the 

total number of visitors, and Nt may be the total number of available time slots.  The 

function evaluates two constraints: the number of groups that can be formed based 

on total visitor count and available time slots, and the number of groups that can be 

accommodated based on the aggregated time slot capacity of all venues divided by 

X, the total number of venues in the sequence.  The venue management system 

selects the minimum of these two constraints to ensure that visitor groups remain 

balanced while optimizing resource utilization. 

 

By optimizing group sizes dynamically, the venue management system may ensure 

that visitors may be evenly distributed across available venues, preventing 

overloading of specific areas while maximizing throughput efficiency. 

 

The zone load balance function evaluates the distribution of visitors across multiple 

venues within a designated zone, ensuring that overall utilization remains within 

optimal limits.  This function helps prevent overloading of specific venue clusters 

while maintaining smooth visitor flow.  The zone load balance score may be 

computed as: 

 

      (23) 

 

where ZB(z, t) represents the zone balance score for zone z at time t.  The 

numerator aggregates the utilization ratios U(v, t) of all venues within the zone, 

normalizing by the total number of venues ∣z∣.  The function then evaluates the 

absolute deviation from the predefined target utilization, typically set at 0.7 to ensure 

that venues remain well-utilized without excessive crowding. 

 

A high ZB(z, t) score indicates that visitor distribution within the zone may be well-

balanced, while a low score suggests the presence of congestion hotspots or 

underutilized venues.  If the zone balance score falls below a threshold, the venue 

management system dynamically adjusts visitor flow recommendations, queue 

assignments, and access permissions to redistribute visitors more evenly across the 

zone. 

 

By incorporating these mass distribution optimization models, the venue 

management system may maintain a structured and efficient flow of visitors across 
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all operational venues.  These calculations ensure that visitor density remains 

balanced, preventing bottlenecks while maximizing throughput efficiency across the 

entire venue network. 

 

The global optimization score may be a comprehensive performance metric that 

evaluates the overall efficiency of visitor distribution, congestion prevention, and 

venue capacity management across the entire system.  This function combines 

multiple sub-metrics that assess system-wide balance, crowding control, and venue 

throughput, providing a holistic assessment of how effectively visitors may be 

allocated across available venues.  The formula for the global optimization score 

may be given as: 

 

       (24) 

 

where GOS(t) represents the global optimization score at time t, computed as the 

product of the venue management system distribution score SDS(t), the crowding 

prevention score CPS(t), and the average maximum flow MF(v, t) across all venues, 

normalized by the total number of active users N. 

 

The venue management system distribution score SDS(t) quantifies how evenly 

visitors may be spread across different zones, ensuring that congestion may be 

minimized while maintaining balanced venue utilization.  This score may be 

computed as: 

 

       (25) 

 

where B(t) represents the overall balance score for the venue management system 

at time t, and ZB(z, t) may be the zone balance score for each zone z within the 

venue network.  The product operator aggregates the zone balance scores, and the 

result may be normalized by taking the root of the total number of zones, ensuring 

that the distribution metric remains scale-invariant across different venue 

configurations.  A higher SDS(t) value indicates a well-balanced system with even 

visitor distribution across all zones, while a lower value suggests localized 

congestion or underutilized areas. 
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The crowding prevention score CPS(t) evaluates the system’s ability to prevent 

excessive congestion by ensuring that no single venue exceeds its operational 

capacity.  This function may be defined as: 

 

      (26) 

 

where max(U(v, t)) represents the highest utilization ratio among all venues.  The 

function scales this value using a factor of 2 to amplify congestion effects while 

capping the score at a maximum of 1.0.  A high CPS(t) value indicates that no venue 

may be severely overcrowded, whereas a low value signals the presence of 

congestion hotspots that require intervention. 

 

The maximum flow function MF(v, t) calculates the effective visitor processing 

capacity for each venue, accounting for real-time congestion effects and system 

balance.  This function may be given as: 

 

     (27) 

 

where TC(v, t) may be the time slot capacity of venue v, ω may be a congestion 

weight factor (typically set to 0.7), and the term (1−ω×(c(v, t)/m(v)))2 penalizes 

venues with excessive crowding by reducing their effective capacity.  The function 

also may incorporate B(t), the system-wide balance score, ensuring that venue 

throughput may be adjusted dynamically based on overall system equilibrium. 

 

By integrating these sub-metrics, the global optimization score may provide a 

comprehensive assessment of system performance, balancing venue utilization, 

congestion prevention, and visitor throughput efficiency.  A high GOS(t) value 

signifies an optimally functioning system with evenly distributed visitors, minimal 

congestion risks, and maximized venue processing capacity.  If GOS(t) falls below 

predefined thresholds, the venue management system dynamically adjusts venue 

recommendations, queue management strategies, and resource allocations to 

restore optimal flow conditions.  Through continuous monitoring and real-time 

optimization, this function may ensure that visitor experiences remain smooth while 

maximizing venue efficiency. 
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The venue management system may operate within structured time intervals to 

maintain visitor tracking accuracy, optimize flow prediction, and enhance congestion 

forecasting. The calculation interval may be configured at five-minute intervals, 

allowing a balance between computational efficiency and real-time responsiveness. 

Slot durations for venue management may be set at fifteen-minute increments, 

aligning visitor entry coordination with allocation schedules. Location updates may 

be recorded every minute, ensuring continuous real-time positioning accuracy. 

Historical visitor data may be retained for a rolling sixty-minute window, providing a 

sufficient reference period for predictive analytics. Forecasting visitor movement may 

be performed within a thirty-minute projection window, enabling proactive congestion 

mitigation. Journey analytics calculations may be refreshed on an hourly basis, 

tracking long-term visitor movement trends. Flow prediction updates may occur 

every three minutes, allowing the venue management system to dynamically adjust 

queue structures and venue recommendations. 

 

Geospatial calculations may be processed with a coordinate precision of six decimal 

places, ensuring high accuracy in venue and visitor location tracking. Speed 

calculations may be based on a rolling five-minute window, capturing short-term 

movement patterns. Visitor movement constraints may include a maximum speed 

threshold of 120 meters per minute to prevent unrealistic travel time estimates and 

location anomalies. A minimum speed threshold of 10 meters per minute may be 

applied to identify unusually slow movement, which may indicate congestion or 

stalled visitor progress. If a visitor’s computed journey speed exceeds the maximum 

threshold, the venue management system may flag the journey as invalid. If journey 

speed falls below the minimum threshold, it may be marked as a suspicious pattern, 

prompting further analysis. Commonly used routes may be cached daily to improve 

computational efficiency and reduce repeated distance calculations. 

 

The venue management system may operate within a venue utilization target of 70% 

±10%, ensuring that venues remain optimally occupied while preventing excessive 

congestion. The maximum allowable zone imbalance may be limited to 15%, 

preventing major disparities in visitor distribution across venue clusters. The venue 

balance score may be set at a minimum threshold of 0.8, ensuring that visitor loads 

remain evenly distributed. Queue times may be capped at a maximum of twenty 

minutes per venue, preventing excessive wait times. Minimum venue completion 

rates may be maintained at 85%, ensuring that visitors complete their venue 

experience within a reasonable duration. The engagement response rate may be 
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targeted at a minimum of 15%, ensuring that engagement strategies effectively 

influence visitor movement. The flow balance index may be maintained at a 

maximum of 0.3, ensuring that venue utilization disparities remain within acceptable 

limits. The rebalancing effectiveness score may be set at a threshold above 0.5, 

demonstrating the system’s ability to correct congestion imbalances. A minimum 

dynamic engagement score of 0.4 may be required to trigger engagement-based 

flow adjustments. The engagement impact threshold may be set above 0.1 to 

validate engagement-driven visitor redirection strategies. 

 

Venue capacity adjustments may be performed within ±15% of predefined maximum 

capacity limits, ensuring stability in visitor management operations. The venue 

management system may maintain a minimum flow rate of 20% of the maximum 

allowable rate, preventing underutilization of venues. The maximum allowable group 

size per batch may be limited to 1000 users, with a variance allowance of 20% to 

maintain balanced visitor flow. The minimum sequence completion rate may be set 

at 85%, ensuring that visitors complete the majority of their planned journey. Transit 

time deviations may be controlled within ±30% of expected durations, maintaining 

prediction accuracy. The system may allow a maximum of three rebalancing 

attempts per hour, preventing excessive adjustments that could disrupt visitor 

experiences. 

 

Emergency redistribution may be triggered if the venue balance score falls below 

0.7, indicating a significant disparity in visitor distribution. Flow restrictions may be 

applied if venue utilization exceeds 85%, preventing overcrowding. Zone rebalancing 

may be initiated if the zone balance score falls below 0.6, ensuring that visitor 

distribution remains even. System-wide adjustments may be activated if the global 

optimization score falls below 0.7, indicating inefficiencies in venue management. 

Emergency rebalancing may be triggered if the flow balance index exceeds 0.4, 

signaling excessive congestion in specific venues. Engagement strategies may be 

adjusted if the engagement response rate falls below 0.1, indicating that visitor 

engagement mechanisms require optimization. Flow adjustments may be performed 

if predicted visitor flow exceeds 90% of a venue’s time slot capacity, preventing 

overloading. Engagement strategies may be reviewed if the engagement impact 

threshold falls below zero, indicating ineffective visitor guidance interventions. 

All timestamps may be stored in Unix format, ensuring compatibility with real-time 

processing systems. Distance calculations may be cached daily, reducing 

computational load for frequently queried venue pairs. Route optimization may be 
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executed using the A* algorithm, ensuring efficient pathfinding across large venue 

networks. Load balancing operations may be performed at five-minute intervals, 

ensuring continuous visitor flow adjustments. Score updates for venue prioritization 

and optimization may be computed every five minutes, ensuring that 

recommendations remain up to date. Cache refresh intervals may be set at fifteen-

minute intervals, preventing outdated data from influencing real-time decisions. 

Location tracking may be performed in real time, ensuring continuous updates on 

visitor movement. Journey analytics calculations may be recalculated hourly, refining 

long-term movement predictions. Engagement metrics may be updated every five 

minutes, ensuring that visitor interaction data remains current. Flow predictions may 

be recalculated every three minutes, ensuring that congestion forecasts remain 

dynamic and responsive. 

 

Different distance calculation models may be applied depending on the available 

transit infrastructure. For mass rapid transit systems, distances may be measured 

based on station counts, ensuring realistic travel time estimations. Geographical 

distances between venues may be computed using the Haversine formula, providing 

accurate great-circle distance calculations. Road distances may be derived from 

cached routing data, enabling fast lookups without requiring real-time pathfinding 

computations. All distance values may be normalized to a 0-1 scale, ensuring 

consistency across different measurement methods and facilitating effective 

comparisons within predictive models. 

 

These operational parameters, constraints, and optimization strategies may define 

the structure of the venue management system, ensuring efficient visitor distribution 

and congestion management across high-traffic venues. 

 

The cross-venue coordination system 104 may operate using structured 

mathematical models that define visitor flow optimization, venue prioritization, and 

contextual adaptation strategies. These models may integrate historical performance 

data, real-time visitor behaviour, and environmental conditions to dynamically adjust 

venue allocations and engagement strategies. The venue management system may 

rely on global variables to track visitor presence, venue utilization, and contextual 

influences affecting visitor movement and resource allocation decisions. 

Core global variables may include timestamps, venue identifiers, and user identifiers. 

Venue capacity may be tracked using a parameter representing the current number 

of visitors in a venue and a predefined maximum capacity value. Visitor progress 



 
 
 

56 
 

within the venue system may be represented by a sequence position identifier, 

tracking their current stage in the visitor journey. The system may maintain 

timestamp records for visitor check-ins at specific venues, allowing for precise 

tracking of visitor allocations. The total number of active venues and visitors may be 

continuously monitored to ensure effective venue sequencing and distribution 

management. 

 

Additional dynamic variables may influence venue prioritization and visitor flow. A 

sequence-based setup score may determine a venue’s suitability within a visitor 

journey, incorporating historical performance data and sequencing logic. A time-

based variation score may adjust venue allocations based on peak hours, seasonal 

effects, and historical time-slot performance. An environmental setup score may 

account for external factors such as weather conditions, facility availability, and 

visitor preferences. A contextual rules impact score may quantify the effect of 

predefined operational constraints, ensuring compliance with venue-specific policies. 

A priming effectiveness score may evaluate how well a venue aligns with user 

expectations and engagement mechanisms, improving visitor flow coordination and 

experience optimization. 

 

The sequence-based setup score may determine the suitability of a venue within the 

broader visitor journey.  This score considers a venue’s relative position in the 

sequence, its historical success rate, and its ability to accommodate current demand.  

The function may be given by: 

 

 (29) 

where w1, w2, w3 may be weight factors that adjust the relative importance of each 

component.  The sequence position function normalizes the venue’s placement in 

the visitor journey within a 0 to 1 scale.  The historical success rate evaluates past 

performance metrics, analysing how well the venue has facilitated visitor flow at a 

given time t.  The capacity fit function measures how well the current visitor load 

aligns with venue constraints, ensuring that venues remain optimally utilized without 

overcrowding. 

 

The time-based variation score may account for fluctuations in visitor behaviour 

caused by peak hours, seasonal trends, and past performance during specific time 

slots.  The function may be expressed as: 
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 (30) 

where the peak factor function adjusts for peak-hour congestion by scaling between 

0.5 and 2.0, increasing venue priority during busy hours.  The seasonal factor 

multiplier may modify venue scores based on seasonal trends, accounting for 

changes in visitor volume across different times of the year.  The time-slot 

performance function evaluates past visitor flow patterns for venue v at time t, 

ensuring that recommendations align with established traffic trends. 

 

The environmental setup impact score assesses how external conditions affect 

visitor behaviour and venue performance.  The function may be defined as: 

 

 (31) 

 

where the base setup function represents a venue’s default environmental score, 

reflecting infrastructure readiness and suitability.  The environmental modifier 

function scales this score based on real-time external conditions, such as weather 

patterns or maintenance schedules.  The context match function evaluates how well 

the venue aligns with visitor expectations, ensuring that engagement strategies 

remain relevant. 

 

The priming effectiveness score consolidates multiple venue assessment metrics to 

determine how well a venue aligns with system-driven visitor recommendations.  

This function integrates the sequence-based setup score, time-based variation 

score, and environmental setup score, adjusting them based on operational 

constraints.  The calculation may be given as: 

 

     (32) 

where CR(v, t) represents the contextual rules compliance score, ensuring that 

venue recommendations adhere to predefined operational and regulatory 

constraints.  This function enables the venue management system to refine visitor 

flow predictions by aligning venue priorities with both historical performance and 

real-time conditions. 

 

The user flow orchestration function further refines venue allocation strategies by 

integrating priming effectiveness with real-time congestion management factors.  

The function may be expressed as: 
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   (33) 

 

where the load balancing function dynamically distributes visitor flow across venues 

to prevent congestion hotspots.  The journey progress function tracks user 

movement efficiency, adjusting venue recommendations based on real-time visitor 

movement patterns.  This combined function enables the venue management 

system to optimize user experience while ensuring that venues remain evenly 

utilized. 

 

Through these core mathematical models, the cross venue system 104 continuously 

adapts to visitor behaviour, environmental factors, and operational constraints, 

ensuring that venue allocations remain optimized in real time.  By integrating 

historical performance metrics, predictive congestion analysis, and contextual 

awareness, the venue management system dynamically orchestrates visitor 

movement, improving both efficiency and engagement across a multi-venue network. 

 

The venue management system 100 may operate within predefined update intervals 

to maintain real-time performance and ensure continuous adaptation to visitor 

movement patterns. The priming engine may execute updates every five minutes, 

recalibrating venue recommendations based on visitor behaviour and environmental 

conditions. Sequence evaluations may be conducted at fifteen-minute intervals, 

assessing the effectiveness of visitor transitions across venues. Environmental 

factors may be refreshed every ten minutes, allowing the system to adjust for 

external influences such as weather conditions and facility availability. Contextual 

rules may be reviewed every three minutes, ensuring that venue allocations remain 

aligned with operational policies. Flow orchestration updates may occur every two 

minutes, dynamically adjusting visitor movement strategies in response to real-time 

congestion data. 

 

The venue management system 100 may maintain strict performance benchmarks to 

optimize visitor engagement and operational efficiency. The priming success rate 

may remain above 85%, ensuring that venue recommendations effectively guide 

visitors while maintaining balanced occupancy levels. User flow efficiency may be 

targeted at 90%, allowing for optimal visitor distribution across multiple venues. 

System response times may remain below two seconds, ensuring real-time 

adjustments without noticeable delays. Journey completion rates may exceed 95%, 
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indicating that visitors successfully complete their planned venue sequences without 

disruption. Cross-venue transition accuracy may remain above 92%, confirming that 

predictive movement models align with actual visitor behaviour. 

 

Operational constraints may be enforced to maintain system stability and 

performance. Venue capacity deviations may be restricted to ±10%, preventing 

excessive fluctuations in occupancy levels. The minimum allowable visitor flow rate 

may be set at 30% of the maximum capacity, ensuring that venues remain 

sufficiently utilized. The system may permit a maximum of 100 concurrent priming 

operations, preventing excessive resource consumption. Rule processing times may 

remain under 500 milliseconds, ensuring that contextual adjustments occur in near 

real-time. System availability may be maintained at a minimum of 99.9%, preventing 

extended operational downtime. 

 

Automated adjustments to venue prioritization and visitor flow strategies may be 

governed by core system logic. Emergency rebalancing may be triggered if the 

priming effectiveness score drops below 0.6, indicating that venue recommendations 

are not effectively guiding visitor movement. Sequence adjustments may be initiated 

if the sequence-based setup score falls below 0.7, ensuring that visitor transitions 

between venues remain optimized. Environmental setups may be recalibrated if the 

environmental setup score drops below 0.65, adapting venue recommendations 

based on weather changes and unexpected constraints. Time-based variations may 

be modified if the time-based variation score falls below 0.75, enabling dynamic 

adaptation to peak hours and seasonal fluctuations. Contextual rules may be 

reconfigured if the contextual rules compliance score drops below 0.8, ensuring that 

venue assignments adhere to policy constraints and operational guidelines. 

 

The venue management system may maintain continuous monitoring of the priming 

engine, analysing visitor movement data and adjusting recommendations 

accordingly. Flow optimization mechanisms may balance visitor distribution across 

venues, dynamically redirecting visitors as needed. Dynamic rule adaptation may 

allow the system to refine contextual decision-making based on evolving visitor 

behaviour. Automated sequence optimization may ensure that venue sequences 

adjust dynamically to improve visitor experience and reduce congestion. 

Environmental feedback integration may enable external factors such as weather 

conditions and real-time venue status to influence visitor allocation strategies. 
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System effectiveness may be measured using key performance indicators. The 

overall effectiveness of the system may be evaluated through the average priming 

effectiveness score across all venues. Flow orchestration efficiency may be 

assessed based on the stability of the user flow orchestration score, ensuring that 

visitor movement strategies remain optimized. Setup optimization may be 

determined by aggregating the sequence-based setup score, the time-based 

variation score, and the environmental setup score, providing a comprehensive 

measure of venue prioritization performance. Rule enforcement effectiveness may 

be monitored through the contextual rules compliance score, confirming that all 

venue assignments comply with predefined policies. User journey completion rates 

may be analysed to validate the percentage of visitors who successfully complete 

their planned venue transitions. 

 

System performance may be continuously tracked through various monitoring 

mechanisms. Component response times may be analysed to ensure that individual 

subsystems operate within the required time constraints. Rule processing efficiency 

may be measured by tracking execution times for contextual adjustments. Setup 

adaptation speed may be evaluated to determine how quickly venue allocations 

respond to environmental and visitor behaviour changes. Flow balance maintenance 

may confirm that venue utilization remains evenly distributed, preventing congestion 

at high-traffic locations. The overall system optimization level may be assessed 

through a combination of real-time visitor movement patterns, congestion forecasting 

accuracy, and engagement effectiveness. 

 

The venue management system may process structured venue data from multiple 

sensors, continuously updating real-time occupancy metrics and operational status. 

Sensor data may be transmitted to the venue rating system, where it is analysed to 

determine visitor flow patterns, congestion risks, and venue performance. Update 

frequency may be configured as real-time or near real-time, ensuring that the latest 

occupancy and operational metrics remain available for decision-making. 

 

Each venue may be uniquely identified using a venue ID, allowing for precise 

tracking and analysis. Latitude and longitude coordinates may define the venue’s 

geographic location, enabling accurate spatial mapping and distance calculations. 

The current venue capacity may be recorded as the number of visitors present at a 

given time, while the maximum capacity may provide a reference threshold for 

congestion management. Queue length measurements may track the number of 
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visitors waiting to enter the venue, allowing for real-time delay estimation and queue 

management. The system may also record the average processing time per visitor at 

each venue, reflecting the typical time required for a visitor to complete their 

experience. Venue status indicators may classify venues as open, closed, full, or 

under maintenance. A last-updated timestamp may ensure data freshness, 

distinguishing between live and outdated records. 

 

Derived data metrics enhance venue analytics by computing key performance 

indicators based on real-time visitor movement.  The utilization rate measures venue 

congestion and may be calculated as: 

 

          (34) 

 

where U(v, t) represents the proportion of available capacity currently occupied at 

venue v at time t.  Flow rate quantifies the number of visitors entering a venue within 

a five-minute window, calculated as: 

 

       (35) 

 

where F(v, t) may be the visitor flow rate, and ts(u, v) represents the timestamp of 

visitor u at venue v.  The venue completion rate indicates the proportion of users 

who have completed their experience at a venue and may be expressed as: 

 

       (36) 

 

where C(v, t) measures how efficiently visitors move through the venue.  To 

determine the time slot capacity, the venue management system computes: 

 

      (37) 
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where TC(v, t) represents the number of users the venue can handle per time slot, 

based on the available maximum capacity and the average time each visitor spends 

at the venue. 

 

The venue management system may continuously process real-time user movement 

data, captured through streaming data sources and transmitted to the flow tracking 

system 106.  This data originates from multi-sensor components and updates in real 

time to ensure accurate tracking of visitor movement, activity states, and journey 

progress. 

 

Each user may be uniquely identified by a user ID u, allowing for tracking individual 

movements across multiple venues.  The timestamp t records the exact time of data 

capture.  The user’s latitude and longitude coordinates, lat(u,t) and lon(u,t), define 

their precise location.  The venue ID v maps the user to the venue they may be 

currently visiting, ensuring real-time monitoring of venue occupancy.  Additionally, 

the venue management system tracks user activity, such as waiting in line, 

transitioning between venues, or engaging in specific venue-related actions. 

 

Derived data calculations further refine user behaviour analytics.  The user speed 

may be computed using sequential location updates as: 

 

   (38) 

 

where s(u) represents the visitor’s movement speed, measured as the ratio of 

distance travelled to the time elapsed between two location updates.  The total 

distance travelled by a visitor may be determined as: 

 

    (39) 

 

where JD(u) may be the cumulative journey distance for visitor u, summing the 

distances between consecutive venues in their sequence. 
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Journey progression may be analysed using the journey progress time, calculated 

as: 

 

       (40) 

 

where J(u,s) represents the time taken by visitor u to reach venue vs from the first 

venue v1.  This function enables the venue management system to evaluate visitor 

pacing, determine potential delays, and adjust venue recommendations in real time. 

 

By integrating structured venue data and real-time user movement analytics, the 

venue management system dynamically manages visitor distribution, predicts 

congestion trends, and optimizes venue operations.  These formulas enable 

intelligent decision-making, ensuring an optimized visitor experience and maintaining 

balanced occupancy levels across all venues. 

 

The sequence metadata framework may define the structural parameters and 

optimization criteria governing visitor flow across multiple venues. Each sequence 

may be assigned a unique identifier, serving as a reference for its configuration, 

execution, and performance tracking. The sequence type may categorize visitor 

journeys, distinguishing between predefined routes, dynamically generated paths, 

and specialized engagement sequences. A sequence description may provide 

contextual details regarding the purpose and characteristics of the sequence. 

Sequence rules may establish operational constraints, ensuring compliance with 

system-wide flow management policies. Optimization metrics may determine 

validation criteria, integrating real-time adjustments based on historical and 

predictive performance data. The sequence success rate may reflect historical 

effectiveness, measured through visitor adherence, completion rates, and 

engagement metrics. Sequence adjustment factors may enable dynamic 

modifications by incorporating real-time visitor behaviour, congestion trends, and 

environmental conditions into the optimization process. 

 

The time-based variation setup module may define parameters for time-sensitive 

sequence adjustments, allowing the venue management system to adapt venue 

allocations and visitor flow strategies based on evolving time-dependent factors. A 

designated time slot may specify the period in which a time-based variation applies, 

enabling targeted modifications during peak and off-peak hours. Each variation may 
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be assigned a unique identifier for tracking and validation.  A variation description 

may outline the modifications implemented, such as extended venue durations, 

staggered entry allocations, or adjusted engagement strategies. Variation rules may 

define governing constraints, ensuring alignment with venue-specific policies and 

operational requirements. Temporal pattern analysis may capture historical and 

predictive trends in visitor movement, enabling adaptive modifications based on real-

time traffic conditions. Time slot optimization factors may establish attributes 

influencing venue assignments and visitor flow strategies within specific time 

periods. Temporal load balancing metrics may measure the effectiveness of time-

based adjustments in distributing visitors evenly and mitigating localized congestion. 

 

The environmental setup module may incorporate environmental metadata to 

enhance visitor engagement and optimize flow management strategies. A theme 

attribute may categorize the venue’s environmental characteristics, aligning with 

thematic elements that shape visitor perception and engagement. The ambiance 

parameter may define sensory and experiential qualities, incorporating elements 

such as lighting, sound, and spatial arrangement. The physical layout object may 

describe spatial organization, including entry and exit pathways, movement patterns, 

and interactive zones. Environmental effects may include elements such as 

augmented reality projections, themed installations, or dynamic lighting systems that 

enhance visitor experiences. Environmental conditions may provide real-time metrics 

on temperature, humidity, and air quality, enabling adaptive modifications to visitor 

recommendations based on comfort levels. An environmental impact prediction 

model may forecast how environmental factors influence visitor movement and 

engagement, ensuring continuous optimization. Environmental optimization factors 

may define attributes for refining environmental setups, ensuring that dynamic 

adjustments align with system-wide engagement objectives. 

 

The contextual rules module may establish the governance framework regulating 

venue assignments, visitor flow modifications, and system-wide optimization 

strategies. A rule set identifier may uniquely reference the contextual rule set applied 

to a specific sequence. A rule set description may provide an overview of regulatory 

and operational constraints embedded within the framework. Individual rules may be 

assigned unique identifiers for tracking and enforcement. Rule type categorization 

may define the nature of each regulation, including access restrictions, priority 

adjustments, and engagement triggers. Rule parameters may outline specific 

conditions under which a rule applies, ensuring compliance with predefined policies. 
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Rule generation metadata may capture insights related to rule creation, validation, 

and adaptation, supporting continuous refinement. Rule priority scores may rank 

different rules by significance, allowing the venue management system to resolve 

conflicting constraints. Rule conflict resolution metrics may quantify the impact of 

overlapping or contradictory rules, ensuring logical consistency and operational 

efficiency. 

 

The priming engine metadata module may provide insights into user engagement 

strategies and optimization mechanisms. Priming optimization factors may define 

attributes influencing visitor engagement effectiveness, ensuring that 

recommendations align with behavioural patterns. A user engagement prediction 

model may forecast expected user responses to engagement stimuli, refining flow 

orchestration strategies to maximize adherence to optimized venue sequences. A 

priming strategy identifier may uniquely reference the engagement approach applied 

to a specific visitor segment, enabling targeted adaptations based on historical 

success rates. Priming effectiveness metrics may quantify the impact of engagement 

interventions, ensuring that recommendations remain relevant and actionable. 

 

The macro orchestration metadata module may govern large-scale visitor flow 

optimization across multiple venues, ensuring dynamic adjustments maintain 

balance at both individual and group levels. An orchestration plan identifier may 

uniquely reference a specific macro-level optimization strategy, linking it to 

engagement and flow management mechanisms. Group behaviour prediction 

models may analyse collective movement patterns, adjusting recommendations in 

response to real-time crowd dynamics. Flow optimization factors may define 

attributes influencing venue allocations and visitor redirections, ensuring that large-

scale flow adjustments remain efficient. Flow effectiveness metrics may quantify the 

success of macro-level interventions, refining predictive modelling techniques and 

validating system-wide adjustments. 

 

The venue management system may derive key performance metrics to facilitate 

continuous optimization. Primed journey statistics may aggregate structured visitor 

flow insights, tracking the total number of venues visited within a sequence, the 

average duration spent at each venue, and the expected total journey time. An 

optimized venue sequence may represent the refined venue allocation structure, 

dynamically adjusted based on sequence-based setup scores and time-based 

variation setups. A predicted user engagement score may estimate expected levels 
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of visitor interaction and compliance with system-driven recommendations, 

leveraging metadata from the priming engine. A predicted flow effectiveness metric 

may quantify the impact of macro orchestration strategies, ensuring balanced visitor 

distribution and congestion mitigation. 

 

Venue data within the cross-venue system 104 may consist of structured information 

characterizing each venue, supporting sequence-based and time-based optimization 

models. This data may remain static or undergo slow changes, sourced from internal 

systems or external data providers. It may serve as input for the sequence-based 

setup and time-based variation setup modules, ensuring venue allocations align with 

operational constraints and visitor flow dynamics. The update frequency may be 

configured as daily or as required, reflecting operational adjustments, infrastructure 

modifications, or external influences such as pricing updates or user ratings. 

 

Each venue may be uniquely identified by a venue ID, serving as the primary 

reference for associated attributes. The venue name may provide a human-readable 

identifier, while the venue type may categorize the facility based on its primary 

function, such as entertainment, retail, cultural, or dining. Latitude and longitude 

coordinates may precisely define the venue’s geographical location, supporting 

spatial mapping and navigation functions. Maximum capacity may specify the total 

number of users a venue can accommodate at a given time, serving as a constraint 

for congestion management and access control decisions. Average visit duration 

may reflect the typical time a visitor spends at the venue, providing critical input for 

time slot allocations and visitor flow predictions. 

 

Operational parameters such as opening hours may define the timeframe during 

which a venue remains accessible, segmented by day of the week to account for 

varying schedules. A price range attribute may provide an indicative cost 

classification, offering insights into visitor affordability and influencing demand 

modelling. An overall rating score may reflect user feedback, aggregating historical 

visitor reviews and satisfaction scores into a numerical value that serves as an 

engagement indicator. 

 

Derived data expands upon static venue attributes by incorporating distance-based 

metrics that influence visitor movement predictions and sequence optimizations.  

The MRT distance dm(v1, v2) calculates the number of transit stations separating 

two venues, serving as an accessibility factor for visitors relying on public 
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transportation.  The geographical distance dg(v1, v2) may compute the great-circle 

distance between two venues, based on the Haversine formula: 

 

 (41) 

where R represents the Earth's radius (6,371,000 meters), ϕ1 and ϕ2 denote the 

latitudes of the two venues in radians, and λ1 and λ2  correspond to their respective 

longitudes.  The road distance dr(v1, v2) may compute the actual travelled distance 

along road networks, taking into account infrastructure constraints such as highways, 

pedestrian pathways, and traffic conditions. 

 

A weighted total distance d integrates multiple distance metrics into a single 

normalized value, balancing the relative importance of transit accessibility, direct 

geographical proximity, and real-world road navigation using the formula: 

 

        (42) 

 

on historical visitor movement patterns and system-defined priority settings.  This 

weighted distance serves as a key determinant for venue sequence optimization, 

ensuring that visitor recommendations align with both practical accessibility 

constraints and efficient venue-to-venue transitions. 

 

By integrating static venue attributes with dynamically derived metrics, the cross-

venue system may continuously refine venue allocations, optimize visitor routing, 

and enhance user experiences through data-driven flow management strategies. 

 

The secondary analytics module may process aggregated and derived data to 

provide insights into venue performance, visitor behaviour, and resource utilization. 

This data may originate from the resource optimizer, which continuously monitors 

venue operations and computes efficiency metrics. The processed analytics may 

then be transmitted to the venue management system dashboard, where they may 

be visualized for operational monitoring and strategic decision-making. Updates may 

occur on an hourly or daily basis, depending on the level of granularity required for 

real-time adjustments versus long-term trend analysis. 

 

Each venue may be uniquely identified by a venue ID, serving as the primary 

reference for analytical tracking. The date field may record the specific day for which 
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analytics data was collected, ensuring historical referenceability. The total number of 

users may represent the cumulative visitor count for the venue within the recorded 

time frame, providing a fundamental metric for traffic analysis. The average journey 

time may quantify the mean duration users spend at the venue, offering insights into 

visitor engagement levels and pacing. The average journey rating may aggregate 

visitor feedback, producing a numerical representation of overall user satisfaction 

based on post-visit surveys or interactive feedback systems. 

 

Resource management analytics may include resource utilization metrics, which may 

calculate the percentage of venue resources actively engaged during a given time 

period. This measure may inform staffing and operational decisions, ensuring 

efficient deployment of available resources. Bottleneck periods may be identified by 

listing specific time slots where the venue exceeded optimal capacity, highlighting 

congestion risks and enabling predictive adjustments in visitor flow 

recommendations. User demographics may segment visitor populations based on 

factors such as age, gender, location, and behavioural patterns, supporting targeted 

engagement strategies and personalized venue recommendations. Peak hour 

analysis may identify time periods with the highest visitor footfall, allowing for 

proactive congestion management and resource allocation. Revenue data may 

encapsulate financial performance metrics, including ticket sales, in-venue 

purchases, and service-based transactions, providing an integrated view of venue 

profitability. 

 

In addition to core analytics, the venue management system may derive key 

performance indicators to support decision-making. The user churn rate may 

measure the percentage of potential visitors who opted not to enter the venue, 

providing insights into drop-off behaviour and the effectiveness of venue 

engagement strategies. Resource efficiency may assess the alignment between 

operational capacity and visitor demand. The user satisfaction score may aggregate 

visitor ratings, qualitative feedback, and engagement levels into a single numerical 

index, serving as a benchmark for assessing the quality of visitor experience. 

 

By integrating real-time visitor data with historical trends, the secondary analytics 

module may enable data-driven decision-making, optimizing venue performance and 

enhancing visitor engagement strategies. These insights may support dynamic 

system adaptations, ensuring that venue operations remain efficient, responsive, and 

aligned with evolving visitor expectations. 
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The value distribution data in the IUBOS may consist of transactional records that 

track the allocation and usage of distributed values across venues and user 

segments. This data may be sourced from the Value Optimizer, which dynamically 

determines the allocation of various value types based on predefined criteria and 

user engagement patterns. The processed data may then be transmitted to the 

Value Distributor Tracker, where it may be monitored for real-time tracking, utilization 

analysis, and optimization of future value distribution strategies. Update frequency 

may be real-time or near real-time, ensuring that system operations reflect the latest 

allocation and redemption patterns. 

 

Each transaction may be uniquely associated with a user ID, allowing the venue 

management system to track the distribution of value at an individual level. A 

timestamp may record the exact moment when the value was assigned, ensuring 

chronological traceability. The venue ID may identify the specific location where the 

value was distributed, providing contextual insights into venue-based engagement 

and promotional effectiveness. The value type may specify the category of 

distributed value, which may include discounts, promotional credits, loyalty points, or 

access privileges. The value amount may quantify the assigned value, allowing for 

financial tracking and comparative analysis across different user segments. 

 

The distribution channel may record the medium through which the value was 

allocated, such as mobile notifications, in-app rewards, printed vouchers, or direct 

venue transactions. The value status may indicate whether the distributed value 

remains active, has been redeemed, or has expired. To manage time-sensitive 

distributions, an expiration date may define the last valid usage period for the 

allocated value. The user segment may categorize recipients based on predefined 

behavioural patterns, engagement levels, or demographic attributes, enabling 

targeted allocation strategies. 

 

Beyond individual transaction tracking, the venue management system may derive 

key performance indicators to evaluate the effectiveness of value distribution. The 

total value distributed may aggregate the cumulative amount allocated across all 

users and venues, providing an overview of system-wide distribution impact. The 

average value per user may compute the mean allocation per recipient, ensuring that 

value distribution remains balanced and aligned with engagement objectives. The 

value utilization rate may measure the percentage of distributed values successfully 
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redeemed by users, serving as a key metric for assessing the efficiency and 

effectiveness of value allocation strategies. 

 

By continuously analysing transactional value data, the venue management system 

may optimize real-time distribution strategies, enhance engagement effectiveness, 

and ensure that allocated values contribute to increased visitor participation and 

venue utilization. This data-driven approach may enable targeted promotional 

activities, improve user satisfaction, and enhance overall system performance 

through intelligent value optimization. 

The processed data in the IUBOS may consist of transformed and enriched datasets 

that enhance real-time decision-making and adaptive control mechanisms. This data 

may originate from the Intelligent Processing Framework, where raw inputs are 

analysed, structured, and enriched with predictive insights. The processed 

information may then be transmitted to the Adaptive Controller, which dynamically 

adjusts system parameters, venue recommendations, and resource allocations 

based on evolving visitor behaviours. The update frequency may be real-time or near 

real-time, ensuring that operational adjustments align with current conditions and 

anticipated trends. 

 

Each venue may be uniquely identified by a venue ID, serving as the primary key for 

processed data aggregation. A timestamp may record the exact moment of data 

processing, providing a temporal reference for all derived metrics. Crowd density 

may quantify the concentration of visitors within the venue, offering a critical 

measure for congestion management and flow optimization. Average wait time may 

capture the mean duration visitors spend in queues or holding areas, allowing the 

venue management system to implement queue-balancing strategies and optimize 

throughput efficiency. 

 

The user distribution object may classify visitors based on demographic attributes 

such as age, gender, or engagement levels, enabling targeted venue 

recommendations and personalized experience adaptations. The sentiment score 

may aggregate user feedback, interactions, and behavioural cues into a numerical 

representation of overall visitor sentiment at the venue, supporting proactive service 

enhancements. User flow patterns may track sequential movement trends within the 

venue, identifying common pathways, bottlenecks, and high-engagement areas. 

 



 
 
 

71 
 

The venue management system may continuously monitor anomalies, flagging 

unexpected behaviours or deviations from standard visitor movement patterns. 

These anomalies may include unusually high dwell times, erratic movement patterns, 

or unexpected surges in venue occupancy. Predicted metrics may provide forward-

looking insights into venue dynamics, forecasting values such as future crowd 

density, projected wait times, and anticipated user engagement trends. These 

predictive capabilities may enable the adaptive controller to pre-emptively adjust 

visitor guidance strategies, resource allocations, and congestion mitigation 

measures. 

 

By leveraging real-time processed data, the venue management system may 

optimize visitor distribution, improve venue management efficiency, and support 

adaptive decision-making that enhances the overall user experience. The integration 

of predictive modelling and anomaly detection may allow for continuous system 

refinement, ensuring smooth visitor movement, minimized wait times, and optimal 

venue operations. 

 

The Value Distribution Tracking module in IUBOS may monitor and record real-time 

value distribution events, ensuring efficient allocation and utilization of promotional 

rewards, discounts, or incentives across venues. The data may originate from the 

Value Distributor Tracker, which continuously updates the venue management 

system with transaction details. This data may then be transmitted to the Adaptive 

Controller, where it informs dynamic optimization strategies. Updates may occur in 

real-time or near real-time, allowing immediate adjustments in distribution strategies 

based on user engagement and venue performance. 

 

Each transaction may be linked to a venue ID, uniquely identifying the location where 

value was distributed. A timestamp may record the exact moment of the value 

distribution event, ensuring accurate sequencing and analysis over time. The total 

value distributed metric may quantify the cumulative amount of rewards, credits, or 

incentives issued at the venue, providing insight into engagement levels and 

promotional effectiveness. The number of users rewarded may represent the total 

visitors who received value-based incentives, allowing the venue management 

system to assess the reach and effectiveness of distribution strategies. 

 

The value distribution rate may measure the frequency of value allocation within the 

venue, enabling the venue management system to identify fluctuations in 
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promotional activity and adjust resource allocation accordingly. The distribution 

channels object may categorize how value was distributed, whether through mobile 

notifications, in-app rewards, physical vouchers, or direct venue interactions. The 

user segments object may provide a demographic breakdown of recipients, ensuring 

that value distribution aligns with targeted engagement strategies. Value utilization 

metrics may track how effectively distributed rewards were redeemed, offering 

insights into visitor behaviour and incentive effectiveness. 

 

Derived metrics may further refine the system’s ability to assess and optimize value 

distribution strategies. The value distribution velocity may measure the rate at which 

value is allocated, capturing whether distribution patterns align with anticipated 

demand. The utilization latency may quantify the average time elapsed between 

value distribution and actual usage, helping the venue management system identify 

engagement delays or underutilized incentives. The channel effectiveness object 

may evaluate the performance of different distribution channels, identifying which 

methods drive the highest utilization rates and ensuring that future allocations are 

optimized for maximum impact. 

 

By continuously tracking value distribution in real time, the venue management 

system may ensure that incentives remain effectively allocated, engagement 

strategies are dynamically refined, and value utilization is maximized. This adaptive 

approach may enable precise promotional targeting, improve visitor satisfaction, and 

enhance overall venue engagement by aligning value distribution with user 

behaviour and demand patterns. 

 

The Enhanced Visualization module in IUBOS may process visualization 

specification data to enable dynamic, real-time graphical representations of system 

insights. This data may be sourced from the Adaptive Controller, where it is 

continuously updated based on visitor movement, resource utilization, and system 

performance metrics. The processed visualization data may then be transmitted to 

the Advanced Communication Module, which generates real-time visual outputs for 

dashboards, monitoring interfaces, and interactive decision-support systems. 

Updates may occur in real-time or near real-time, ensuring that visualization 

components reflect the latest operational conditions. 

 

Each visualization instance may be uniquely identified by a visualization ID, serving 

as a reference for tracking and updating graphical elements. A timestamp may 
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record the exact moment the visualization data was generated, ensuring accurate 

sequencing of updates. The venue ID may link each visualization to a specific 

location, allowing for venue-specific monitoring and analysis. The visualization type 

may define the category of graphical representation, specifying whether the data is 

rendered as heatmaps, time series charts, flow diagrams, or geospatial 

visualizations. 

 

The data object may contain the structured input values required for rendering the 

visualization, including real-time system metrics such as crowd density, visitor flow, 

queue times, and engagement levels. The config object may store the parameters 

that define how the visualization is displayed, including axis labels, scaling factors, 

and filtering options. The layout object may define the spatial arrangement and 

positioning of graphical elements, ensuring that data is presented in an intuitive and 

interpretable format. The interactions array may list the interactive elements 

embedded within the visualization, such as zoom functions, hover-over tooltips, or 

drill-down capabilities, allowing users to explore data dynamically. The animations 

array may define visual transition effects, including movement sequences and 

triggered graphical responses that enhance interpretability and user engagement. 

 

Visualization outputs may be categorized based on function and use case, providing 

different analytical perspectives on visitor movement and venue performance. 

Heatmaps and density maps may visually represent crowd distribution and 

movement patterns, allowing operators to identify congestion areas and optimize 

visitor flow. Time series charts may track evolving system metrics such as wait 

times, resource utilization, and value distribution, supporting trend analysis and 

predictive modelling. Flow diagrams and Sankey charts may illustrate user journey 

pathways, revealing the most frequently travelled visitor routes and potential 

bottlenecks. Geospatial visualizations may overlay venue layouts with real-time 

operational data, highlighting points of interest, access control areas, and 

congestion-prone zones. Dashboards and multi-panel displays may integrate 

multiple visualization types into a single interface, providing real-time monitoring 

capabilities for system administrators and decision-makers. 

 

By integrating real-time data visualization into system operations, the Enhanced 

Visualization module may enable intuitive monitoring, rapid decision-making, and 

improved operational efficiency. These visual representations may allow 
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stakeholders to interpret complex datasets more effectively, optimize venue resource 

management, and enhance visitor experiences through data-driven insights. 

 

The Engagement Strategies module in IUBOS may manage real-time engagement 

configuration data, enabling adaptive and personalized visitor interactions based on 

dynamic conditions. This data may originate from the Adaptive Controller, which 

continuously refines engagement logic based on user behaviour, venue conditions, 

and system-wide optimizations. The processed engagement strategies may then be 

transmitted to the Dynamic Engagement Controller, where they may be executed in 

real-time to influence visitor decisions, enhance experiences, and improve overall 

system efficiency. The update frequency may be real-time or near real-time, 

ensuring that engagement strategies remain responsive to live visitor activity and 

environmental changes. 

Each engagement strategy may be uniquely identified by a strategy ID, serving as a 

reference for tracking, modification, and execution. A timestamp may record the 

exact moment the strategy was created or updated, ensuring version control and 

historical referenceability. The venue ID may link each engagement strategy to a 

specific location, allowing for venue-specific targeting and customization. The user 

segment may define the audience for which the strategy is designed, categorizing 

visitors based on demographics, past behaviour, or predicted engagement levels. 

 

The engagement type may specify the nature of the interaction, determining whether 

the strategy involves promotional offers, queue management recommendations, 

interactive content, or guided navigation. The content object may contain the actual 

engagement material, such as digital notifications, on-screen prompts, augmented 

reality interactions, or venue-specific recommendations. The triggering conditions 

array may define the system states that activate the engagement strategy, such as 

high queue congestion, low visitor engagement levels, or upcoming events requiring 

promotional outreach. 

 

Each strategy may be assigned a priority level, determining its execution precedence 

when multiple engagement actions are triggered simultaneously. The frequency cap 

may limit the number of times the strategy can be applied to an individual user, 

preventing engagement fatigue and ensuring a balanced visitor experience. The 

expiration timestamp may define the validity period of the engagement strategy, 

ensuring that outdated or irrelevant interactions are automatically deactivated when 

no longer applicable. 
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By continuously optimizing engagement strategies in real time, the venue 

management system may ensure that visitor interactions remain dynamic, relevant, 

and effective. These strategies may drive user engagement, balance visitor flow, 

enhance queue management, and create personalized experiences tailored to user 

preferences and real-time venue conditions. Through intelligent automation and 

adaptive execution, the Engagement Strategies module may enable seamless and 

context-aware visitor interactions, improving overall satisfaction and optimizing 

venue operations. 

 

The venue management system may operate through a series of interdependent 

modules that facilitate dynamic visitor flow optimization across multiple venues within 

a venue area. At its core, a data collection module may function as a means for 

acquiring visitor data, wherein such data corresponds to the location and movement 

patterns of individuals within the venue area. This module may interface with various 

sensing and tracking mechanisms to ensure continuous and accurate data 

acquisition. 

 

Complementing this, a venue data acquisition module may serve as a means for 

receiving venue-specific data, including occupancy levels and available capacity. 

This module may enable real-time updates on venue conditions, ensuring that 

resource allocation decisions are made based on the latest available data. The 

interaction between the visitor data and venue data acquisition modules may ensure 

that the venue management system maintains a comprehensive and evolving 

understanding of venue utilization. 

 

To transform this data into actionable insights, the occupancy distribution prediction 

module may operate as a means for determining a venue occupancy distribution by 

applying a computational model. This computational model may utilize one or more 

methodologies, including but not limited to statistical inference models, historical 

trend analysis, and machine learning-based predictive analytics. In embodiments 

employing machine learning, the model may be trained using historical visitor 

movement patterns, venue capacity variations, and prior congestion events, allowing 

it to generate adaptive predictions that reflect real-world occupancy trends. Where 

Bayesian inference techniques are employed, the module may assign probability 

scores to potential congestion scenarios, enabling probabilistic decision-making. 

Alternatively, a Markov decision process (MDP) framework may be applied, where 
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visitor transition probabilities between venues inform the optimization of venue 

resource allocation. Regardless of the specific implementation, the occupancy 

distribution prediction module may ensure that the venue management system 

proactively responds to evolving visitor traffic patterns. 

 

Once the venue occupancy distribution is determined, the venue access control 

module may function as a means for generating a venue control instruction. This 

instruction may correspond to modifications in access permissions, queue 

assignment parameters, or visitor redirection recommendations. In some 

implementations, the instruction may be derived from predefined access policies, 

dynamically adapting entry permissions based on projected congestion levels. When 

certain venues are expected to exceed their optimal capacity, the module may 

generate an instruction corresponding to granting or restricting access based on 

visitor priority levels, prior reservations, or dynamically assigned queue positions. 

The generated venue control instruction may not itself execute these modifications 

but instead may serve as a directive processed and implemented by the venue 

management system. 

 

To facilitate execution, the communication interface may function as a means for 

transmitting the venue control instruction to at least one venue management system. 

The venue management system may process the instruction and regulate access 

permissions through an electronic entry system, which may include automated 

gates, turnstiles, or digital authentication terminals. Alternatively, the venue 

management system may process the venue control instruction to adjust queue 

structures, wherein a digital queue management interface may reconfigure virtual or 

physical waiting lines based on real-time congestion patterns. In embodiments where 

visitor guidance may be required, the venue management system may further 

transmit the venue control instruction to a visitor guidance display system, thereby 

enabling real-time directional updates through interactive signage or mobile 

notifications. 

 

The venue management system may operate within a continuous feedback loop, 

where newly received visitor and venue data may be incorporated into subsequent 

predictions. The venue occupancy distribution prediction module may periodically 

refine its model parameters when detected deviations between predicted and actual 

venue occupancy exceed a predefined threshold. Additionally, the venue 

management system may recalculate venue control instructions at predefined time 
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intervals or in response to significant changes in visitor density. In some 

implementations, the venue management system may integrate transportation data 

to estimate visitor arrival patterns, allowing pre-emptive adjustments to venue access 

recommendations. These adaptive mechanisms may ensure that venue resource 

allocation remains dynamic and responsive to real-time occupancy conditions. 

 

By employing a modular architecture with distinct functional components, each 

serving as a means for executing specific operations, the venue management 

system may provide a scalable and adaptable solution for managing visitor access 

across multiple venues. The interplay between data acquisition, predictive modelling, 

and venue control may ensure that the venue management system optimizes visitor 

distribution, mitigates congestion, and enhances overall venue efficiency. 

 

The following examples may be provided solely for illustrative purposes and may be 

not intended to limit the scope of the venue management system.  The described 

examples illustrate specific implementations of the venue management system but 

do not encompass all possible variations.  Features and aspects from different 

examples may be combined in various ways to suit particular applications, and 

modifications may be made without departing from the spirit and scope of the venue 

management system as defined by the claims. 

 

Example 1a may be a non-transitory computer-readable storage medium storing 

instructions that, when executed by a processor, cause the processor to perform a 

method for allocating resources across multiple venues within a venue area, the 

method including: receiving visitor data from a plurality of individuals within the 

venue area, wherein the visitor data correspond to location information and 

movement patterns of the individuals within the venue area; receiving venue data 

from the multiple venues, wherein the venue data includes occupancy levels and 

available capacity; determining a venue occupancy distribution by applying a 

predictive computational model based on received venue data and visitor data; 

generating a venue control instruction based on the determined venue occupancy 

distribution to control the occupancy distribution, wherein the control instruction 

controls access to one or more venues within the venue area for at least a subset of 

the plurality of individuals; and transmitting the venue control instruction to at least 

one venue management system controlling access to at least one venue within the 

venue area. 
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In Example 2a, the subject matter of Example 1a can optionally include that the 

predictive computational model processes historical venue data and real-time visitor 

data to determine the venue occupancy distribution. 

 

In Example 3a, the subject matter of any one of Examples 1a or 2a can optionally 

include that the predictive computational model updates the venue occupancy 

distribution at predefined time intervals based on newly received visitor data and 

venue data. 

 

In Example 4a, the subject matter of any one of Examples 1a to 3a can optionally 

include that the predictive computational model applies machine learning-based 

clustering techniques to group visitor data based on movement patterns. 

 

In Example 5a, the subject matter of any one of Examples 1a to 4a can optionally 

include that the predictive computational model may compute a probability score for 

each venue based on expected visitor arrivals within a predefined time window. 

 

In Example 6a, the subject matter of any one of Examples 1a to 5a can optionally 

include that the venue control instruction corresponds to entry permission 

adjustments for at least a subset of the plurality of individuals based on the 

determined venue occupancy distribution. 

 

In Example 7a, the subject matter of any one of Examples 6a can optionally include 

that the venue control instruction corresponds to priority access assignments for 

certain individuals based on predefined access policies. 

 

In Example 8a, the subject matter of any one of Examples 1a to 6a can optionally 

include that the venue control instruction corresponds to queue configuration 

parameters, which may be processed by the venue management system to modify 

queue arrangements within the venue area. 

 

In Example 9a, the subject matter of any one of Examples 8a can optionally include 

that the venue control instruction corresponds to queue reassignment parameters, 

which the venue management system processes to reassign individuals to 

alternative queue locations within the venue area. 
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In Example 10a, the subject matter of any one of Examples 1a to 9a can optionally 

include that the venue control instruction corresponds to venue redirection 

parameters, which may be processed by the venue management system to direct at 

least a subset of the plurality of individuals to a different venue within the venue 

area. 

 

In Example 11a, the subject matter of any one of Examples 1a to 10a can optionally 

include that the venue management system processes the venue control instruction 

to control an electronic entry system that regulates access to the venue area. 

 

In Example 12a, the subject matter of any one of Examples 11a can optionally 

include that the venue management system processes the venue control instruction 

to adjust turnstile configurations based on the determined venue occupancy 

distribution. 

 

In Example 13a, the subject matter of any one of Examples 1a to 12a can optionally 

include that the venue management system processes the venue control instruction 

to modify displayed information on a digital signage system within the venue area. 

 

In Example 14a, the subject matter of any one of Examples 1a to 13a can optionally 

include that the venue management system processes the venue control instruction 

to update a mobile application associated with at least a subset of the plurality of 

individuals to provide venue access updates. 

 

In Example 15a, the subject matter of any one of Examples 1a to 14a can optionally 

include that the venue management system processes the venue control instruction 

to modify queue assignments within an automated queue management system. 

 

In Example 16a, the subject matter of any one of Examples 1a to 15a can optionally 

include that the venue occupancy distribution may be updated in real time based on 

continuously received visitor data and venue data. 

 

In Example 17a, the subject matter of any one of Examples 1a to 16a can optionally 

include that the predictive computational model may be incrementally refined using 

newly received visitor data and venue data. 
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In Example 18a, the subject matter of any one of Examples 1a to 17a can optionally 

include that the predictive computational model adjusts weighting parameters when 

deviations between predicted venue occupancy and actual venue occupancy exceed 

a predefined threshold. 

 

In Example 19a, the subject matter of any one of Examples 1a to 18a can optionally 

include that the venue occupancy distribution may be recalculated when visitor 

density in a venue of the multiple venues exceeds a predefined occupancy 

threshold. 

 

In Example 20a, the subject matter of any one of Examples 1a to 19a can optionally 

include that the venue management system processes the venue control instruction 

to dynamically modify access conditions based on environmental conditions within 

the venue area. 

 

In Example 21a, the subject matter of any one of Examples 1a to 20a can optionally 

include that the venue management system processes the venue control instruction 

to redirect at least a subset of the plurality of individuals to an alternative venue 

within a predefined walking distance. 

 

In Example 22a, the subject matter of any one of Examples 21a can optionally 

include that the predefined walking distance may be adjusted based on mobility 

characteristics of at least a subset of the plurality of individuals. 

 

In Example 23a, the subject matter of any one of Examples 1a to 22a can optionally 

include that the venue management system processes the venue control instruction 

to restrict access to a subset of venues based on preassigned visitor itineraries. 

 

In Example 24a, the subject matter of any one of Examples 1a to 23a can optionally 

include that the venue management system processes the venue control instruction 

to integrate transportation data to estimate visitor arrival times and adjust venue 

access conditions accordingly. 

 

Example 1b may be a system for allocating resources across multiple venues within 

a venue area, comprising: at least one processor; and a memory storing instructions, 

wherein the instructions, when executed by the processor, cause the processor to: 

receive visitor data from a plurality of individuals within the venue area, wherein the 
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visitor data correspond to location information and movement patterns of the 

individuals; receive venue data from multiple venues, wherein the venue data 

includes occupancy levels and available capacity; apply a predictive computational 

model to determine a venue occupancy distribution based on the received visitor 

data and venue data; generate a venue control instruction to control venue access 

based on the venue occupancy distribution, wherein the instruction adjusts at least 

one of: access permissions to one or more venues, queue management parameters, 

and visitor routing recommendations; and transmit the venue control instruction to at 

least one venue management system controlling access to at least one venue within 

the venue area. 

 

In Example 2b, the subject matter of Example 1b can optionally include that the 

predictive computational model processes historical venue data and real-time visitor 

data to determine the venue occupancy distribution. 

 

In Example 3b, the subject matter of any one of Examples 1b or 2b can optionally 

include that the predictive computational model updates the venue occupancy 

distribution at predefined time intervals based on newly received visitor data and 

venue data. 

 

In Example 4b, the subject matter of any one of Examples 1b to 3b can optionally 

include that the predictive computational model applies machine learning-based 

clustering techniques to group visitor data based on movement patterns. 

 

In Example 5b, the subject matter of any one of Examples 1b to 4b can optionally 

include that the predictive computational model may compute a probability score for 

each venue based on expected visitor arrivals within a predefined time window. 

 

In Example 6b, the subject matter of any one of Examples 1b to 5b can optionally 

include that the venue control instruction corresponds to entry permission 

adjustments, which may be processed by the venue management system for 

implementation. 

 

In Example 7b, the subject matter of any one of Examples 6b can optionally include 

that the venue control instruction corresponds to priority access assignments, which 

the venue management system applies based on predefined access policies. 
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In Example 8b, the subject matter of any one of Examples 1b to 6b can optionally 

include that the venue control instruction corresponds to queue configuration 

parameters, which may be processed by the venue management system to modify 

queue arrangements within the venue area. 

 

In Example 9b, the subject matter of any one of Examples 8b can optionally include 

that the venue control instruction may provide queue reassignment parameters, 

which the venue management system processes to reassign individuals to 

alternative queue locations within the venue area. 

 

In Example 10b, the subject matter of any one of Examples 1b to 9b can optionally 

include that the venue control instruction corresponds to venue redirection 

parameters, which may be processed by the venue management system to direct at 

least a subset of the plurality of individuals to a different venue within the venue 

area. 

 

In Example 11b, the subject matter of any one of Examples 1b to 10b can optionally 

include that the venue management system processes the venue control instruction 

to control an electronic entry system that regulates access to the venue area. 

 

In Example 12b, the subject matter of any one of Examples 11b can optionally 

include that the venue management system processes the venue control instruction 

to adjust turnstile configurations based on the determined venue occupancy 

distribution. 

 

In Example 13b, the subject matter of any one of Examples 1b to 12b can optionally 

include that the venue management system processes the venue control instruction 

to modify displayed information on a digital signage system within the venue area. 

 

In Example 14b, the subject matter of any one of Examples 1b to 13b can optionally 

include that the venue management system processes the venue control instruction 

to update a mobile application associated with at least a subset of the plurality of 

individuals to provide venue access updates. 

 

In Example 15b, the subject matter of any one of Examples 1b to 14b can optionally 

include that the venue management system processes the venue control instruction 

to modify queue assignments within an automated queue management system. 
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In Example 16b, the subject matter of any one of Examples 1b to 15b can optionally 

include that the venue occupancy distribution may be updated in real time based on 

continuously received visitor data and venue data. 

 

In Example 17b, the subject matter of any one of Examples 1b to 16b can optionally 

include that the predictive computational model may be incrementally refined using 

newly received visitor data and venue data. 

 

In Example 18b, the subject matter of any one of Examples 1b to 17b can optionally 

include that the predictive computational model adjusts weighting parameters when 

deviations between predicted venue occupancy and actual venue occupancy exceed 

a predefined threshold. 

 

In Example 19b, the subject matter of any one of Examples 1b to 18b can optionally 

include that the venue occupancy distribution may be recalculated when visitor 

density in a venue of the multiple venues exceeds a predefined occupancy 

threshold. 

 

In Example 20b, the subject matter of any one of Examples 1b to 19b can optionally 

include that the venue management system processes the venue control instruction 

to dynamically modify access conditions based on environmental conditions within 

the venue area. 

 

In Example 21b, the subject matter of any one of Examples 1b to 20b can optionally 

include that the venue management system processes the venue control instruction 

to redirect at least a subset of the plurality of individuals to an alternative venue 

within a predefined walking distance. 

 

In Example 22b, the subject matter of any one of Examples 21b can optionally 

include that the predefined walking distance may be adjusted based on mobility 

characteristics of at least a subset of the plurality of individuals. 

 

In Example 23b, the subject matter of any one of Examples 1b to 22b can optionally 

include that the venue management system processes the venue control instruction 

to restrict access to a subset of venues based on preassigned visitor itineraries. 
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In Example 24b, the subject matter of any one of Examples 1b to 23b can optionally 

include that the venue management system processes the venue control instruction 

to integrate transportation data to estimate visitor arrival times and adjust venue 

access conditions accordingly. 

 

Example 1c may be a venue management system for regulating visitor access 

across multiple venues within a venue area, comprising: a data collection module 

configured to receive visitor data corresponding to location and movement patterns 

of individuals within the venue area; a venue data acquisition module configured to 

obtain venue-specific occupancy levels and available capacity; an occupancy 

distribution prediction module configured to apply a computational model to generate 

a predicted venue occupancy distribution; a venue access control module configured 

to generate a venue control instruction, wherein the instruction may modify at least 

one of: physical or digital access permissions for specific venues, queue assignment 

parameters for visitor entry regulation, or visitor redirection recommendations based 

on occupancy distribution forecasts; and a communication interface configured to 

transmit the venue control instruction to at least one of: an electronic entry system, a 

digital queue management interface, or a visitor guidance display system. 

 

In Example 2c, the subject matter of Example 1c can optionally include that the 

occupancy distribution prediction module processes historical venue data and real-

time visitor data to generate the predicted venue occupancy distribution. 

 

In Example 3c, the subject matter of any one of Examples 1c or 2c can optionally 

include that the occupancy distribution prediction module updates the predicted 

venue occupancy distribution at predefined time intervals based on newly received 

visitor data and venue data. 

 

In Example 4c, the subject matter of any one of Examples 1c to 3c can optionally 

include that the occupancy distribution prediction module applies a machine learning 

model trained on historical and real-time venue data to generate the predicted venue 

occupancy distribution. 

 

In Example 5c, the subject matter of any one of Examples 1c to 4c can optionally 

include that the occupancy distribution prediction module may compute a probability 

score for each venue based on expected visitor arrivals within a predefined time 

window. 
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In Example 6c, the subject matter of any one of Examples 1c to 5c can optionally 

include that the venue access control module generates a venue control instruction 

corresponding to entry permission adjustments, which the venue management 

system processes for implementation. 

 

In Example 7c, the subject matter of any one of Examples 6c can optionally include 

that the venue control instruction corresponds to priority access assignments, which 

the venue management system applies based on predefined access policies. 

 

In Example 8c, the subject matter of any one of Examples 1c to 6c can optionally 

include that the venue control instruction corresponds to queue configuration 

parameters, which the venue management system processes to modify queue 

assignments within the venue area. 

 

In Example 9c, the subject matter of any one of Examples 8c can optionally include 

that the venue control instruction may provide queue reassignment parameters, 

which the venue management system processes to reassign individuals to 

alternative queue locations within the venue area. 

 

In Example 10c, the subject matter of any one of Examples 1c to 9c can optionally 

include that the venue control instruction corresponds to venue redirection 

parameters, which the venue management system processes to direct at least a 

subset of the plurality of individuals to a different venue within the venue area. 

 

In Example 11c, the subject matter of any one of Examples 1c to 10c can optionally 

include that the communication interface transmits the venue control instruction to an 

electronic entry system for processing access control adjustments. 

 

In Example 12c, the subject matter of any one of Examples 11c can optionally 

include that the electronic entry system processes the venue control instruction to 

adjust turnstile configurations based on the determined venue occupancy 

distribution. 

 

In Example 13c, the subject matter of any one of Examples 1c to 12c can optionally 

include that the communication interface transmits the venue control instruction to a 

digital queue management interface to modify displayed queue assignments. 
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In Example 14c, the subject matter of any one of Examples 1c to 13c can optionally 

include that the communication interface transmits the venue control instruction to a 

visitor guidance display system to provide directional guidance to individuals within 

the venue area. 

 

In Example 15c, the subject matter of any one of Examples 1c to 14c can optionally 

include that the communication interface transmits the venue control instruction to a 

mobile application associated with at least a subset of the plurality of individuals to 

provide venue access updates. 

 

In Example 16c, the subject matter of any one of Examples 1c to 15c can optionally 

include that the occupancy distribution prediction module updates the predicted 

venue occupancy distribution in real time based on continuously received visitor data 

and venue data. 

 

In Example 17c, the subject matter of any one of Examples 16c can optionally 

include that the occupancy distribution prediction module may be incrementally 

refined using newly received visitor data and venue data. 

 

In Example 18c, the subject matter of any one of Examples 1c to 17c can optionally 

include that the occupancy distribution prediction module adjusts model parameters 

when deviations between predicted venue occupancy and actual venue occupancy 

exceed a predefined threshold. 

 

In Example 19c, the subject matter of any one of Examples 1c to 18c can optionally 

include that the predicted venue occupancy distribution may be recalculated when 

visitor density in a venue of the multiple venues exceeds a predefined occupancy 

threshold. 

 

In Example 20c, the subject matter of any one of Examples 1c to 19c can optionally 

include that the venue access control module generates a venue control instruction 

corresponding to access condition modifications based on environmental conditions 

within the venue area. 

 

In Example 21c, the subject matter of any one of Examples 1c to 20c can optionally 

include that the venue access control module generates a venue control instruction 
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corresponding to redirection of at least a subset of the plurality of individuals to an 

alternative venue within a predefined walking distance. 

 

In Example 22c, the subject matter of any one of Examples 21c can optionally 

include that the predefined walking distance may be adjusted based on mobility 

characteristics of at least a subset of the plurality of individuals. 

 

In Example 23c, the subject matter of any one of Examples 1c to 22c can optionally 

include that the venue access control module generates a venue control instruction 

corresponding to venue access restrictions for a subset of venues based on 

preassigned visitor itineraries. 

 

In Example 24c, the subject matter of any one of Examples 1c to 23c can optionally 

include that the venue access control module generates a venue control instruction 

corresponding to integration of transportation data to estimate visitor arrival times 

and adjust venue access conditions accordingly. 

 

Various embodiments have been described herein with reference to the 

accompanying drawings in which example embodiments may be shown.  These 

embodiments may, however, be embodied in different forms and should not be 

construed as limited to the embodiments set forth herein.  Rather, these 

embodiments may be provided so that this disclosure may be thorough and 

complete and fully conveys the inventive concept to those skilled in the art.  Various 

modifications to the example embodiments and the generic principles and features 

described herein will be readily apparent.  In the drawings, the sizes and relative 

sizes of layers and regions may be not shown to scale, and in some instances may 

be exaggerated for clarity. 

 

The example embodiments may be mainly described in terms of particular methods 

and devices provided in particular implementations.  However, the methods and 

devices may operate effectively in other implementations.  Phrases such as 

“example embodiment, ” “one embodiment, ” and “another embodiment” may refer to 

the same or different embodiments as well as to multiple embodiments.  The 

embodiments will be described with respect to systems and/or devices having 

certain components.  However, the systems and/or devices may include fewer or 

additional components than those shown, and variations in the arrangement and 

type of the components may be made without departing from the scope of the 
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inventive concepts.  The example embodiments will also be described in the context 

of particular methods having certain steps or operations.  However, the methods and 

devices may operate effectively for other methods having different and/or additional 

steps/operations and steps/operations in different orders that may be not 

inconsistent with the example embodiments.  Thus, the present inventive concepts 

may be not intended to be limited to the embodiments shown, but may be to be 

accorded the widest scope consistent with the principles and features described 

herein. 

 

As will be appreciated by one skilled in the art, aspects of the present disclosure may 

be illustrated and described herein in any of a number of patentable classes or 

context including any new and useful process, machine, manufacture, or 

composition of matter, or any new and useful improvement thereof.  Accordingly, 

aspects of the present disclosure may be implemented entirely in hardware, entirely 

in software (including firmware, resident software, micro-code, etc.) or combining 

software and hardware implementation that may all generally be referred to herein 

as a “circuit”, ”module”, “component”, or “system”. Furthermore, aspects of the 

present disclosure may take the form of a computer program product embodied in 

one or more computer readable media having computer readable program code 

embodied thereon. 

 

The terminology used herein may be for the purpose of describing particular 

embodiments only and may be not intended to be limiting of example embodiments.  

As used herein, the singular forms “a”, “an”, and “the” may be intended to include the 

plural forms as well, unless the context clearly indicates otherwise.  It also will be 

understood that, as used herein, the term “comprising” or “comprises” may be open-

ended, and includes one or more stated elements, steps and/or functions without 

precluding one or more unstated elements, steps and/or functions.  The term 

“and/or” includes any and all combinations of one or more of the associated listed 

items. 

 

It will be understood that, although the terms first, second, etc. may be used herein 

to describe various elements, these elements should not be limited by these terms.  

These terms may be only used to distinguish one element from another element.  

Thus, a first element discussed below could be termed a second element without 

departing from the scope of the present inventive concepts. 
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It will also be understood that when an element may be referred to as being 

“connected” or “coupled” to another element, it can be directly connected or coupled 

to the other element or intervening elements may be present.  In contrast, when an 

element may be referred to as being “directly connected” or “directly coupled” to 

another element, there may be no intervening elements present. 

 

Unless otherwise defined, all terms (including technical and scientific terms) used 

herein have the same meaning as commonly understood by one of ordinary skill in 

the art to which this inventive concept belongs.  It will be further understood that 

terms, such as those defined in commonly used dictionaries, should be interpreted 

as having a meaning that may be consistent with their meaning in the context of the 

relevant art and will not be interpreted in an idealized or overly formal sense unless 

expressly so defined herein. 

 

Many different embodiments have been disclosed herein, in connection with the 

above description and the drawings.  It will be understood that it would be unduly 

repetitious and obfuscating to literally describe and illustrate every combination and 

sub-combination of these embodiments.  Accordingly, the present specification, 

including the drawings, shall be construed to constitute a complete written 

description of all combinations and sub-combinations of the embodiments described 

herein, and of the manner and process of making and using them, and shall support 

claims to any such combination or sub-combination. 

 

In the drawings and specification, there have been disclosed embodiments of the 

disclosure and, although specific terms may be employed, they may be used in a 

generic and descriptive sense only and not for purposes of limitation.  The following 

claims may be provided to ensure that the present application meets all statutory 

requirements as a priority application in all jurisdictions and shall not be construed as 

setting forth the scope of the present management venue system. 
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CLAIMS 

 

What is claimed is:  

 

1. A non-transitory computer-readable storage medium storing instructions that, 

when executed by a processor, cause the processor to perform a method for 

allocating resources across multiple venues within a venue area, the method 

comprising: 

 receiving visitor data from a plurality of individuals within the venue 

area, wherein the visitor data correspond to location information and 

movement patterns of the individuals within the venue area; 

 receiving venue data from the multiple venues, wherein the venue data 

includes occupancy levels and available capacity; 

 determining a venue occupancy distribution by applying a predictive 

computational model based on received venue data and visitor data; 

 generating a venue control instruction based on the determined venue 

occupancy distribution to control the occupancy distribution, wherein the 

control instruction is configured to control access to one or more venues 

within the venue area for at least a subset of the plurality of individuals; and 

 transmitting the venue control instruction to at least one venue 

management system controlling the access to at least one venue within the 

venue area.   

 

2. The non-transitory computer-readable storage medium of claim 1, wherein the 

predictive computational model processes historical venue data and real-time 

visitor data to determine the venue occupancy distribution. 

 

3. The non-transitory computer-readable storage medium of claim 1 or 2, 

wherein the predictive computational model applies machine learning-based 

clustering techniques to group visitor data based on movement patterns. 

 

4. The non-transitory computer-readable storage medium of any one of claims 1 

to 3, wherein the predictive computational model computes a probability score 

for each venue based on expected visitor arrivals within a predefined time 

window. 
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5. The non-transitory computer-readable storage medium of any one of the 

preceding claims, wherein the venue control instruction corresponds to entry 

permission adjustments for at least a subset of the plurality of individuals 

based on the determined venue occupancy distribution. 

 

6. The non-transitory computer-readable storage medium of any one of the 

preceding claims, wherein the venue control instruction corresponds to queue 

configuration parameters, which are processed by the venue management 

system to modify queue arrangements within the venue area. 

 

7. The non-transitory computer-readable storage medium of any one of the 

preceding claims, wherein the venue control instruction corresponds to venue 

redirection parameters, which are processed by the venue management 

system to direct at least a subset of the plurality of individuals to a different 

venue within the venue area. 

 

8. The non-transitory computer-readable storage medium of any one of the 

preceding claims, wherein the venue management system processes the 

venue control instruction to control an electronic entry system that regulates 

access to the venue area. 

 

9. The non-transitory computer-readable storage medium of any one of the 

preceding claims, wherein the venue management system processes the 

venue control instruction to update a mobile application associated with at 

least a subset of the plurality of individuals to provide venue access updates. 

 

10.   A system for allocating resources across multiple venues within a venue area, 

comprising: 

at least one processor; 

 a memory storing instructions, wherein the instructions, when executed 

by the processor, cause the processor to:  

receive visitor data from a plurality of individuals within the venue area, 

wherein the visitor data correspond to location information and movement 

patterns of the individuals; 

receive venue data from multiple venues, wherein the venue data includes 

occupancy levels and available capacity; 
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apply a predictive computational model to determine a venue occupancy 

distribution based on the received visitor data and venue data; 

generate a venue control instruction to control venue access based on the 

venue occupancy distribution, wherein the instruction adjusts at least one of: 

access permissions to one or more venues,  

queue management parameters,  

visitor routing recommendations; 

transmit the venue control instruction to at least one venue management 

system controlling access to at least one venue within the venue area. 

 

11. The venue management system of claim 10, wherein the venue occupancy 

distribution are updated in real time based on continuously received visitor 

data and venue data. 

 

12. The venue management system of claim 10 or 11, wherein the predictive 

computational model adjusts weighting parameters when deviations between 

predicted venue occupancy and actual venue occupancy exceed a predefined 

threshold. 

 

13. The venue management system of any one of claims 10 to 12, wherein the 

venue management system processes the venue control instruction to 

dynamically modify access conditions based on environmental conditions 

within the venue area. 

 

14. The venue management system of any one of claims 10 to 13, wherein the 

venue management system processes the venue control instruction to restrict 

access to a subset of venues based on preassigned visitor itineraries. 

 

15. A venue management system for regulating visitor access across multiple 

venues within a venue area, wherein the venue management system 

comprises a system for allocating resources according to claim 10, the venue 

management system further comprising: 

 a venue data acquisition module configured to obtain venue-specific 

occupancy levels and available capacity; 

 an occupancy distribution prediction module configured to apply a 

computational model to generate a predicted venue occupancy distribution 

based on received visitor and venue data; 
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 a venue access control module configured to process the venue control 

instruction from the venue management system of claim 10, wherein the 

instruction modify at least one of: 

physical or digital access permissions for specific venues,  

queue assignment parameters for visitor entry regulation,  

 visitor redirection recommendations based on occupancy distribution 

forecasts; 

 a communication interface configured to transmit the venue control 

instruction to at least one of: 

an electronic entry system,  

a digital queue management interface,  

a visitor guidance display system. 

 

16. The venue management system of claim 15, wherein the venue access 

control module generates a venue control instruction corresponding to entry 

permission adjustments, which the venue management system processes for 

implementation. 

 

17. The venue management system of claim 15 or 16, wherein the venue control 

instruction corresponds to venue redirection parameters, which the venue 

management system processes to direct at least a subset of the plurality of 

individuals to a different venue within the venue area. 

 

18. The venue management system of any one of claims 15 to 17, wherein the 

occupancy distribution prediction module updates the predicted venue 

occupancy distribution in real time based on continuously received visitor data 

and venue data. 

 

19. The venue management system of any one of claims 15 to 18, wherein the 

occupancy distribution prediction module adjusts model parameters when 

deviations between predicted venue occupancy and actual venue occupancy 

exceed a predefined threshold. 

 

20. The venue management system of any one of claims 15 to 19, wherein the 

venue access control module generates a venue control instruction 

corresponding to venue access restrictions for a subset of venues based on 

pre-assigned visitor itineraries. 


