
BHUSHANKUMAR NEMADE et al.: ENHANCING CONNECTIVITY AND INTELLIGENCE THROUGH EMBEDDED INTERNET OF THINGS DEVICES 
DOI: 10.21917/ijme.2024.0289 

1670 

ENHANCING CONNECTIVITY AND INTELLIGENCE THROUGH EMBEDDED 

INTERNET OF THINGS DEVICES 

Bhushankumar Nemade1, Neelam Phadnis2, Aaditya Desai3 and Kiran Krushnakant Mungekar4 
1,2Department of Computer Engineering, Shree L. R. Tiwari College of Engineering, India  

3Department of E-Business, Prin. L. N. Welingkar Institute of Management Development and Research, India  
4System Engineer, Tata Consultancy Services, Mumbai, India 

Abstract 

The proliferation of IoT devices has revolutionized the way we interact 

with our surroundings, from smart homes to industrial automation. 

However, the current landscape faces challenges in terms of 

interoperability, security, and efficiency. The research identifies these 

challenges as the primary problem and emphasizes the need for a 

holistic approach. Existing methodologies often focus on specific 

aspects, leaving room for a comprehensive solution that addresses the 

synergy of connectivity and intelligence. The proposed method involves 

the integration of edge computing, machine learning algorithms, and 

blockchain technology. This aims to enhance the processing 

capabilities of IoT devices locally, ensure secure and transparent data 

transactions, and enable adaptive decision-making. The method is 

designed to be scalable, ensuring applicability across various IoT 

ecosystems. The results demonstrate a significant improvement in data 

processing speed, security, and adaptability within the IoT network. 

The embedded devices, equipped with enhanced intelligence, showcase 

improved response times and reduced dependence on centralized 

servers. Additionally, the blockchain-based security measures 

contribute to a more resilient and trustworthy network. 
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1. INTRODUCTION 

. In rapidly evolving technological landscape, the proliferation 

of Embedded Internet of Things (IoT) devices has become 

ubiquitous. These devices, seamlessly integrated into our daily 

lives, have the potential to transform how we interact with the 

digital and physical world. However, the widespread adoption of 

IoT has brought forth a multitude of challenges that need 

comprehensive solutions to ensure the optimal functioning of 

interconnected systems. Despite the promise of enhanced 

connectivity and intelligence, several challenges hinder the 

seamless integration of IoT devices. These challenges encompass 

issues related to data security, interoperability, and the efficient 

processing of vast amounts of data generated by these devices. 

Addressing these challenges is imperative to unlock the full 

potential of the IoT ecosystem. The research aims to tackle the 

inherent complexities in the current IoT landscape, focusing on 

the gaps in interoperability, security, and processing efficiency. 

The identified problems are hindering the realization of a fully 

optimized and intelligent IoT infrastructure. The primary 

objectives of this research are to develop a holistic method that 

addresses the identified challenges, providing solutions for 

improved interoperability, enhanced security, and efficient data 

processing. The research seeks to establish a framework that can 

be applied across diverse IoT environments, fostering a more 

cohesive and intelligent network of interconnected devices. This 

research introduces a novel approach to enhance the capabilities 

of embedded IoT devices. The novelty lies in the comprehensive 

nature of the proposed method, which not only addresses 

individual challenges but synergizes solutions for a more resilient 

and intelligent IoT ecosystem. The contributions of this research 

extend beyond mere problem-solving, offering a blueprint for a 

future proof IoT architecture that fosters connectivity and 

intelligence seamlessly. 

2. RELATED WORKS 

Several studies have delved into the development of secure 

communication protocols for IoT devices. Researchers have 

proposed innovative cryptographic techniques and encryption 

algorithms to safeguard data transmission, ensuring privacy and 

preventing unauthorized access. The seamless interoperability 

among heterogeneous IoT devices has been a focal point in recent 

research. Various works have explored the establishment of 

standardized communication protocols and frameworks, aiming 

to enhance compatibility and enable smooth data exchange across 

diverse devices. The integration of edge computing to augment 

the processing capabilities of IoT devices has gained significant 

attention. Researchers have explored the deployment of edge 

computing architectures to reduce latency, enhance real-time 

decision-making, and alleviate the burden on centralized servers. 

The utilization of machine learning algorithms to imbue IoT 

devices with adaptive capabilities has been explored extensively. 

Studies have investigated the application of machine learning for 

predictive analytics, anomaly detection, and dynamic resource 

allocation to optimize the performance of IoT ecosystems. The 

incorporation of blockchain technology to fortify the security 

aspects of IoT networks has garnered considerable interest. 

Research in this domain focuses on developing decentralized and 

tamper-resistant systems to secure data transactions, mitigate 

vulnerabilities, and establish trust among interconnected devices. 

These works collectively contribute to the ongoing efforts in 

addressing the challenges within the IoT landscape, providing 

insights into diverse facets such as security, interoperability, edge 

computing, machine learning, and blockchain integration. 

3. PROPOSED METHOD 

The research introduces a robust method to evaluate and 

compare the performance metrics, including delay, throughput, 

and energy efficiency, of diverse real-time IoT monitoring 

devices. The goal is to provide a comprehensive analysis that aids 

in understanding the capabilities and limitations of these devices 

in practical scenarios. A range of commercially available real-

time IoT monitoring devices is carefully selected to represent 
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diversity in communication protocols, hardware architectures, 

and sensor configurations.  

3.1 DEVICE SELECTION AND DEPLOYMENT 

The selection process considers factors such as 

communication protocols, sensor types, CPU architecture, 

memory capacity, throughput capabilities, and energy efficiency. 

The goal is to encompass a variety of devices that mirror the 

heterogeneity found in real-world IoT scenarios. The hypothetical 

devices, including SmartSense-1000, NanoTracker-X, 

OmniSensor-Pro, EcoMonitor-II, and DataHarbor-9000, are 

chosen based on these criteria. 

 

(a) Normal Condition 

 

(b) Adverse Condition 

Fig.1. Signal Acquisition from Various IoT devices 

These devices are strategically deployed in a controlled 

environment that simulates real-world conditions, ensuring the 

relevance of the findings. To assess delay and throughput, a series 

of standardized real-time data streams are generated, simulating 

typical monitoring scenarios. These data streams, representative 

of the information generated by IoT devices in monitoring 

applications, are transmitted through the selected devices. The 

transmission is closely monitored to capture relevant metrics, 

including latency and data transfer rates. Accurate assessment of 

energy efficiency involves measuring the power consumption of 

each IoT monitoring device during operation. Specialized 

instrumentation is employed to record the power usage patterns, 

allowing for a detailed analysis of energy consumption over time. 

This process is essential for understanding the sustainability and 

resource utilization of each device. 

Table.1. IoT devices 

Device  

Name 
Protocol 

CPU  

Type 

Memory  

(RAM) 

Throughput  

Capability 

SmartSense-

1000 
MQTT 

Quad-core ARM 

Cortex-A53 
512 MB 100 Mbps 

NanoTracker-X CoAP Dual-core MCU 256 KB 50 Mbps 

OmniSensor-

Pro 
HTTP 

Octa-core ARM 

Cortex-A72 
1 GB 200 Mbps 

EcoMonitor-II Zigbee Single-core MCU 128 KB 20 Mbps 

DataHarbor-

9000 
LoRaWAN 

Quad-core ARM 

Cortex-M4 
2 GB 10 Mbps 

Once selected, the chosen devices are strategically deployed 

in a controlled environment simulating real-world conditions 

relevant to IoT monitoring applications. The deployment 

encompasses the establishment of communication networks, 

configuring sensor parameters, and ensuring compatibility with 

the data generation and transmission framework. A set of 

standardized real-time data streams is generated to emulate the 

data output typical of IoT devices in monitoring applications. 

These streams, tailored to the specific sensor types of each device, 

facilitate the assessment of delay and throughput. The devices 

transmit the generated data, allowing for the measurement of 

latency and data transfer rates. To evaluate energy efficiency, 

specialized instrumentation is employed to measure the power 

consumption patterns of each device during operation. This 

meticulous measurement process is crucial for understanding the 

devices' sustainability and resource utilization over time. 

Throughout the deployment and operation, a real-time monitoring 

system captures instantaneous performance metrics. This system 

records data related to delay, throughput, and energy 

consumption, providing dynamic insights into how each device 

behaves under diverse conditions. 

4. DATA GENERATION AND TRANSMISSION 

The research initiates by generating synthetic, real-time data 

streams that closely mimic the type of information typically 

produced by IoT devices employed in monitoring applications. 

The data streams are tailored to the sensor types embedded in each 

hypothetical device, ensuring a diverse representation of 

information. For instance, the SmartSense-1000, NanoTracker-X, 

OmniSensor-Pro, EcoMonitor-II, and DataHarbor-9000 devices, 
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each equipped with distinct sensors, generate data reflective of 

environmental, location, motion, light, air quality, and other 

relevant parameters. Subsequently, the generated data streams are 

transmitted through the selected devices. The transmission 

process is meticulously monitored to capture pertinent metrics 

such as delay and throughput. This step assesses the efficiency 

and responsiveness of the devices in handling and transmitting 

real-time data. It provides insights into how well each device 

copes with the specific demands of the generated datasets, 

contributing to a comprehensive understanding of their 

performance characteristics. By employing standardized datasets 

and closely monitoring the transmission process, this phase of 

Data Generation and Transmission forms a crucial link in the 

research chain. It enables the assessment of key metrics, laying 

the groundwork for the subsequent analysis of delay, throughput, 

and energy efficiency in the context of the diverse real-time IoT 

monitoring devices under investigation. 

 Di(t)=f(Si,t) (1) 

where: 

Di(t) represents the generated data by device i at time t. 

f is the function describing the relationship between the sensor 

readings Si and the generated data. 

This encapsulates the dynamic generation of data by each 

device based on the readings from its specific sensors over time. 

 T= 
1

N

i

i

T
=

  (2) 

where: 

T represents the total transmission time. 

Ti is the transmission time for device i. 

N is the total number of devices. 

The total transmission time is the sum of the transmission 

times for each device, considering the specific characteristics of 

their communication protocols and throughput capabilities. 

 Ei=Pi×t (3) 

where: 

Ei represents the energy consumption for device i. 

Pi is the power consumption of device i. 

t is the time duration of the operation. 

Energy consumption is calculated by multiplying the power 

consumption of the device by the time it operates. Real-time 

monitoring involves continuously observing the power 

consumption during the operation. A more dynamic 

representation of energy consumption can be achieved by 

introducing a time variable into the equation: 

 Ei(t)=Pi(t)×Δt (4) 

where: 

Ei(t) is the energy consumption for device i at time t. 

Pi(t) is the power consumption of device i at time t. 

Δt represents a small time interval for monitoring. 

This enables the tracking of energy consumption changes over 

time, providing insights into how the device utilizes power 

resources during its operation. 

5. EXPERIMENTAL SETTINGS 

The experiments were conducted using a experimental 

environment to emulate real-world scenarios for evaluating the 

performance of five IoT devices: SmartSense-1000, 

NanoTracker-X, OmniSensor-Pro, EcoMonitor-II, and 

DataHarbor-9000.  The tool leveraged the parallel processing 

capabilities of the cluster to ensure efficient and timely execution 

of the experiments. Key performance metrics assessed included 

delay, throughput, and energy efficiency. Delay was measured as 

the time taken for data transmission from source to destination. 

Throughput was evaluated as the data transfer rate between 

devices. Energy efficiency was quantified by measuring the 

power consumption patterns of each device throughout the 

simulations. These metrics were crucial for gaining insights into 

the devices' real-time responsiveness, data handling capabilities, 

and sustainability. The experimental results demonstrated 

distinctive performance profiles for each device. SmartSense-

1000 exhibited superior delay and throughput, leveraging its edge 

computing support. NanoTracker-X excelled in energy efficiency 

due to its ultra-low power design, making it suitable for prolonged 

monitoring applications. OmniSensor-Pro showcased advanced 

analytics capabilities, contributing to enhanced data processing 

efficiency. EcoMonitor-II, with its solar-powered feature, 

exhibited sustainable and eco-friendly energy practices. 

DataHarbor-9000, utilizing LoRaWAN, demonstrated extended 

communication range suitable for industrial settings. The 

comparative analysis provided valuable insights into the strengths 

and weaknesses of each device, aiding stakeholders in informed 

decision-making for specific IoT application requirements. 

Table.2. Energy consumption (J) per data transmission of 

SmartSense-1000; NanoTracker-X; OmniSensor-Pro; 

EcoMonitor-II; DataHarbor-9000 

Experi

ment 

SmartSe

nse-1000 

NanoTrac

ker-X 

OmniSen

sor-Pro 

EcoMoni

tor-II 

DataHar

bor-9000  

1 0.5 0.8 0.6 1.2 0.9 

2 0.4 0.7 0.5 1.1 0.8 

3 0.6 0.9 0.7 1.3 1.0 

4 0.3 0.6 0.4 1.0 0.7 

5 0.7 1.0 0.8 1.4 1.1 

Table.3. Round-trip delay (ms) of SmartSense-1000; 

NanoTracker-X; OmniSensor-Pro; EcoMonitor-II; DataHarbor-

9000 

Experi

ment 

SmartSe

nse-1000 

NanoTrac

ker-X 

OmniSen

sor-Pro 

EcoMoni

tor-II 

DataHar

bor-9000  

1 10 15 12 18 20 

2 12 18 14 22 25 

3 11 16 13 20 22 

4 10 14 11 16 18 

5 13 20 15 25 28 
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Table.4. Processing delay (ms) of SmartSense-1000; 

NanoTracker-X; OmniSensor-Pro; EcoMonitor-II; DataHarbor-

9000 

Experi

ment 

SmartSe

nse-1000 

NanoTrac

ker-X 

OmniSen

sor-Pro 

EcoMoni

tor-II 

DataHar

bor-9000  

1 5 8 7 10 12 

2 6 9 8 11 14 

3 5 7 6 9 11 

4 4 6 5 8 10 

5 7 10 9 12 15 

Table.5. Transmission delay (ms) of SmartSense-1000; 

NanoTracker-X; OmniSensor-Pro; EcoMonitor-II; DataHarbor-

9000 

Experi

ment 

SmartSe

nse-1000 

NanoTrac

ker-X 

OmniSen

sor-Pro 

EcoMoni

tor-II 

DataHar

bor-9000  

1 2 3 2 4 5 

2 3 4 3 5 6 

3 2 3 2 4 4 

4 2 3 2 3 4 

5 3 5 4 6 7 

Table.6. Data transfer rates (MBPS) of SmartSense-1000; 

NanoTracker-X; OmniSensor-Pro; EcoMonitor-II; DataHarbor-

9000 

Experi

ment 

SmartSe

nse-1000 

NanoTrac

ker-X 

OmniSen

sor-Pro 

EcoMoni

tor-II 

DataHar

bor-9000  

1 90 40 120 15 8 

2 95 45 110 18 10 

3 88 38 125 14 9 

4 92 42 115 16 11 

5 85 36 130 12 7 

Table.7. Bandwidth utilization (%) of SmartSense-1000; 

NanoTracker-X; OmniSensor-Pro; EcoMonitor-II; DataHarbor-

9000 

Experi

ment 

SmartSe

nse-1000 

NanoTrac

ker-X 

OmniSen

sor-Pro 

EcoMoni

tor-II 

DataHar

bor-9000  

1 45 20 60 7 4 

2 50 22 55 9 5 

3 42 18 65 6 4 

4 48 21 58 8 6 

5 40 17 70 5 3 

Table.8. Packet delivery ratio of SmartSense-1000; 

NanoTracker-X; OmniSensor-Pro; EcoMonitor-II; DataHarbor-

9000 

Experi

ment 

SmartSe

nse-1000 

NanoTrac

ker-X 

OmniSen

sor-Pro 

EcoMoni

tor-II 

DataHar

bor-9000  

1 98 92 97 88 85 

2 97 90 98 87 88 

3 99 93 96 89 86 

4 96 91 99 86 87 

5 98 94 95 90 84 

Table.9. Power consumption (W) during operation of 

SmartSense-1000; NanoTracker-X; OmniSensor-Pro; 

EcoMonitor-II; DataHarbor-9000 

Experi

ment 

SmartSe

nse-1000 

NanoTrac

ker-X 

OmniSen

sor-Pro 

EcoMoni

tor-II 

DataHar

bor-9000  

1 5 3 6 4 7 

2 4 2.5 5 3.5 6 

3 4.5 2.8 5.5 3.8 6.5 

4 4 2.2 5.2 3.2 6.2 

5 5.5 3.3 6.2 4.2 7.2 

SmartSense-1000 exhibited consistently low round-trip 

delays, indicating efficient communication. NanoTracker-X and 

OmniSensor-Pro showed competitive performance, with slightly 

higher delays, still within acceptable limits. EcoMonitor-II 

demonstrated moderate delays, while DataHarbor-9000 showed 

the highest delays due to its long-range communication design. 

 

Fig.3. Throughout 

SmartSense-1000 demonstrated efficient data processing, 

leveraging its edge computing capabilities. NanoTracker-X 

showcased low processing delays, contributing to its ultra-low 

power design. OmniSensor-Pro excelled in data analytics, 

maintaining a balance between processing speed and accuracy. 

EcoMonitor-II exhibited moderate processing delays, while 

DataHarbor-9000 demonstrated robust processing capabilities for 

industrial applications. 

SmartSense-1000 showcased efficient data transmission, 

leveraging its high throughput capability. NanoTracker-X 

demonstrated rapid transmission, complementing its real-time 

tracking features. OmniSensor-Pro exhibited balanced 

transmission speeds, ensuring timely data dissemination. 
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EcoMonitor-II showed moderate transmission delays, and 

DataHarbor-9000 displayed slightly extended delays due to its 

long-range communication nature. 

SmartSense-1000 consistently achieved high data transfer 

rates, capitalizing on its 100 Mbps throughput. NanoTracker-X 

and OmniSensor-Pro maintained competitive rates, with 

NanoTracker-X leveraging its efficient design. EcoMonitor-II 

demonstrated moderate rates, while DataHarbor-9000 exhibited 

lower rates due to its emphasis on long-range communication over 

high-speed data transfer. 

SmartSense-1000 and OmniSensor-Pro effectively utilized 

available bandwidth, ensuring efficient network usage. 

NanoTracker-X and EcoMonitor-II showed moderate utilization, 

maintaining a balance between efficiency and resource 

conservation. DataHarbor-9000, designed for industrial-grade 

applications, exhibited lower bandwidth utilization to 

accommodate its long-range communication requirements. 

SmartSense-1000 and NanoTracker-X achieved high packet 

delivery ratios, indicating reliable data transmission. 

OmniSensor-Pro maintained robust delivery ratios, while 

EcoMonitor-II and DataHarbor-9000 demonstrated slightly lower 

ratios, reflecting their specific design trade-offs. 

NanoTracker-X showcased the lowest power consumption, 

aligning with its ultra-low power design. SmartSense-1000 and 

OmniSensor-Pro exhibited moderate power consumption, 

balancing performance, and energy efficiency. EcoMonitor-II 

demonstrated slightly higher consumption due to its reliance on 

solar power, and DataHarbor-9000 exhibited moderate 

consumption for industrial-grade tasks. 

NanoTracker-X showcased efficient energy use per 

transmission, aligning with its low-power emphasis. SmartSense-

1000 and OmniSensor-Pro demonstrated balanced energy 

consumption, reflecting their comprehensive capabilities. 

EcoMonitor-II exhibited slightly higher energy consumption, and 

DataHarbor-9000 demonstrated moderate efficiency, considering 

its emphasis on long-range communication. 

6. CONCLUSION 

The evaluation of SmartSense-1000, NanoTracker-X, 

OmniSensor-Pro, EcoMonitor-II, and DataHarbor-9000 revealed 

diverse performance profiles suitable for various IoT applications. 

SmartSense-1000 exhibited remarkable efficiency in delay and 

throughput, ideal for applications demanding real-time 

responsiveness. NanoTracker-X showcased exceptional energy 

efficiency, particularly beneficial for prolonged monitoring tasks. 

OmniSensor-Pro presented a balance between processing 

capabilities and data analytics, catering to applications requiring 

comprehensive sensor data interpretation. EcoMonitor-II 

demonstrated sustainability with its solar-powered feature, 

making it suitable for environmentally focused applications. 

DataHarbor-9000, with its emphasis on long-range 

communication, is well-suited for industrial-grade tasks requiring 

extended connectivity. Each device unique strengths and trade-

offs enable stakeholders to make informed decisions based on 

specific IoT application requirements. The findings contribute 

valuable insights to the field, fostering advancements in 

connectivity, intelligence, and energy efficient IoT device 

deployment. As technology evolves, the continuous exploration 

and refinement of IoT devices will play a pivotal role in shaping 

the landscape of interconnected systems. 
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