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Abstract:  
Ensuring stable and efficient records transmission in IoT sensor networks is important due to the 
huge quantities of facts exchanged and the diverse packages consisting of industrial control, 
environmental tracking, and emergency rescue. This paper introduces several advancements 
aimed toward enhancing both safety and performance. We advise the Secured and Intelligent 
Data Transmission Protocol (SIDTP), which leverages reserved bits in the communique header 
to allow users to pick among secure and unsecure modes. This protocol is compared with the 
conventional Wireless Data Transmission Protocol (WDTP) and demonstrates advanced 
spectrum aid usage and better anti-jamming abilties. Additionally, we present a cyclic postpone 
complete variety sensing approach to mitigate network dangers, displaying similar interference 
intensity to frequency and time department duplex techniques. In the world of emergency rescue, 
we recommend an Energy Efficient Emergency Rescue Scheme (EEERS) that optimizes facts 
transmission with high pace and minimal postpone. Simulations on networks of a hundred–500 
sensor nodes reveal that EEERS significantly reduces end-to-stop delay, power consumption, and 
packet loss whilst increasing throughput and packet delivery ratio in comparison to present 
protocols like SAR and SPEED. Furthermore, the examine evaluations advancements in wi-fi 
energy switch for sensor nodes, introducing a hybrid charging scheme that combines 
reinforcement mastering with Type-I and Type-II chargers. This approach complements battery 
lifespan and decreases operational costs as compared to standard techniques. Lastly, an Energy 
Efficient Algorithm for Multi-Hop Wireless Sensor Networks (EEA-MHWSN) is proposed for 
tunnel monitoring in tin mining environments. This method makes use of Voronoi scoping and 
Anti-Colony Optimization (ACO) algorithms for node clustering and energy optimization, 
improving network lifetime and actual-time tracking.  
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Introduction: 
In the hastily evolving landscape of the Internet of Things (IoT), making sure regular and efficient 
statistics transmission in sensor networks has end up a vital venture. IoT sensor networks are 
deployed all through numerous domain names, which include commercial enterprise automation, 
environmental tracking, healthcare, clever cities, and emergency response systems. These 
networks encompass numerous sensors that continuously gather and transmit huge portions of 
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statistics to applicable processing devices or other nodes. The seamless operation of such 
networks is based totally on sturdy statistics transmission mechanisms that cope with both safety 
and efficiency. As those networks handle vital facts associated with business tactics, 
environmental conditions, and personal fitness, they grow to be high targets for cyberattacks. 
Consequently, powerful security protocols must be applied to guard information integrity, 
confidentiality, and authenticity even as mitigating capacity threats and vulnerabilities. 
Simultaneously, the efficiency of information transmission is critical for maintaining the 
performance and reliability of IoT sensor networks. 

 

 
Figure 1 cord connections information transmission techniques 

 
Efficient statistics transmission reduces latency, minimizes power consumption, and optimizes 
the utilization of community assets. Given the restrictions of wi-fi verbal exchange, together with 
restrained bandwidth and energy, it's far essential to develop advanced strategies that beautify 
facts switch fees, reduce cease-to-give up delays, and manipulate electricity consumption 
successfully. This paper explores latest advancements in attaining steady and green records 
transmission inside IoT sensor networks. We introduce progressive protocols and techniques 
designed to cope with the twin demanding situations of protection and performance. This consists 
of the Secured and Intelligent Data Transmission Protocol (SIDTP), which provides adaptive 
security options, and the Energy Efficient Emergency Rescue Scheme (EEERS), geared toward 
optimizing performance in crucial situations.  
 
Literature Review 
The increasing deployment of Internet of Things (IoT) sensor networks throughout various 
applications has driven full-size studies into making sure steady and efficient facts transmission. 
This literature evaluate consolidates great contributions and advancements on this region, 
emphasizing each security and performance elements. 
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1. Security in IoT Sensor Networks:  
 
Recent studies has drastically addressed protection issues in IoT sensor networks. 
Researchers have explored diverse cryptographic strategies, authentication protocols, and 
intrusion detection systems to protect information transmission. A superb development is the 
improvement of lightweight encryption algorithms in particular designed for resource-
constrained sensor nodes. For example, a proposed lightweight encryption scheme balances 
protection with computational efficiency, minimizing performance degradation in sensor 
networks. Additionally, robust routing protocols had been developed to enhance statistics 
integrity and confidentiality. Hwang et al. (2022), for instance, delivered a steady routing 
protocol primarily based on characteristic-based encryption, making sure that most effective 
legal nodes can access the transmitted statistics. Similarly, Singh et al. (2020) developed an 
intrusion detection system that makes use of device studying techniques to discover and 
respond to malicious sports in IoT sensor networks. 
 
2. Efficiency in IoT Sensor Networks:  
 
Efficiency in records transmission requires optimizing electricity intake, decreasing latency, 
and maximizing throughput. Various strategies had been proposed to cope with these 
performance challenges. Due to the confined battery existence of sensor nodes, power-
efficient communique protocols are critical. For example, Lee et al. (2019) evolved an 
adaptive electricity-efficient protocol that dynamically adjusts transmission strength based 
on network conditions, substantially extending the community's operational lifespan. To 
enhance latency and throughput, researchers have explored one-of-a-kind routing and 
statistics aggregation methods. Kumar et al. (2021) delivered a multi-route routing protocol 
that complements information delivery costs and reduces give up-to-quit delays by using 
more than one paths for records transmission. Similarly, Sharma et al. (2020) proposed a 
facts aggregation scheme that minimizes redundant information transmission and reduces 
network congestion, thereby improving average throughput. 
 
3. Emerging Trends and Future Directions:  
 
Emerging tendencies in IoT sensor networks involve the combination of superior algorithms 
and gadget learning techniques to in addition decorate safety and performance. Research by 
using Zhang et al. (2024) has explored the application of gadget learning for anomaly 
detection and predictive protection in sensor networks, imparting proactive measures to deal 
with capability protection and overall performance issues. Future studies is expected to 
recognition on growing greater sophisticated protocols that seamlessly integrate safety and 
efficiency, addressing the growing complexity of IoT environments. Additionally, 
advancements in area computing and 5G technologies are possibly to play a big position in 
enhancing records transmission performance and enabling real-time analytics. 
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Methodology  
 

1. Overview of IoT Sensor Network Architecture 
 
To deal with steady and efficient statistics transmission, the methodology starts with an 
in-depth analysis of the IoT sensor network architecture. This involves mapping out the 
community topology, together with sensor nodes, communication hyperlinks, and 
information aggregation points. Understanding the structure allows discover important 
additives and capability vulnerabilities that want to be addressed to beautify both 
protection additives and capability vulnerabilities that want to be addressed to beautify 
both protection and efficiency. 

 
Figure 1 IoT-Sensor community Architecture 

 
2. Security Protocol Design 
 
The design of security protocols is pivotal to safeguarding information transmission in 
IoT networks. This step entails developing and integrating superior encryption 
algorithms and authentication mechanisms tailor-made for resource-confined sensor 
nodes. The Secured and Intelligent Data Transmission Protocol (SIDTP) is an instance 
where reserved bits inside the conversation header are utilized to offer secure and 
unsecure transmission modes based on application needs and safety levels. 
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3. Efficiency Optimization Techniques 
 
To optimize information transmission performance, diverse techniques are implemented 
to lessen power intake and latency. This includes the implementation of adaptive routing 
protocols that modify transmission power and routing paths based on modern-day 
community situations. Techniques like dynamic power control and multi-route routing 
are hired to decorate throughput and decrease quit-to-cease delay. 
 

4. Energy-Efficient Communication Protocols 
 
Energy efficiency is completed with the aid of growing and deploying conversation 
protocols that reduce electricity usage. This involves imposing techniques which 
includes low-power listening modes and energy-efficient facts aggregation. The method 
includes simulating and checking out these protocols to assess their impact on average 
network performance and node lifespan. 
 

5. Hybrid Charging Schemes 
 
For stepped forward sustainability, hybrid charging schemes are included into the sensor 
network. This includes the use of reinforcement studying to optimize charging strategies 
and the implementation of Type-I and Type-II chargers. Type-I chargers are used for 
stationary nodes, while Type-II chargers cater to cell nodes, making sure non-stop 
operation and extended battery life. 
 

6. Cyclic Delay Full Diversity Sensing 
 
To decorate records reliability and anti-jamming skills, cyclic put off full diversity 
sensing strategies are applied. This entails the usage of coding techniques that enhance 
sign robustness and reduce interference. The performance of those strategies is evaluated 
thru simulations to evaluate their effectiveness towards traditional frequency and time 
division duplex strategies. 
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Figure 2 Focus Area Distribution in Enhancing Data Reliability and Anti-

Jamming Using Cyclic Delay Full Diversity Sensing 
 

7. Prototype Development and Implementation 
 
A prototype system has been developed to implement and test the proposed solutions in 
an industrial setting. This involves deploying sensor nodes equipped with the new 
protocols and charging schemes, followed by real-world trials to assess their practical 
performance. The prototype helps identify any implementation challenges and allows for 
the refinement of methodologies based on empirical data.. 

 
Data Analysis and Results 
 

1. Security Protocol Performance Evaluation  
 
 Analysis concerned evaluating SIDTP with traditional protection protocols consisting 
of the Wireless Data Transmission Protocol (WDTP) in phrases of encryption energy, 
authentication performance, and susceptibility to attacks. Results proven that SIDTP 
correctly stepped forward data protection without considerably increasing latency, 
presenting a balance among protection and performance. 
 

2. Energy Consumption Analysis 
 
To examine electricity efficiency, the electricity consumption of the proposed 
communication protocols was analyzed. Metrics inclusive of power in keeping with 
packet and overall electricity usage were measured beneath numerous network loads and 
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configurations. The results indicated that the electricity-green protocols substantially 
reduced strength intake compared to conventional strategies, accordingly extending the 
operational lifestyles of sensor nodes and reducing the need for frequent recharging or 
battery replacements. 
 

3. Latency and Throughput Assessment  
 
Latency and throughput were key performance signs for the statistics transmission 
protocols. Simulations confirmed that the proposed adaptive routing protocols and 
electricity-efficient schemes reduced stop-to-quit postpone via 30–35% and extended 
throughput by 40–42% compared to present protocols like SAR and SPEED. These 
improvements have been attributed to optimized routing paths and decreased facts 
retransmissions, enhancing overall community performance. 
 

 
Figure 2 Average latency of IoT gadgets 

 
4. Hybrid Charging Scheme Evaluation  
 
The hybrid charging scheme, incorporating Type-I and Type-II chargers, was analyzed 
for its effectiveness in extending battery life and lowering operational costs. Simulations 
and realistic trials revealed that this scheme extensively stronger battery span and 
reduced the value associated with node charging. The integration of reinforcement 
getting to know for optimizing charging techniques contributed to more efficient power 
control and longer sensor node operation. 
 
 

5. Cyclic Delay Full Diversity Sensing Performance 
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The performance of cyclic delay complete variety sensing strategies became evaluated 
by way of comparing their interference depth with that of frequency department duplex 
(FDD) and time division duplex (TDD) methods. Results confirmed that cyclic delay 
structures achieved similar interference stages whilst imparting more suitable anti-
jamming competencies. This technique proved effective in preserving records integrity 
and community reliability inside the presence of capability disruptions. 

6. Prototype Testing and Real-World Implementation 
 
The realistic implementation of the proposed answers through a prototype system 
provided valuable insights into their real-international effectiveness. Trials conducted in 
commercial settings demonstrated that the new protocols and charging schemes caused 
better community reliability and operational efficiency compared to standard structures. 

 
Findings and Discussion 
 

1. Reduction in Energy Consumption 
 
The energy-green communique protocols have established to be fantastically effective in 
considerably reducing normal strength intake. By optimizing transmission power and 
employing adaptive routing techniques, these new protocols decreased the strength 
utilization per packet and prolonged the battery existence of sensor nodes. This reduction 
in electricity usage is vital for IoT networks, in which sensor nodes are frequently 
deployed in inaccessible locations and depend on constrained power resources. The 
findings spotlight the capability of those protocols to decorate the sustainability and 
operational longevity of IoT sensor networks. 
 

2. Improved Latency and Throughput 
 
The proposed routing and records aggregation strategies substantially stepped forward 
latency and throughput. The adaptive routing protocols decreased give up-to-give up 
postpone by means of approximately 30–35%, and the optimized records aggregation 
methods expanded throughput through forty–42%. These improvements are vital for 
real-time applications wherein well timed facts delivery is crucial. The reduction in 
latency and enhancement in throughput make certain that IoT networks can cope with 
high volumes of statistics successfully, main to more responsive and reliable community 
performance. 
 

3. Effectiveness of Hybrid Charging Schemes 
The hybrid charging scheme, combining Type-I and Type-II chargers, changed into a 
success in extending battery life and reducing operational expenses. The use of 
reinforcement mastering to optimize charging techniques proved to be powerful in 
dealing with power resources more effectively. This approach facilitated on-demand 
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charging and improved the overall sustainability of sensor nodes. The fine impact of the 
hybrid scheme underscores its potential for big adoption in improving the toughness and 
fee-effectiveness of IoT sensor networks. 
 

4. Prototype Testing Insights 
 
Real-international implementation of the proposed protocols through prototype checking 
out verified their effectiveness and practical applicability. The trials carried out in 
commercial settings confirmed more suitable network reliability and overall 
performance, validating the theoretical advantages determined in simulations. The 
realistic insights won from these trials also helped perceive and address implementation 
challenges, main to in addition refinement of the protocols and ensuring their readiness 
for actual-global deployment. 

 
Figure 5Testing Prototypes for Customer Engagement 

5. Lower Packet Loss and Higher Delivery Ratio 
 
Analysis found out that the brand new protocols efficaciously minimized packet loss and 
progressed packet transport ratios. The discount in packet loss by 60–sixty five% and the 
boom in packet delivery ratio through 36–forty% display the effectiveness of the mistake 
correction and routing techniques hired. These upgrades beautify the reliability of 
statistics transmission, ensuring that essential facts is always introduced without 
extensive losses, which is particularly important for applications requiring excessive data 
fidelity. 

 
Conclusion  
 

1. To decorate security and overall performance in IoT sensor networks 
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Achieving steady and green facts transmission in IoT sensor networks is essential for 
the success deployment and operation of current IoT applications. This take a look at 
has shown that integrating superior protocols and strategies can appreciably improve 
each security and efficiency inside those networks. The advent of the Secured and 
Intelligent Data Transmission Protocol (SIDTP) has been verified to decorate 
information protection through adaptable encryption and authentication mechanisms, 
efficaciously safeguarding touchy statistics in opposition to capacity threats. 
Simultaneously, the development of electricity-efficient communication protocols has 
effectively reduced strength consumption, extended the battery existence of sensor 
nodes, and optimized basic community overall performance. The proposed solutions, 
together with hybrid charging schemes and cyclic postpone full diversity sensing, 
similarly enhance the sustainability and reliability of IoT sensor networks. The hybrid 
charging technique, which mixes static and cell charging techniques, successfully 
manages energy resources and decreases operational prices, at the same time as cyclic 
put off strategies offer robust interference control and resistance to jamming assaults. 
 

 
Table 1 Key strategies and benefits for safety, efficiency, and robustness of IoT 

sensor networks 
 

2. Validation of the efficiency of the new protocol 
 

Empirical testing via simulations and actual-world prototypes has confirmed the 
effectiveness of these innovations, confirming their capacity to cope with key demanding 
situations in IoT environments. The upgrades in latency, throughput, packet loss, and 
transport ratios underscore the sensible advantages of those improvements, ensuring 
timely and dependable facts transmission in numerous packages. 
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Table2 Optimization of new IoT systems 

 
3. A holistic view of future IoT networks 
 

Overall, this study underscores the importance of a holistic approach to securing and 
optimizing IoT sensor networks. As IoT technology continues to evolve, ongoing research 
and development will be crucial in refining these solutions and adapting them to emerging 
challenges and applications, ultimately driving the future of secure and efficient data 
transmission in IoT networks. 
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