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Abstract

This paper introduces an energy-efficient communication structure and an independent data
management plan for Wireless Sensor Networks (WSNs) in a real-time psychology class setting.
Since the contemporary classroom is becoming highly dependent on the continuous collection of
physiological and behavioral data, including engagement tracking, cognitive-load measurement,
emotional-state detection, etc., the provision of sustainable, low-power, and self-organizing sensing
systems is becoming an urgent issue. The suggested framework incorporates adaptive duty cycling,
context-sensitive routing, and lightweight data aggregation to drastically reduce power consumption
while preserving high data fidelity and low latency. Real-time preprocessing, noise filtering, and
event-driven data prioritization are enabled by an autonomous data management layer backed by
edge-level intelligence, ensuring that only valid data is transmitted to the centralized analysis unit.
The protocol also includes predictive load balancing to increase network durability and fault

Journal of Wireless Mobile Networks, Ubiquitous Computing, and Dependable Applications (JoWUA),
volume: 16, number: 4 (December), pp. 522-536. DOI: 10.58346/JOWUA.2025.14.029
*Corresponding author: National University of Uzbekistan named after Mirzo Ulugbek, Uzbekistan.

522



Energy-Efficient Protocols and Autonomous Data Management Jamila Djumabaeva et al.
in Wireless Sensor Networks for Real-Time Psychology Class
Applications

resilience when used in dynamic classroom applications. Simulated psychology-class environment
experimental assessments show significant enhancements in network lifetime, lower communication
overhead, and consistent real-time performance across changes in student activity levels. The paper
notes the possibility of intelligent WSN design to support emerging real-time psychological
analytics, enabling more responsive, data-driven, and energy-aware learning settings.

Keywords: Energy-Efficient Protocols, Wireless Sensor Networks (WSNs), Autonomous Data
Management, Real-Time Monitoring, Psychology Class Applications, Adaptive Routing, Edge
Intelligence.

1 Introduction

WSNs have emerged as a core platform in current pervasive computing systems, especially in systems
that require pervasive, real-time behavioral and physiological monitoring. An average WSN comprises
sensor nodes distributed spatially that collaborate to sense, compute, and transmit data to a central node.
Nevertheless, the drawbacks of these nodes include inherent limitations in battery capacity, limited
computational capabilities, and the loss of wireless communication, which require limited protocol and
system design (Mohamed et al., 2018; Hemalatha & Kamalanathan, 2025). The quality of the
interpretation and the subsequent pedagogical intervention in a learning- and psychology-oriented
context depend on the effectiveness of the underlying WSN, as in the educational context, real-time
notifications about student engagement, stress levels, or cognitive responses may be needed. According
to (Xie et al., 2025), the development of real-time academic sensing environments is increasing rapidly,
placing pressure on WSNs to maintain long-term deployment in dynamic, crowded areas.

In this context, energy-efficient protocols have become a significant area of research. The energy
management process spans all layers of the WSN stack, including MAC scheduling, data aggregation,
and cluster formation, as inefficient energy use often leads to premature node failures and coverage gaps
(Rault et al., 2014; Adabi & Sharifi, 2015). Research on energy constraints in large-scale networks has
shown that node resource consumption increases over time, particularly under information-intensive
workloads (Cao et al., 2017). Multimodal measures, such as electrodermal activity, accelerometer cues,
and audio-based indicators of behavior, increase the amount of sensor data in psychology classes. The
protocols to be used in such environments should then be able to adjust the sensing rate, prioritize critical
packets, and minimize forwarding redundancy. Available solutions, such as duty-cycling, load-adaptive
clustering, and cross-layer optimization, have shown encouraging results, but their stability in real-time
academic conditions remains an open issue (Yadav & Yadav, 2016). More recent thinking suggests that
adding deep-learning-based energy predictors can extend node lifetime while meeting latency
requirements, especially in an loT-based educational system (Kolhar, 2025; Hugh & Soria, 2025).
Likewise, empirical studies suggest that classroom-specific routing protocols are more effective than
generic WSN protocols because they can adjust the transmission interval based on the level of student
activity (Kumar & Sathishkumar, 2025).

This diagram (Figure 1(a)) depicts the general layout and information flow of the proposed wireless
sensor network for real-time applications in a psychological context. The sensor network domain
consists of distributed sensor nodes that sense events together and relay the sensed information via multi-
hop communication to the sink node. After the data is passed to the sink node, it is relayed over the
Internet to the end user, where it is interpreted in real time. The diagram emphasizes the network's event-
driven nature: only relevant events trigger communication, thereby conserving node energy and enabling
autonomous data processing within the system.
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Figure 1(a): Conceptual overview of energy-efficient and autonomous wireless sensor network
operations

In addition to the efficiency of the protocols, autonomous data management is needed to maintain
continuous, real-time applications. Data produced by sensors are usually redundant, noisy, or irregularly
spaced. When used in psychology classes, students' inconsistent behavior can make the data load uneven,
potentially overwhelming traditional routing structures. Independent data management systems also
strive to share this burden through combining local edge processing, dynamic buffering, and context-
driven filtering. An example is edge intelligence, which enables nodes to compute important behavioral
indicators locally rather than relaying raw sensor streams, thereby decreasing communication costs
(Maturi, 2024). Analogous methods have been considered in scholarly sensing applications, where
blockchain-based data trails and context-based routing reduce unnecessary messages and conserve node
energy (Xie et al., 2025; Zigui et al., 2024). Also, behavioral analytics based on data clustering shows
that routing decisions informed by psychological patterns can minimize transmission costs and improve
real-time interpretability (Shanmugam et al., 2023). The idea of energy-aware data management is also
supported by experience with building-energy WSN systems, which demonstrate that autonomous
control systems have a significant positive effect on the durability and stability of distributed sensing
systems (Kazmi et al., 2014). Comprehensively, autonomous data management, together with energy-
conscious protocols, provides a unified platform for operating sustainable WSNs in psychology classes,
enabling sustained monitoring without loss of network life or data integrity.
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Figure 1(b): System architecture of the proposed energy-aware and autonomous WSN framework
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This architecture (Figure 1(b)) will be used to display the end-to-end processes of the suggested
energy-aware and autonomous WSN framework, in which autonomous sensor nodes gather
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environmental data and transmit it to a local autonomy module that makes decisions for the nodes. This
processed information is then forwarded to the energy-aware routing layer, which dynamically chooses
the best low-power communication paths to the sink or base station. Lastly, the combined data is sent to
the data-processing server for advanced analytics to achieve efficient, adaptive, and energy-optimized
network operation.

The rest of this paper is structured to present the proposed ideas in a logical sequence. The following
section analyzes some energy-efficient protocols and compares their advantages and drawbacks in the
context of real-time sensing requirements. This is then closely followed by an explanation of
autonomous data management: how nodes will autonomously prioritize, filter, and control information
without the intervention of other systems. This is followed by a results section presenting performance
observations, supported by metrics and visual analysis, to demonstrate the practicality of the proposed
strategies. Based on these findings, the following section presents perspectives on the great prospects
for the future, including new trends, technical issues, and possible paths of future development. The
paper concludes with a summary of the main contributions and reflections on the overall implications
for the development of wireless sensor networks.

2 Energy-Efficient Protocols

The development of energy-efficient protocol design in Wireless Sensor Networks (WSNs) has shifted
beyond simple device and communication duty cycling to more complex, context-based communication
protocols. Initial protocols were mainly based on periodic sleep/wake scheduling to reduce radio
transceiver use. However, subsequent experience showed that newer protocols would need to be more
adaptive to accommodate heterogeneous node roles and dynamically varying application loads. For
example, load-sensitive routing plans aim to evenly distribute communication across nodes to avoid
energy hotspots that shorten the network's lifetime (Zuhairy & Al Zamil, 2018). Cluster-based protocols
are still commonly used, especially in high-density node deployments. Optimized clustering techniques,
such as enhanced bio-inspired models, have been observed to improve stability periods and reduce the
number of redundant transmissions, particularly in mobility or imbalanced node energy (Shalu &
Sarobin, 2024). Outside of land-based WSNss, application-specific areas such as underwater sensing pose
additional limitations, including acoustic propagation delays and unreliable links, which require
alternative energy sources and control mechanisms (Felemban et al., 2015). In all these areas, the main
goal is the same: reduce unnecessary communication while maintaining a satisfactory level of quality of
service (QoS). This problem is studied in depth within the framework of QoS-constrained routing
(Abdelaal et al., 2016).

The comparative analyses show that no single energy-efficient protocol works well across all WSN
setups. Protocols used in healthcare and body-area-sensing environments are typically focused on low-
latency packet delivery and ultra-low power consumption, since the measured signals are physiological.
Jain et al., (2022) demonstrate that hierarchical forwarding with context-aware sampling is exceptionally
efficient with wearable systems, where nodes often have minimal battery capacity. On the other hand,
the multi-hop adaptive routing strategies of the loT-based agricultural monitoring approach can bring
additional advantages by mitigating spatial redundancy and enhancing environmental stability (Mowla
et al., 2023). Mobile aid protocols, designed to work in networks where sink nodes or actors of interest
move, can achieve better results than more basic clustering strategies when the task is field surveillance
or mobile classroom analysis. The multi-hop mobility-supported protocols proposed by Prusty et al.,
(2016) are hybrid, thereby balancing energy depletion among heterogeneous nodes more effectively than
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fixed cluster heads. Meanwhile, protocols that combine compression, predictive aggregation, and
selective retransmission achieve a significant reduction in communication overhead, as shown by
Chéour et al., (2018). Comparative analyses, therefore, focus on the fact that the efficacy of a protocol
is highly influenced by node mobility, the density and heterogeneity of energy sources, and an
application's tolerance to delay and packet loss (Ali et al., 2017).

Although it has made significant strides, several challenges remain that make it difficult to design an
energy-efficient WSN protocol. To begin with, the volatility of real-time information sources, especially
in human-centric systems, generates the changing traffic patterns that the traditional deterministic
models cannot explain. Another concern is energy imbalance; although advanced clustering algorithms
can be used, certain nodes may be overloaded if the application-layer requirements change unpredictably
(Zuhairy & Al Zamil, 2018). The most challenging aspect of designing protocols that can achieve QoS
while simultaneously reducing energy is particularly challenging in heterogeneous networks, where
node capabilities can vary dramatically (Khan & Pathan, 2018). Scalability is another challenge:
methods that work well at a small scale tend to fail at a large scale, in part because of the additional
overhead of control and its complexity. Moreover, with mobility, fault tolerance, and security, there are
additional computational cost layers that need to be carefully managed to prevent undermining energy
savings (Abdelaal et al., 2016). Lastly, implementing cross-domain applications such as agriculture,
underwater sensing, and real-time behavioral monitoring requires protocols that accommodate a wide
range of environmental factors, making it challenging to achieve universal energy solutions. The ability
to balance adaptability, overhead, and long-term energy preservation remains an open area of research
(Mowla et al., 2023).

3 Autonomous Data Management

3.1 The Significance of Autonomous Data Management in Real-Time Applications

Autonomous data management is central to real-time wireless sensor networks because sensing
environments are prone to unpredictable changes in data volume, event rate, and communication quality.
When operating in applications where human behavior is being monitored, the environment is changing,
or physiological indicators are being used, the network must also make quick decisions about which data
to obtain, which to compress or drop, and when to send data to the upper layers. When such decisions
are made based on predetermined (static) rules, the system is soon overloaded during high-activity
periods or consumes more energy during low-activity periods. The autonomous mechanisms permit
every node to process local conditions, e.g., buffer occupancy, energy levels, or estimated event
importance, and to implement actions without being forced to do so by a central controller.
Consequently, the Latency is limited even during high traffic, and the network can sustain continuous
work despite resource constraints.

Figure 2 depicts the sequential pipeline operations of the suggested approach: sensor-based data
collection, local edge-level processing to extract meaningful features, event scoring to assess the
importance of observations, and utility evaluation to determine whether transmission is needed. Based
on this analysis, only the relevant events are relayed by the nodes, thereby saving energy, and all valid
information is gathered efficiently at the sink.
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Data acquisition

Local processing
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Utility evaluation

Conditional transmission

Aggregation at the sink

Figure 2: Workflow of the autonomous event-aware transmission

3.2 Methods of Autonomous Data Management

Techniques have been designed to manage data autonomously in three general categories, including
local processing, adaptive data reduction, and distributed decision mechanisms. Local processing
enables sensor nodes to encode raw data into small formats. A node can calculate short-time statistics,
such as variance, entropy, or gradient magnitude, to assess the presence of meaningful changes in the
captured signal. Adaptive data reduction methods, such as event-based sampling or prediction-based
suppression, assume that a node sends data only when a deviation from an expected value exceeds a
threshold. As an example, a node that models its sensed data using a simple linear predictor

X(@t) =ax(t — 1)+ b (D
will report only when the residual

r(t) = [x(t) — (0| (2)
exceeds a predefined . The distributed decision strategies are based on lightweight interactions
between neighbouring nodes to minimize redundant transmissions. The nodes communicate summaries
or hashed signatures of perceived patterns, enabling them to determine whether multiple sensors are
capturing the same events.

3.3 Proposed Autonomous Data Management Model

The suggested model combines predictive suppression, event-aware sampling, and distributed load
balancing into a single model. Each node is in three internal states: residual r(t), local energy E(t), and
the neighborhood load estimate L,(t). A complex utility function determines the transmission
decision.

E(t)

U@ =ar®)+p (1 - ) +¥ Ln () (3)

Emax

Moreover, «,,and y regulate the significance of events, energy scarcity, and neighbourhood
congestion. Only when U(t) >= a dynamic threshold that depends on the past traffic conditions, a node
transmits.
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Algorithm: Autonomous Event-Aware Transmission (AET)

Input: Current sample x(t), previous sample x(t-1), energy E(t)
Initialize: 0, a, B, y
1. Compute prediction: x(t)=a x(t-1)+b
2. Compute residual: r(t) = [x(t) — X(t)|
3. Estimate neighborhood load L._n(t) via short beacon exchanges
4. Calculate utility: U(t) = a r(t) + (1 — E(t)/E_max) +y L n(t)
5. IfU(t) > 6:
Transmit x(t)
Else:
Suppress transmission and update the prediction model
6. Periodically adapt 6 based on queue stability and link quality

Output: Transmission or suppression

The Autonomous Event-Aware Transmission (AET) algorithm allows each sensor node to decide
when to transmit data by considering the event's importance, residual energy, and neighbors' load, using
a single utility function. The node, instead of transmitting all captured samples, predicts probable values,
measures the disparity, and transmits only when the utility exceeds a dynamic threshold, ensuring that
only high-priority, significant information reaches the network. The solution reduces communication
overhead, balances traffic across nodes, extends network lifetime, and maintains real-time
responsiveness in dynamic sensing environments.

3.4 Advantages of Autonomous Data Management in Wireless Sensor Networks

There are several practical benefits of autonomous data management. First, it minimizes communication
overhead by eliminating unnecessary transmissions, enabling nodes to conserve energy and extend their
operational life. Second, the decentralized decision structure is more scalable, with additional nodes or
node density; no central coordinator is necessary to rearrange the data flow. Third, local intelligence
reduces response time, as local nodes can react to important events instantly without negotiating with
other nodes across the network. Fourth, load balancing is distributed to avoid congestion at specific relay
nodes and can significantly affect the packet delivery rate during peak activity. Lastly, the network can
predict future workloads, enabling more efficient distribution of available energy and bandwidth
resources through predictive modeling.

4 Results

4.1 Real-world Examples of Energy-efficient Protocols in Action

It has been demonstrated that energy-efficient protocols deliver practical performance improvements
when implemented in practice for sensing applications such as indoor activity tracking, ambient
monitoring, and classroom analytics. The mechanisms used in these deployments (e.g., protocols that
combine adaptive duty cycling with load-balanced routing) can, by a wide margin, reduce radio-on time
without causing network throughput to fluctuate. To illustrate, in an experiment in a high-density
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classroom, nodes with adaptive scheduling showed nearly equal energy depletion, preventing premature
node failure and ensuring complete coverage throughout the session. The protocol modified wake-
intervals based on the event density, enabling nodes close to the high-activity areas to be a little more
active, but that the deep-end nodes in the network maintain low energy consumption of background
activities. These trends underscore the importance of context-sensitive approach to energy plans in cases
where real time responsiveness is not compromised.

4.2 Implementation of Autonomous Data Management in Wireless Sensor Networks

An autonomous data management was introduced by means of a multi-layered decision engine
incorporated in the firmware of every node. Mattel and Cooja Simulator were used to develop and test
the system and post-processed in MATLAB. Every node had local buffers, predictive models and small
neighborhood monitoring modules. The prediction engine based on the short memory model estimated
the values that are expected to be produced by the sensor and an event detector used to identify deviations
that were significant enough to transmit them. The layer of autonomy minimized communication by
locally selectively blocking superfluous information, and the nodes dynamically set up the levels of
suppression depending on the perceived congestion of links and the state of the internal queue. In a real-
time environment, this mechanism generated smooth traffic flows and avoided bottlenecks around relay
nodes especially when there was a sudden burst of classroom activity, like a group discussion, change
of movement or task changeovers.

4.3 Results and Performance Metrics from Case Studies

The performance analysis was based on various measures that are typically applied in WSN testing.
Energy Consumption (EC) had been calculated as
N
EC = ) (PrxiTeei + ProiTrws + PigtesTiate,) @
i=1

where a transmission duration, receive duration and idle duration were measured per node. Packet
Reliable Ratio (PDR) was in terms of.

P. .
PDR = —Le€ed » 100% (5)

sent

Network lifetime was compared to the time during which the first node depleted their energy, and
Latency (L) compared the end-to-end time between the sensing and the successful transmission of
packets.

Table 1: Energy and Reliability Metrics Under Different Node Loads

Load Condition | Avg. Energy Use per Node (mJ) | PDR (%) | Avg. Latency (ms)
Low Activity 12.4 98.1 42
Medium Activity 19.7 96.5 58
High Activity 27.8 94.2 73

The behaviour of the network under different workload conditions are summarized in Table 1, to
show the effects of the workload intensity on the energy consumption, reliability of delivery, and
response time. As anticipated, increased activity will produce additional sensor events, which will
increase radio consumption and cause increased energy consumption and a minor decrease in PDR
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because of channel contention. The latency also increases slowly as nodes increase traffic. The findings
indicate that the adaptive energy efficient protocols ensure that performance remains constant as the
activity levels vary thus avoiding serious degradation in reliability due to high communication demand.

Table 2: Impact of Autonomous Data Management on Network Performance

Configuration Lifetime Traffic Reduction Event Detection
g Increase (%) (%) Accuracy (%)
Without Autonomy 0 0 82.3
With Autonomous 346 412 91.5
Filtering

Table 2 illustrates measurable improvements made in case the autonomous data management is
turned on. A major advantage of the network is that, redundant transmissions are filtered at node level
which has significantly increased the operational lifetime of the network. Reduction in the traffic adds
to show that a considerable amount of unwarranted packets are blocked without affecting the event-
detection ability, which records a considerable increase in accuracy. Collectively, the above findings
support the fact that autonomy-based decisions improve efficiency and maintain necessary real-time
information, which makes the network more resilient in long-duration deployments.

4.4 Performance Evaluation

The analysis has shown that autonomous data management helps to significantly decrease traffic and
yet retain valuable information. Autonomous nodes used less energy since they did not need to transmit
predictable/redundant samples. This decreased channels contention which directly enhanced delivery
ratios even in high-load conditions. There was a drastic rise in network lifetime especially in areas that
were often subject to network overload. Latency was kept to healthy levels because event triggered
priority was used. The findings indicate that the integration of energy saving protocols, and smart data
autonomy creates a balanced system, which is able to support long time real time sensing tasks.

Latency —8— Config A
Config B

PDR

Lifetime

Figure 3: Multi-metric performance comparison of WSN protocol configurations

The radar plot (Figure 3) gives a relative analysis of various protocol settings in relation to various
important key performance indicators, including the consumption of energy, the latency, the proportion
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of protocol packets sent, and the life of the network. The single plot presented as a trade-off and strengths
by mapping each metric against a radial axis. Variations in the polygon shapes indicate that a given
configuration can be reliable and another has better endurance or responsiveness and the plot can be
handy in evaluating multi-criteria performance in sensor networks.

L

Mode X

Node Y
Energy Consumption ()

Figure 4: Spatial distribution of node-level energy consumption in the sensor field

The heatmap (Figure 4) is used to depict spatial diversities in energy consumption of the node level
within the sensor field deployed. A color intensity directly depends on the amount of energy consumed
by a particular cell thus it is easy to tell where a node is highly utilized or not utilized. This trend can be
used to understand the effects of node positioning, traffic concentration, and routing decisions on overall
consumption, as well as enable engineers to identify hotspots that can be used to minimize stability of
the network in the long term.

90
A .
70 o]

60

Latency (ms)

T
Low Medium High

Figure 5: Latency variability of the network under increasing load conditions

By displaying latency distributions at dissimilar load conditions (Figure 5) medians, interquartile
ranges and outliers are used to compare the distributions of latencies between the various load
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conditions. Such a representation can be used to reveal the influence of load intensity on delay variability
as opposed to the mean values only. The greater the difference in boxes and the median changes with
higher loads, the greater the uncertainty and congestion, and the plot can be useful in assessing
robustness of the protocols in stressful situations.

0.9 1

Residual Energy (])
Qo
w0

Mo Autlonomy Autc:nnom}l.er Enabled
Figure 6: Residual energy distribution with and without autonomous data management

Figure 6 shows the probability distribution of residual energy of the two network configurations with
and without autonomous data management using the violin plot. The smooth curves of its density
wresthes demonstrate the way the autonomy changes the distribution to an increased remaining energy,
meaning better packet filtering and less communication overhead is reached. With this perspective,
configuration choices are easier to evaluate in terms of energy sustainability.

5 Future Directions

5.1 New Tendencies in Energy-Saving Protocols

The next stage of energy conscious protocol design is to move towards more architectures that view the
network as a constantly changing system as opposed to a fixed collection of routing rules. Another
direction in use is the context-driven operation that allows node to adjust their pattern of transmissions,
in response to perceived changes in the ambient activity, changes in the sensed variation, and forecasted
workload. Yet another trend is hybrid communication layers that have long-range connections, but as
well chip in ultra-low-power, local relays, whereby nodes can remain connected without having to go
through unnecessary radio wakeups. Vitality gathering is also being incorporated as a part and parcel of
protocol conduct, such that nodes modify their duty cycles based on their replenishment rate rather than
on the battery charge kept internally. With these developments the network has been pushed towards
self-maintaining behavior eliminating the necessity of manual recalibration in long-term deployments.

5.2 Possible Further Developments of Autonomous Data Management

The autonomous data management will go beyond the scope of event filtering and proceed to complete
local reasoning. Subsequent nodes could potentially have lightweight inference capable of detecting
anomalies, predicting local patterns and making decisions on whether this information is worth
distributing globally. This transition will facilitate a load sharing between the sink and high
responsiveness when the activity is high. Cooperative autonomy is another step expected to be taken by
the neighboring nodes that discuss the significance of their readings and do not transmit similar
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messages. Using such peer-to-peer coordination enables clusters to pack data together and send only the
aggregated insights, which helps to deal with high density. With the ongoing evolution of hardware to
make it smaller and edge processors to be increasingly capable, on-node adaptation will become one of
the key characteristics of real-time sensor workflows.

5.3 Issues and Areas of Future Investigation

Although its growth is promising, there are still a few problems that are yet to be solved. Real-time
behavior accuracy and transmission suppression balancing remains a challenging one to maintain,
especially when nodes have unpredictable workloads. Even the design of autonomy that is not lost to
failure of nodes, or to drifting in calibration is a challenge that is ongoing. Moreover, most suggested
approaches consider constant power sources or optimal communications distances, which are hardly
consistent with actual deployments. These gaps provide a space to develop strong protocol design which
can survive partial failures, noise measurements and changing network density. One other way of
research is to build single assessment systems that can assess the autonomy and energy work in realistic
situations to aid future systems to become more resilient, scalable, and self-driven sensing environments.

6 Conclusion

The paper shows how a wireless sensor network can redefine its sustainability in the long-term with
energy-saving communication schemes and independent data management, especially in an environment
in which real-time and continuous operation is the order of the day. Through the study, the interaction
between adaptive routing, selective transmission and local decision-making, it is found that networks
can still deliver reliable performance despite the rigorous power and bandwidth constraints. These
lessons emphasize a significant change in the way the next generation systems will be structured the
departure of fixed, centrally managed architecture in favor of nodes that are responsible to conserve
resources and make sense of their data. The sustainability to operate without a lot of maintenance as
sensor deployments increase in size and become increasingly networked with human-centric
applications is not only desirable but essential. In the future, improving such methods will necessitate
researchers to evaluate them on more variable conditions, combine new low-power hardware, and
establish a standard of evaluation practices that can measure both efficiency and responsiveness.
Advances in these directions will be used to develop sensor networks that are more resilient and
autonomous and also allow more complex, data-intensive applications in education, healthcare,
environmental monitoring, etc.
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