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It suggests a design that makes sensor networks in the Internet of Things 

(IoT) more energy-efficient by connecting them to LoRaWAN and 

combining edge computing. The main purpose of the framework is to tackle 

the main issues of energy use, slow response times and repeating data found 

in large-scale IoT projects, mostly in smart cities and remote monitoring. 

LoRaWAN’s abilities in ultra-low-power and long-range connection, in 

addition to the processing power at the edge, ensures that critical services can 

be managed directly on-site, while also making sure the system is not overly 

reliant on the cloud and reacts promptly. Smart data filtering is used to 

process and compress data from sensors at the edge which reduces the 

pointless transmission of large amounts of data. It also relies on local 

algorithms to pick out and handle critical situations occurring near the edge 

without needing approval from the cloud. Also, adaptive duty cycling is used 

so that nodes can change activity level based on the situation and what needs 

to be done, leading to much more efficient usage of energy and an extended 

network life. Reviews are carried out by running simulations and installing 

the system in smart agriculture, monitoring the environment and servicing 

industry situations. The amount of power used, how fast commands are 

executed, and the rate of delivered packets and responsiveness are monitored 

and measured against traditional approaches using a centralized system. 

Based on the results, energy efficiency is much better, bringing about a 40% 

lower electricity demand, plus greater accuracy in data and faster speed in 

functions. With this work, IoT networks focused on sustainability and real-

time intelligence can now rely on a reliable and scalable option, encouraging 

more autonomous, dependable and responsive sensing systems. Using this 

approach, people can set up energy-aware intelligent IoT systems in new 

smart communities. 
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1. INTRODUCTION 
The Internet of Things (IoT) is quickly changing how real-world things are connected with the 

digital world, making it possible for sensors, actuators and smart systems to unite and support monitoring and 

control in many fields. Many modern cyber-physical systems depend on IoT sensor networks which support 

precision agriculture, real-time health monitoring and environmental surveillance, along with automation at 

factories [8]. Many sensor devices in these networks monitor real-world data and send it to central servers or 

cloud platforms for closer examination and choice-making. But, because most of these nodes are battery-

powered, it is often not possible to regularly service or replace the batteries in locations that are remote and 
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hard to access. Because of this, designing for energy efficiency is very important to help IoT systems be 

sustainable and grow [9]. 

Wi-Fi and Bluetooth, standard wireless technologies, cannot cover long range tasks because of their 

low power and local range. Alternatively, Low Power Wide Area Networks (LPWANs), notably Long Range 

Wide Area Network (LoRaWAN), have appeared as the best alternative for this purpose. With very low 

energy usage and a long range, up to several kilometers, LoRaWAN is ideal for placing many sensors in both 

rural and urban areas [10]. Thanks to a star-of-stars design and adaptive data rate (ADR) features, Zigbee 

devices can communicate asynchronously and in a periodic manner, making their lifespan much longer. 

While these networks have clear advantages, there are still problems such as high latency when sending data 

from the network to the nodes, network congestion in places with many nodes used and send inefficiencies 

for non-critical or redundant data [11,12]. 

 

 
 

Figure 1. Integration of Edge Intelligence with LoRaWAN-Based IoT Sensor Networks 

 

For this reason, edge computing is being studied more in IoT to help handle these issues and 

optimize energy use. This means setting up processing power right inside the edge, either in the sensors or 

gateways which lets data be analyzed nearby. Because this processing happens close by, needless data can be 

discarded, abnormalities can be found right away and actions can start without requiring data be sent to 

remote cloud services. Because the paradigm decreases latency and bandwidth, it also causes less wireless 

transmissions which saves energy. 

Combining LoRaWAN with edge intelligence gives a strong approach to building sustainable and 

cost-effective IoT networks of sensors. With software and hardware suitably developed, it becomes possible 

to reactively handle sensing and communications according to the situation of the environment, how much 

power is left in each node and how important the data is. It proposes a new combination of LoRaWAN and 

edge intelligence that improves how long, quickly and efficiently IoT systems operate. This work offers: (i) 

an adaptive process for handling real-time data and detecting anomalies, (ii) energy-friendly policies during 

transmission influenced by environmental and operation conditions and (iii) in-depth performance testing 

using both simulations and practical installations in several smart environments. My research attempts to 

illustrate the usefulness and ability of the approach to help IoT sensor networks become sustainable and 

growing. 

 

 

2. LITERATURE REVIEW 
The change in IoT sensor networks has come with the increasing demand for ways to save energy 

and maintain reliable data transmission over significant areas. Since ZigBee, Wi-Fi and Bluetooth Low 

Energy (BLE) are not designed for long-distance communication or lengthy battery usage, they are not the 

best choice for networks that require reaching large areas or running on batteries alone. Because of this, Low 

Power Wide Area Networks (LPWANs), especially Long Range Wide Area Network (LoRaWAN), have 

started to gain more attention. By using Chirp Spread Spectrum (CSS), LoRaWAN avoids interference and 

enables user devices to communicate far across the network using just a little energy. Several researchers 
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such as Augustin and colleagues [1] and Centenaro and colleagues [2], have shown that LoRaWAN can 

handle many years of low-power, long-lasting use which makes it suitable for time-tolerant tasks such as 

monitoring farms and natural resources. Even so, LoRaWAN has several limits; the tight timing for data 

transmission, collision risks in less well-spaced networks and its difficulty in growing cause major issues, 

especially when many devices constantly send redundant or non-priority data [3]. 

Some proposed changes include: better scheduling of communications, using MAC protocols that 

save power and adjusting how data is transmitted. Dynamic duty cycling, wake-up radio systems and event-

driven data reporting are all effective at cutting back on extra use of data and saving energy. Even so, a lot 

these methods still require data to be handled by a central server which can result in longer wait times and 

make it more likely for bottlenecks to form. Lately, edge computing has been recognized as a possible 

solution by moving data processing away from large cloud servers to gateways or sensors locally. Real-time 

decisions can be made, data filtering is done locally and anomalies are found earlier. Premsankar et al. [4] 

pointed out that edge intelligence can help make systems use less energy, communicate faster and improve 

responsiveness. What is more, TinyML allows machine learning models to run on very low-power 

microcontrollers, so devices can carry out important functions such as recognizing signals and anticipating 

trends by themselves [5]. 

Using edge intelligence along with LoRaWAN tech provides a type of network that handles the 

issues of saving energy and responding in the present. Studies have recently been done that evidence that 

using edge infrastructure in a LoRaWAN network greatly improves the system’s functionality. Yu and others 

[6] suggested using edge gateways that give permission to nodes to transmit only what is most important at 

the time, preventing overcrowding and extending the life of the devices. In a similar manner, Ali et al. [7] 

used edge-based anomaly finding in smart agriculture which greatly reduced both transmission and power 

usage. They emphasize how using edge processing saves data traffic and cuts back on power usage. Even so, 

researchers must still address some issues, among them is distributing computation tasks among nodes, 

working on making AI models smaller for less advanced devices and understanding the pros and cons of 

trading energy for reduced communication. It further improves on the mentioned studies by introducing a 

brand-new framework that integrates both optimized local functioning with smart network transmission, 

aiming to boost the energy efficiency and scale of LoRaWAN IoT sensor networks. 

 

 

3. SYSTEM ARCHITECTURE 

Achieving energy efficiency in IoT sensor networks is the goal for this system architecture which 

merges low-power communication on LoRaWAN with the edge intelligence close to the sensors. The main 

components of the overall design are sensor nodes, LoRaWAN gateways and edge processors. They have 

sensors for gathering data on the environment or industry (such as temperature, humidity and motion), a 

LoRa device to transmit data and a microcontroller that uses low power and can run simple machine learning 

models. Once nodes have the data, they transmit it to nearby LoRaWAN gateways which help pass the data 

up to either the network or cloud server. Several sensors are grouped around a gateway and there can be 

many gateways connecting to an edge server or fog computing layer for real-time coordination. 
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Figure 2. Proposed Energy-Efficient IoT System Architecture with LoRaWAN and Edge Intelligence 

 

The integration of edge intelligence modules, like TinyML frameworks (such as TensorFlowLite for 

Microcontrollers), in the sensor nodes or gateways is a major advance in this architecture. Thanks to 

modules, these smartbase modules can immediately carry out anomaly detection, data compression and event 

triggering, saving energy by reducing how many transmissions happen. In addition, at the node level, special 

strategies are used, for example, cycling power usage, scheduling tasks according to how much energy is 

needed and adapting to the surroundings using sleep mode control. When sensor nodes decide automatically 

when to transmit, depending on their own inferences, less data is retransmitted and the batteries are used 

more efficiently. The edge processor is crucial for merging and reviewing data from all the components, 

spotting patterns and deciding on network aspects including power and data rate which helps sustain the 

system over time. 

 

 

4. METHODOLOGY 

 

4.1. Data Collection and Local Processing Workflow 
In the proposed IoT architecture, collecting and processing data is done to make sure energy is not 

wasted and all environments are well monitored at the right time. At the heart of the system are distributed 

sensor nodes that are able to measure temperature, humidity, amounts of particulate matter, gas levels, 

vibration and motion using their low-power sensors. The microcontroller unit (MCU) acts as the main 

processor in every node and is linked to the sensors. Rather than sending all sensor information from each 

device directly to a single server, this style keeps some data locally and runs initial analysis on the device to 

cut back on unnecessary traffic. 

At first, MCU buffers capture and save the results from the sensors. Because of this buffering, the 

system can spot trends and unusual patterns in sensor data by reviewing a set time period and see if the 

readings are still normal. Since ARM Cortex-M series, ESP32 and similar platforms use little power and 

work with TensorFlowLite for Microcontrollers, they are commonly used in IoT devices. They help run pre-

trained machine learning models on the device itself, so that the smart device can make decisions locally. 

In an example with smart agriculture, a soil sensor might always log data, but only send it via 

LoRaWAN if the moisture falls too low or drops quickly to signal that irrigation may be necessary. Likewise, 

adding a vibration sensor to a motor in an industrial setting lets the model quickly detect unusual vibration 

signals and only sends an alert when something is wrong, warning about possible wear or failure. 
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Thanks to this strategy, LoRaWAN uses less energy for communication which is the most energy-

heavy part of wireless sensor networks. The system saves energy and prevents congestion in the network by 

transmitting useful, relabelled or triggered data alone. In addition, nodes can change their actions according 

to what is happening in the environment. When activity is slow or the conditions are consistent, the system 

may use less energy by pausing all processing and data sending, only monitoring for changes. When it 

detects something unusual or major, the node will enter active detection, start processing and exchanging 

information in real-time. 

 

 
 

Figure 3. Proposed Edge-Intelligent LoRaWAN Node Workflow 

 

Having edge intelligence and operating using both active and passive modes lets these devices use 

energy efficiently and operate without maintenance in challenging, isolated areas. The suggested workflow 

ensures that the network operates well, responds quickly and can be scaled up which supports a solid and 

effective IoT sensor environment. 

 

4.2. Energy-Aware Data Filtering and Event Detection Algorithms 
Communication takes the most energy in IoT sensor networks, especially in locations where 

batteries must last a long time. A two-tier energy-saving data processing method is suggested which works 

by combining historic statistical filters with the latest machine learning techniques to recognize important 

events live at the sensor node. Lightweight statistical methods embedded in the sensor node microcontrollers 

are used by the first layer to decide on the relevance of collected data. All incoming data goes through a 

standard threshold filter; this lets the node discard any information that matches the set standard for normal 

operations. This means, if the normal operating range of a temperature sensor is between 20–30°C, you might 

ignore or sum up the readings within this range and watch for any real changes. To go beyond this, using 

moving average and variance-based filters permits seeing how things develop and notice both steady and 

rapid changes. They allow us to notice sudden temperature rises or strong changes in vibration without 

collecting every data point which therefore cuts LoRaWAN usage and still ensures the water felt is sufficient. 
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Figure 4. Hybrid Data Filtering and Event Detection Workflow at Sensor Node 

 

TinyML-powered event detection algorithms are added at this step of processing. All the embedded 

models are taught using past data on different state, anomaly and environmental conditions. When uploaded 

to the microcontroller (ESP32 or ARM Cortex-M), the models are able to recognize anomalies, for example, 

mechanical failure, gas leaks, unusual vibrations in machines and unusual movement. The moment these 

patterns are discovered, the node sends an alert or entire event report to the computing system at the edge or 

cloud. When no problems are found at a node, it can choose to compress its data into summaries (such as 

averages/minimums/maximums over a time period) or hold off on any updates until regular intervals. 

A key point is that these TinyML models are designed to take up little RAM and CPU power, so 

their performance does not greatly affect battery life. Many techniques such as quantization, pruning and 

model compression, are applied to lower the model’s size and improve its efficiency in inference. Due to this 

strategy, a device can automatically monitor in a less power-consuming manner when needed, for example, 

during moments of low battery. This makes the data collection reliable, efficient and adaptive to different 

situations. It makes sure that only useful and usable information is sent, while decreasing both messages and 

computing demands on the node. Because of these improvements, power usage declines and as a result, IoT 

sensors last longer and are more reliable when monitoring factories, farms and the environment. 

 

4.3. Adaptive Transmission Control via Edge Inference 
The system works to increase efficiency and reactivity of IoT networks by using an intelligent 

switching control, triggered by intelligences from edge inference. A sensor node is able to make immediate 

choices about its data communication, thanks to inputs from the edge gateway and the node’s own local data. 

It is most important to conserve energy during routine monitoring and still respond quickly when anything 

unusual happens. 

If the environmental measures such as temperature, humidity or vibration are within the average, the 

sensor nodes prefer to keep their communications conservative. Some actions are to postpone regular 

messages, merge data into small summary packets or go into sleep mode to minimize the use of battery. 

Local machines working at the edge analyze sensor information and regularly predict if it needs attention. By 

doing this, the system cuts back on radio transmissions which is one of the main tasks that use most battery 

power in IoT devices, allowing nodes to last longer, even in areas far from humans. 

On the other hand, if there is a potentially dangerous situation—such as fire risk from a sudden 

temperature, problems shown by vibration or gas leaks–a surge of inference engine notifications interrupts 

the usual exchange. It makes data travel on the LoRaWAN network quite fast and reliably by using more data 
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speed, higher transmission power and narrower spreading factor. So, the system can switch from normal to 

emergency operation while still preserving energy. 

 

 
 

Figure 5. Adaptive Transmission Control via Edge Inference 

 

The flexibility is made possible mainly by the two-way communication system linking the sensor 

nodes and the edge gateway. The gateway collects all sensor data in a central place, reviews the behavior of 

all sensors and sends immediate updates to each node. If the gateway spots network congestion, it might 

direct lower-level nodes to drop their transmission intensity or prolong their time between transmissions to 

stay out of collisions and consume less bandwidth. Also, if the amount of energy in several nodes is 

dangerously low, the gateway can remotely alter how they operate to save power. If a particular area receives 

heightened attention (because of a nearby anomaly), the gateway can further observe those nodes, have them 

report more frequent positions and increase the allocated bandwidth for their communications. 

The closed-loop process in IoT allows the system to adapt and adjust to new situations, both helping 

to save energy and keep things fast. It cuts down on unnecessary data and keeps fast communication 

whenever required. It becomes most useful in big, packed or resource-restricted deployments. It reduces the 

risk of too many requests being queued, prevents having to repeat messages unnecessarily and edges QoS’s 

continuity as things in the environment shift. Thanks to careful adjustments of local data transmission based 

on both local and global factors, the system works efficiently, safe and in real time. 

 

4.4. Network Lifetime Estimation Model 
To determine how long these networks will work in cases where batteries are hard or impossible to 

replace, an overall network life calculation model is designed. To model energy consumption, it connects 

different electronic and operating features such as the energy needed for transmission, idle or sleep mode, 

local processing and how much it is energized by event-driven activities. Every sensor node is modeled using 

the real electrical consumption of hardware like microcontrollers (e.g., ESP32, ARM Cortex-M) and LoRa 

transmitters in various states like sending, receiving, processing and deep sleep. The complete amount of 

energy stored in batteries (mainly in the form of coin cells or rechargeable lithium-ion packs) is also 

considered and used for determining the amount of energy each node can use. With customizable things like 

duty cycles, timing for sensors and transmitting intervals, the model is able to show different patterns in the 

field based on time and changing needs. Simulations provide predictions on energy use and sustainability 

depending on how different designs are set which benefits their developers and users. 

Besides predicting outcomes by itself, the model helps analyze the improvements in performance 

that the edge-intelligent system offers over a traditional classical LoRaWAN network. Replicating the 

simulation settings such as the number of inputs per second, exciting events in the environment and the 

number of wireless devices, allows the model to stress edge intelligence’s main benefits. Particularly, the 

design leads to nodes lasting longer since it blocks unnecessary communication using suitable filters and 

contextual choices. The model also serves to measure the point at which doing certain tasks (example: 

anomaly detection, data summarization) on the device uses more energy than the savings achieved from 

using less wireless data. In places where it’s hard or hazardous for people to work, these insights become 

very useful, like in the forests, oceans or in remote rural areas. In addition, this lifetime estimation method 

makes it possible to use the achieved energy efficiency in real smart sensing systems and helps make better 

choices about IoT deployments. 
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Figure 6. Estimated Sensor Node Lifetime under Varying Transmission Frequencies 

 

 

5. RESULTS AND DISCUSSION 
The effectiveness of the proposed edge-intelligent LoRaWAN-based IoT system was checked by 

carrying out both simulation and actual experiments. Under various conditions, sensor nodes using LoRa, 

microcontrollers and TinyML models were set up to monitor things like air quality and vibrations of 

equipment. Energy usage, the number of data transfers, how fast the network responds and how responsive it 

is were examined for regular and edge-supported networks. There was a big increase in how efficiently 

energy was used when edge intelligence was put into practice. Passively, the system managed to cut energy 

use by 45% thanks to processing data locally, spotting anomalies based on thresholds and picking when to 

send data over the air. The decline in unused transmissions gave the network the chance to enter sleep mode 

more frequently and it never lowered the quality of the transmission or affected the reliability of sending 

data. Only important information from events was sent as a result of local inference which reduced strain on 

the network and extended how long the device could be used on a charge. 

Also, the adaptive control system was shown to handle both the need to save energy and handle real-

time operations smoothly. In case of sudden changes using the environment or strange system errors, the 

sensor nodes rapidly switched on important transmission settings to ensure immediate delivery of the data. 

Because of this adaptability, the system was able to stay aware and ready in situations that called for quick 

actions. When things were stable, the system reduced the amount sent over the network, preventing clogged 

networks and helping to conserve bandwidth. Thanks to real-time analysis by the edge and conversations 

between the gateway and the edge, the network was always in sync and capable of supporting many such 

networking events, even in very dense areas. Based on the network lifetime estimation, edge enhancements in 

LoRaWAN brought about 30% to 50% more longevity to a node as opposed to a LoRaWAN system without 

edge enhancements. These results were largely dependent on transmission frequency, event rate and duty 

cycle, yet consistently proved that handling data at the edge reduces energy bills over the long run. In 

general, all these results demonstrate that putting edge intelligence into LoRaWAN networks not only helps 

with power usage and scalability but also supports practical and eco-friendly deployments, especially for IoT 

in remote, infrastructure-lacking or important locations. 
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Figure 7. Estimated Node Lifetime under Different System Configurations 

 

Table 1. Comparative Evaluation of Traditional LoRaWAN and Edge-Intelligent IoT Systems 

Performance Metric Traditional LoRaWAN Edge-Intelligent System 

Energy Consumption 

Reduction 

Baseline (No Reduction) Up to 45% Reduction 

Transmission Frequency 

Reduction 

Continuous/Periodic Event-Driven / Selective 

Data Latency (Critical 

Events) 

High (Due to centralized inference) Low (Real-time at Edge) 

System Responsiveness Low to Moderate High (Adaptive Modes) 

Estimated Node Lifetime 6 Months 9â€“11 Months 

 

 

6. CONCLUSION  

In summary, the study has designed an IoT sensor network that uses LoRaWAN and edge 

intelligence to get past the problems of using central servers alone. Using machine learning within sensors 

and making transmission more flexible ensures fewer redundant messages, uses much less energy and 

increases network life by more than 30% and less than 50% in some cases. Experiments and actual 

implementations demonstrated that the framework can be used for big, remote and limiting applications such 

as smart farming, awareness of environmental conditions and checking the health of structures. It also helps 

by making local decisions immediately which makes the system more responsive and uses less bandwidth. In 

addition, the architecture helps build a solid basis for expanding intelligent IoT in the future such as linking 

with AIoT systems, using federated learning to shield models and putting in place secure boot and detection 

of unusual activities on the IoT edge. The improvements will help it become self-sufficient, adapt to new 

demands and withstand issues which makes it suitable for upcoming IoT sizes focused on both successful 

operations and constant insight. 
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