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Abstract

As mobile users increase their data consumption, especially in busy public areas, mobile networks
often experience congestion and a decline in users' quality of service. Offloading to wifi: wifi
networks have become a preferred method for mitigating offloading problems in cellular networks,
as they shift some traffic to wifi access networks. Conventional offloading methods often overlook
contextual information such as user movement, application type, network traffic, congestion, and
signal strength, which can degrade performance and user experience. In this Paper, we present a
context-aware wifi offloading framework that makes real-time offloading decisions based on
environmental and user-specific contexts. Context parameters, such as user location, Wi-Fi access
points, the sensitivity of the applications in use, and user movement patterns, enable the decision-
making system to determine the most appropriate network for the data session. The focus of our
work is refining a specific decision-making model that seamlessly integrates with components of
uninterrupted user accessibility, system functionality, overall user satisfaction, and system
engagement efficiency. Across the simulated and real-world congestion scenarios used in our
analyses, the results show marked improvements and significant variances in latency and energy
consumption compared to traditional approaches. Our methodological design is both expert- and
scalable within the domains of network optimization, congestion alleviation in high-volume user
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areas or hotspots, effective movement of user networks, and overall enhancement of user
satisfaction.

Keywords: Context-Aware, WIFI Offloading, Congestion, Public Areas, Mobile Networks,
Network Selection, Performance Optimization.

1 Introduction

1.1 Overview of Issues Relating to Overcrowded Public Wifi Networks

Locations with large numbers of people in proximity, such as shopping malls, airports, stadiums, and
downtown areas, are among the most densely populated spots in the world. The addition of more mobile
devices and data-hungry apps is driving network traffic to even higher levels. This is why user
experience suffers: low data rates and higher latencies, described by Cisco (2023) as sub-optimal. Public
Wi-Fi is used to help people connect to the network; however, poor placement of access points (APs)
leads to network congestion (Romanous et al., 2015). The quality of both cellular and Wi-Fi networks
is subpar in areas with high population density. Even with the advancements of 5G technology, older
cellular network models have yet to address the imbalance in the system. The problem is exacerbated in
ad hoc public Wi-Fi networks, where users experience poor service levels; overlapping signals further
worsen service conditions (Maallawi et al., 2014; Kooshki et al., 2016). This explains the need for more
sophisticated, more intelligent algorithms to better optimize network traffic mitigation across multiple
Wi-Fi interfaces.

1.2 Significance of Offloading Regarding Network Congestion Relief

In studies by (Lee et al., 2013; Aakhari & Aakhari, 2014), the authors consider the traffic-complementing
method, in which cellular network traffic is offloaded to available Wi-Fi networks. This technique is
best suited for networks with numerous subscribers. Offloading data traffic from mobile networks to
Wi-Fi networks helps reduce congestion in the licensed spectrum, improving QoS. This technique is
primarily applicable to public environments with a high density of mobile users. Many current
offloading methods are policy-based, using a fixed rule set. Devices connect to available Wi-Fi networks
based on the signal strength of Wi-Fi access points (APs) (Balasubramanian et al., 2010). Most of these
methods have no consideration of a) user mobility; b) the application's sensitivity (i.e., real-time
streaming video versus background downloading); c¢) the current level of congestion; and d) the energy.
These assumptions yield suboptimal offloading results (Prasath, 2023; Singhvi et al., 2018). An example
of this is moving from a less congested cellular access link to a highly congested Wi-Fi access point
(AP) with signal strength similar to that of a mobile tower. This can significantly degrade the
application's QoS.

Context Network
Context-Aware Collectio Selection
Devices —> ((Af) > ng\)
r g

Wifi/Cellular
Networks Edge /Cloud-based
Decision Engine
[ Context Agent ] N\

Feedback Offloading Decision

Figure 1: System architecture of the proposed context-aware wifi offloading solution
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In Figure 1, the Wi-Fi offloading system optimally manages mobile data usage by maintaining a hop-
switch interface between Wi-Fi and cellular networks. Its architecture consists of Context-Aware
Devices, Communication Networks, Decision Engines, and Feedback Loops. Context agents on user
devices monitor their locations, remaining battery power, the type of apps running, active network
interfaces, and network conditions such as weather and temperature. This data is transmitted over
whichever network interface is available, wifi, or cellular, to a Decision Engine in the Cloud or Edge.
This Decision Engine includes user data analytics, contextual offloading decisions, and user network
performance and context metrics. Offloading decisions and their data value in the previous steps circle
back sufficiently to the Decision Engine, and then the devices. This architecture provides a feedback
loop whose network performance is optimistically immediate (Batiha & Ait Fares, 2023). Hence, they
develop a near-real-time response system to rapidly address system changes. More importantly, it is
complex enough to provide personalized, seamless responses.

1.3 Summary of the Proposed Context-Aware Offloading Solution

This research proposes a context-aware wifi framework that addresses structural context challenges
before network selection. The proposed system incorporates the user's context parameters, including
location, speed, Wi-Fi and AP SNR, and application type, for real-time offloading. The model can
enhance user experience, decrease energy consumption, and improve network efficiency. The
framework uses a hybrid system that integrates a rule-based and a machine-learning approach to better
adapt to dynamic contextual environments (Kumar et al., 2024). For example, real-time video calls are
kept on the network with minimized jitter and delay. At the same time, sensitive downloads are routed
through available Wi-Fi networks even during transient load spikes. This approach minimizes the
number of transitions, saves energy, and retains application-level QoS (Koursioumpas et al., 2021). It is
therefore evident that context-aware offloading tremendously enhances throughput, reduces latency, and
increases user satisfaction, unlike most stationary models. The described system is scalable and can
easily be incorporated into mobile operating systems or existing systems at a low marginal cost. This
solution reduces network congestion for users and improves satisfaction and overall performance in
public networks and spaces, Thanks to context-aware automation. This Paper Will review work on Wi-
Fi offloading and context-aware networking in the context of public network congestion in automation.

Section Il reviews context-aware networking, focuses on automating Wi-Fi offloading, and compares
strategies. Section III delineates context-aware wifi offloading, including its architecture, limitations,
and advantages. Section IV describes the practical implementation of the solution, including its design
and performance requirements, public network environments, and outcome-based functionalities.
Section V describes the evaluation framework, the defined metrics, and the comparisons and analysis of
the methodologies in traditional and contemporary approaches. Finally, Section VI presents the key
findings and most important issues, offers suggestions for further research, and specifies that the context-
aware offloading in public places compromises highly populated systems and their significant
transformative potential.

2 Related Work

2.1 Research Overview of Wifi Offloading Methods

The higher prices and greater availability of mobile data plans create powerful incentives for mobile
data management. Initial frameworks of stream offloading were simplistic. Rule-based approaches were
common. (Mileva & Tikvesanski, 2022) describe one such approach, where simply and statically
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toggling cellular data on and off based on a Wi-Fi signal strength threshold led to suboptimal
Performance. This approach led to optimal resource utilization regardless of environmental dynamics:
offloading strategies, heuristics, and predictive models trained on network state. For instance, offloading
strategies that rely on real-time decision-making based on delay, throughput, and packet loss were more
optimal. Finally, hybrid network models comprising of LTE/5G and wifi have gained traction. An
adaptive multipath TCP (MPTCP) scheme has been developed to allow simultaneous use of wifi and
cellular data without interrupting offloading. Smooth service transitions are essential when mobile users
traverse public spaces such as shopping centers and transit hubs.

The implementation of 5G technology and network slicing enables enhanced mechanisms for
prioritizing service traffic during wifi offloading (Ravindran & Anto Kumar, 2022; Jagan, 2024;
Beyranvand et al., 2016) illustrated the concept of a created flexible network slicing model that provides
a competitive edge to time-sensitive services relative to large volume transfer, and the user experience
is further augmented during congestion periods.

2.2 Investigations of Context-Aware Networking in Public Spaces

The necessity of designing next-generation mobile networks hinges on the principle of context
awareness. Public domains exhibit varying patterns of user mobility, and all devices and applications in
use must be considered for offloading. (Liu et al., 2016) developed a context-aware network selection
model for location, movement speed, and application urgency. Their model achieved an 18%
improvement in average throughput against signaling-based methods (Samizadeh, 2019). Unlike other
networked environments, public places pose unique poles of interference and load balancing. Proposed
a density-aware AP selection algorithm that aims to optimize real-time adjustment of wifi handovers in
relation to crowd density. Field tests on university campuses reported a 30% reduction in handover
failure rates. Another study examines the energy efficiency of mobile devices (Karimov et al., 2024;
Kavitha, 2024; Voiced, 2024; Saidova et al., 2018) have developed a context-aware offloading model
based on a mobile device's battery level that conserves energy without degrading the user experience.
Awareness of edge computing has steadily increased, mostly within context-aware systems. It has been
shown (Baidya et al., 2017) that context inference at airports, libraries, and other public hotspot
locations, while reducing latency, benefits from localized edge-server processing.

2.3 Comparison of Different Offloading Strategies and Their Effectiveness

The effectiveness of offloading strategies depends on how they adjust to situational changes. As noted,
rule-based systems tend to be ineffective, providing little, if any, flexibility (Mehta & Reddy, 2024).
(Qin et al.,2023) proposed an Al-improved system that takes offloading steps using deep reinforcement
learning (DRL), which indeed captures environmental feedback (Chandravanshi & Neetish, 2023). Their
DRL-based model incurs lower packet loss and faster convergence than heuristic approaches. Motion-
sensing techniques further validate the relative inefficiency of static and cost-based systems, as context-
aware systems remain superior. In a smart-city simulation, we evaluated different models and concluded
that context-aware models exceeded expectations in terms of latency, throughput, and satisfaction. User-
centricity marks a shift in the approach to assimilation. (Yousefvand, 2021) created a tailored offloading
strategy that adapts to individual users' needs, such as prioritizing battery conservation or low-latency
communication (Saxena & Menon, 2024). Their study indicates that users rated their experience 22%
higher than with generic offloading solutions.
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3 Context-Aware Wifi Offloading Solution

3.1 Description of the Proposed Solution and Its Components

The solution to the context-aware wifi offloading problem is intended to carefully control high mobile
data usage during public traffic by switching between cellular and wifi networks in real time based on
context. There are several working system components in the solution: the Context Acquisition Module
collects user and device context, such as location, movement, application types, device battery level,
and the network currently in use. The Context Processing Engine analyzes these Contexts and maps their
meanings, such as determining application classes based on their quality of service or network
congestion levels. A mathematical utility function-based decision-making module evaluates the
propriety of staying on cellular or switching to wifi offloading based on network-level metrics, energy
consumption, handoff costs, and a few other factors. Offloading Controllers based on these evaluations
enables seamless network transitions to achieve preferred and worst-case scenarios. A Feedback Loop
system continuously evaluates the network and the user's value perception, enabling policies at different
decision points to be adjusted dynamically. All these components enable an efficient and/or better-suited
offloading technique across the various user contexts.

Context Input(location,
battery, app type)

\_L> Utility Calculation

&
|l> Handoff Execution

Figure 2: Flowchart of the context-aware decision-making process for offloading

Figure 2 describes mobile computing task delegation offloading in a context-aware environment. The
flowchart begins at Context Input, where important contextual parameters are provided, including the
device's geographical location, battery power, and the application in use. All these parameters enable
the Evaluation Context Utility to calculate the offloading value estimate for the given context. These
utility values will be used in the Network Decision phase of controlling the system to determine if
offloading is feasible and which candidate should be selected as the target (edge server or cloud). If
offloading is found to be advantageous, the process proceeds to Handoff Execution, where it interfaces
with the local device and uploads the task to the selected remote resource. The flow follows local device
context-aware and context-sensitive computing paradigms.

3.2 Offloading Decisions and Integration of Context-Awareness

The offloading decision is context-aware in its complete form. Context-awareness operates at a level
higher than signal strength alone. Context-Awareness Offloading Decisions uses heuristics, whereas
traditional methods use fixed or dynamic threshold heuristics. In traditional approaches, heuristics are
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limited to a single signal parameter threshold, with no consideration for other factors. An example of
one set of parameters is the integration of network efficiency and user experience. Mathematically, in
consideration of the parameters already mentioned above, the offloading procedure can be treated as a
problem for optimization:

oren{%)fl}U(o; ) €Y)

Where:

e 0 is the offloading decision variable, which takes the value of 1 when offloading to wifi and
0 when remaining on cellular.

e U(o; C) defines the utility function of offloading with respect to the given context C.

The context vector C is defined as follows:
C ={LV,AB,N} (2)

Where:

e L: User location coordinates

e V: Device velocity or mobility status

e A: Type of application and its QoS parameters

e B: Battery level of the device

e N: Network parameters (congestion in wifi and cellular networks, signal strength)

The utility function U takes into account these factors with their weights based on significance as
follows:

U(0; C) = Wy X Qnet(0, N) + Wy X Qapp(0,4) + W3 X Epgitery (0, B) — Wy X Chanaorf(0,V) (3)
Where:
®  (Qnet(0, N) ascertains the value of network metrics (throughput, latency) given a decision.

®  Qupp(0,A) represents QoS satisfaction of the application regardless of the offloading
strategy employed.

®  Epgitery(0, B) depicts battery energy cost models.

®  Chandoss(0,V) signifies that mobility increases cross-handoff costs and thus the cost of
handoff.

w; denotes parameter values that represent user preferences or policies defined by the network.

The decision-making module computes U for o0 = 0 and 0 = 1, then selects the action that maximizes
utility.
3.3 Offering a Contextual Benefit Balance Wifi Offloading Limitations

Context-aware wifi offloading solutions have context-awareness. This facilitates better on-the-fly
offloading decisions and enriches users' experience by incorporating variables such as users' context,
users' applications, available network resources, and devices' battery state (which should also improve
the overall experience). The consequences also help improve and optimize available network resources
by enhancing connectivity to sensitive applications and balancing usage across cellular and Wi-Fi
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networks. Furthermore, battery-state integration is offloaded, making the solution more practical for
mobile users. There is a feedback loop that the system auto-calibrates to layers of networks and
surrounding users, improving their outcomes. However, this solution also has its limits. There is a
complex distribution of context parameters that is difficult to gather and process in Real-time, which
could burden mobile devices and the network infrastructure and incur costly overhead. Within the
delicate boundaries of user location or application usage, we cross into privacy issues, which could argue
for stronger data protection. User mobility in public places causes handovers, which can increase latency
and connectivity delays. Wi-Fi systems are not always present in public areas; however, offloading
strategies rely on optimally enjoyable, efficiently functioning multiplexed systems. An offloading
system with optimal efficiency considers these factors and balances advantages and disadvantages.

4 Implementation

4.1 Context-Aware Offloading Solution Implementation Details

In developing the context-aware Wi-Fi offloading system, both the client and network sides are
developed in parallel. A lightweight agent is installed on the client device, which may be a smartphone
or tablet, to monitor several location-based contextual variables in real time, such as location, movement,
currently running applications, signal strength, and battery level. This agent queries a decision engine
running in the cloud or at the edge (as per the system architecture) to retrieve context data. This data is
encapsulated into context vectors, which are then sent securely to the appropriate processing element.
On the network side, the decision engine employs a predetermined utility-based model to determine
which network interface (WIFI or cellular) is optimal for data offloading. The system is asynchronous
to reduce disruptions to end users by serving context and performing handoffs during periods of
inactivity or low activity. To maintain the required level of responsiveness, offloading decisions are
implemented within an event-driven architecture. Significant contextual changes, such as a user entering
a high-dataset region or switching to a video call, are sufficient triggers to reconsider real-time
offloading for the context in which the system was operating. The seamless user experience results from
fast handoff protocols that transfer the user's session to known Wi-Fi hotspots via pre-authentication and
cached credentials. Vertical Dynamics also works to enhance payment selection by gathering real-time
feedback on key metrics like throughput, latency, and session stability.

4.2 Public Geographical Area Deployment Considerations

Numerous technical considerations must be addressed to facilitate successful deployments in public
spaces. For example, the number and geographic placement of Wi-Fi-enabled access points should
provide dependable signal coverage in the targeted user zones, e.g., shopping malls, airport terminals,
train stations, and stadiums. These access points must support 802.11r fast handoff extensions and be
manageable by centralized controllers that can stream metadata (contextual load) to mobile clients
directly. Privacy and security are of the utmost importance; thus, secure communication practices such
as TLS should be used for data transactions between the decision servers and the clients. Users of the
public wifi infrastructure cannot be easily abused; therefore, strong authentication and authorization
policies must be in place. On the hardware side, network routers and mobile devices should at least
support dual-interface bandwidth, enabling seamless retention of active sessions when switching
interfaces mid-call. For quick decision-making, an edge computing architecture is recommended.
Decision engines could be deployed on edge nodes, enabling real-time context processing during time-
congested periods. There is a need for more edge nodes to provide reliable stream context update data;
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the number of context updates generated by large crowds can range from hundreds to thousands. System
dependability is enhanced by combining load-balancing mechanisms with fault-tolerant architectures.

4.3 Testing and Evaluation of Performance Results

Testing was first done in public settings using a mobile application prototype that integrated the context-
aware module. Different zone scenarios were tested, including users who remain stationary in high-
density areas, mobile users who move between zones, real-time engagement, and user-delay-tolerant
engagement. Benchmarking was performed by comparing the implementation against previous
strategies that relied on RSSI for offloading. The context-aware system, compared with conventional
methods, improved throughput by 20% on average and reduced connection drops by 35%. For VoIP and
video calls, latency remained within the acceptable range throughout handoffs. When the user was
stationary near high-quality Wi-Fi access points, battery usage was slightly reduced due to the intelligent
offloading strategy. The system demonstrated remarkable flexibility. It handled contextual changes, such
as rapid user movement and fluctuating Wi-Fi quality, with sub-second response times. The system was
overall practical and effective in improving user experience and network performance in hectic
environments.

4.4 Real-World Deployment Challenges and Key Considerations

The predictive models developed to optimize the offloading of Wi-Fi access points performed
exceptionally well in testing scenarios. Nonetheless, several more factors need to be considered in real-
world testing, including:

Environmental Changes: Unlike concise operational scenarios, the environments where they are
deployed, including public exhibitions, transport terminals, and stadiums, have particular infrastructures
and environments. Particular strata, such as the spatial mobility of users, can impact the model's
effectiveness. The framework must possess durability and energy efficiency. Some of these can be
described as scenarios involving other operational electronic equipment and/or areas with high wifi
access point density, which can severely block signals and require the framework to exhibit resilience.

Data Protection: The model must be able to encrypt context-sensitive information, including the
user's position, the mobile device in use, and the details of open applications. The standard security
practices for the target models, such as the use of TLS and other VPN, as well as data protection law
compliance (GDPR or CCPA), will mitigate these privacy issues. More importantly, even with
performed contextual decision making to/from the target user, their identity should remain protected as
being pseudonymous.

Interoperability and Compatibility: The proposed solution should enable interoperability to
deliver value in disparate public venues. Consider a situation when a few access points do not support
the 802.11r protocol, while the protocol ensures seamless handoff; consequently, there may be active
areas where the Performance will deteriorate or be disengaged. Users should not be affected, and the
system should be allowed to revert to using other, less efficient handoff methods with the intention of
maintaining optimum quality.

User Consent and Control: Users do not have to have their consent obtained when contextual
computation is performed on the set of data captured, and users may wish to have their location data
excluded from all or some of the cases. The ability to set individual privacy preferences can be
configured to augment commercialization.
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5 Evaluation

5.1 Metrics for Evaluating the Offloading Solution's Effectiveness

In the assessment of the context-aware wifi offloading solution, special attention was given to the
network performance and the user satisfaction, thus a collection of specific metrics was developed. Some
of these metrics include:

e Throughput (T): Represents the amount of data that is successfully transferred and used by the
clients, expressed in megabits per second (Mbps).

e Handoff Latency (L): The time delay that occurs in cellular to wifi transitions, which is measured
in milliseconds.

o Packet Loss Rate (P): The ratio of lost packets during offloading, signifying stability and reliability.

e Energy Consumption (E): Device's battery depletion for the operation session, quantified in joules
or battery percentage per session of offloading.

e QoS Satisfaction (Q): The fraction of active sessions above the predetermined thresholds for quality
of service (QoS) is defined.

Using the below-mentioned utility equation, these metrics were consolidated into a single
performance measure:

U=a-

)+y-(1—P)+5-(1—EE

max

+ﬁ.(1_LL >+E'Q €))

max max

Where:

a,B,v, 8, € are the assigned weights for each metric, which can be customized based on the relevancy
of the application (considering factors such as real-time Performance, energy conserving, etc.).

The formula normalizes every parameter along with the utility metrics observed so that the value of
each utility score falls within the achievable range of 0 and 1.

5.2 With Comparison to Conventional Offloading Techniques

Conventional techniques offload based on signal strength thresholds (RSSI) or use static policies to
toggle between cellular and wifi networks. Although these techniques are easy to apply, they rely on
poor choices in optimal decision contexts, yielding risk in decision outcomes for responsive and busy
systems. As an example, some device switches to wifi because the signal strength is above a certain
threshold. This may be problematic if the network is congested or if congestion-sensitive applications
are currently running, requiring low levels of latency. Context-aware solution, as mentioned previously,
considers network load, application demands, mobility, and energy levels, and thus can make more
accurate and responsive decisions. Through both simulations and real-world experiments, the suggested
solution proved to surpass traditional approaches. It recorded higher metrics for throughput, lower
handoff latency, and better overall connection stability. While streaming video, for instance, the context-
aware system was able to reduce buffering and resolution drops, but legacy systems often failed to
provide seamless transitions within playback. Moreover, context-aware decisions facilitated better
innovative energy management when offloading placed an unnecessary burden on the battery.
Disregarding optimized routing conditions, as such, the solution intelligently avoided enduring
inefficiencies that mounted under cellular networks typical in conventional strategies.
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The average throughput for users under both traditional and context-aware offloading techniques is
depicted in Figure 3. As with all other context-aware outcomes, it is clear that the context-aware solution
is superior to the traditional method. In high-load environments, for example, traditional offloading
throughput plummets to 6.2 Mbps; in contrast, the context-aware method offers much better throughput
at 10.1 Mbps. The same is true for mobile users (walking and in-vehicle); the context-adaptive nature
aids context-aware users. Network resource utilization is optimized due to better decision-making
depending on real-time contexts like congestion and application types.

14
12
10
8 N —
6 Traditional Offloading
m Context-Aware Offloading
4 N —
2 N —
O T T T
Static user (low Static user (high Mobile user Mobile user (in
load) load) (walking) vehicle)
Figure 3: Throughput comparison
250
200 //
150
/ Traditional (ms)
100 // Context-Aware (ms)
50 —
0
Stationary Walking Jogging Driving

Figure 4: Handoff latency

Context-aware loading has proven to be superior to traditional methods. This hypothesis is further
verified by the data presented in the line chart in Figure 4, which illustrates the increase in handoff
latency due to the augmentation of user mobility under traditional context-aware offloading. Results
indicate that for vehicle occupants, conventional systems experience sharp increases in latencies with a
maximum of 210 ms peak. Context-aware solutions, in contrast, experience no such latency and peak at
only 100 ms in extreme cases, due to timely offloading and service pre-authentication techniques. The
latency reduction improvement allows for real-time services of VoIP and video conferencing to be
enhanced, especially for mobile users who experience frequent handovers in the network.
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Figure 5: Battery consumption per session
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Figure 6: Overall utility score

Battery drain is one of the most important issues with mobile applications. This figure (Figure 5)
analyzes the average percentage of battery drained per session for different types of applications. The
offloading solution, context-aware offloading, performs better in all cases for energy consumption. For
instance, during video streaming, which is an expensive activity, traditional approaches burn around
5.2% battery per session compared to the context-aware method, which lowers it to 3.9%. This is because
the model is more efficient due to its battery-aware nature, which helps avoid offloading during periods
when energy costs are high. The model is more efficient due to the fact that the offloading terminates
when the costs are high, which is especially true in the case of background tasks and web browsing,
where there is maximum impact due to the selection. This column chart (Figure 6) illustrates the value
of the general utility score, which is an aggregation of the different scores, such as throughput, energy
use, packet loss, QoS satisfaction, latency satisfaction, value of QoS, and level of service offered. This
score differs from the operational scenario. The context-aware offloading approach works best on utility
scores in all cases, even in more adverse conditions such as heavy traffic (0.78 against 0.51) and battery
saving scenarios (0.80 against 0.55). These results prove the comprehensive relevance of the provided
solution. The adaptation applied here changes many context parameters at the same time instead of one
at a time, which leads to improvement in Performance boosting alongside optimization, unlike getting
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bogged down in one targeted goal. This makes the proposal actionable since it provides support for
intricate networks and adaptive conditions.

5.3 Discourse on the Implementation and the Scope of the Solution

In relation to real-world implementation, the context-sensitive offloading approach is beneficial to
contemporary urban as well as metropolitan areas, where ever-present network traffic is a common
problem. Its functionality makes responsive and competent actions possible in intelligent transport
systems, smart cities, pedestrian malls, and large public venues like airports and stadiums. Furthermore,
its context-aware offloading is agnostic to the devices in use, as it can be easily embedded into most
contemporary mobile devices with only slight modifications to the hardware. Reduction in context
collection overhead on user devices, in addition to dispersed edge computing, assists in achieving
scalability. The processing burden can optimally be shifted within a number of servers or cloudlets, so
the system is capable of supporting thousands of users with concurrent access without loss in quality of
service. Additionally, with a modular system, coverage can be incrementally increased starting from the
most populated areas or working their way outwards. Despite those issues that need to be fixed, such as
ensuring the provision of uniform wifi coverage, aiding user privacy on the collection of contextual
information, or centralization problems on various network operators of different service providers, for
broad-scale implementation, the system becomes more realistic. Still, if combined with adequate policies
and an underlying structure, it offers an advanced way to deal with public wireless networks.

6 Conclusion

The purpose of this study is to investigate context-aware wifi offloading and how it optimally streams
data for individuals and multifaceted environments in real-time, with the objective to refine user
satisfaction and bolster public network usefulness. Public network performance in multifunctional and
busy environments gains fingerprints to resource offloading based on user geo-coordinates, devices, and
network interconnections. Enhanced public network performance and resource offloading efficiency are
multifunctionally and exceptionally relevant for infrastructure such as venues, transit hubs, and urban
complexes. Expected advances in machine learning, order context recognition, and predicted offloading
models, uninterrupted network service handover strategies, border resource control for heterogeneous
network interconnections, and on-device context data machine storage could be remarkable.
Simultaneously, data context security, data privacy, and below machine supervision loss constraints
invite fundamental work. The gap in public infrastructure, mobile data supervision, and management for
user needs and mobile network release constraints is significant. This study demonstrates context-aware
wifi offloading as resourceful, multifunctional, and user-oriented. In addition, this initiative will
facilitate the implementation of state-of-the-art urban ecosystems, supporting enhanced communication
service access for millions of users globally.
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