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Abstract: Edge Internet of Things (Edge IoT) systems are increasingly integral to applications that 

require real time signal processing, particularly where low latency and energy efficiency are critical. This 

paper explores the design and performance evaluation of a heterogeneous microprocessor architecture 

aimed at optimizing energy consumption and real time performance. The heterogeneous architecture 

integrates multiple types of cores, such as Central Processing Units (CPUs), Digital Signal Processors 

(DSPs), and Graphics Processing Units (GPUs), to allocate tasks based on computational demand. The 

proposed design significantly reduces energy consumption, particularly during high-performance tasks, 

while maintaining real time processing guarantees. Simulation-based performance evaluation was 

conducted to assess the energy efficiency, latency, and overall system performance under varying 

workloads, including real time Digital Signal Processing (DSP) benchmarks. The results showed that 

the heterogeneous architecture outperformed traditional homogeneous processors, demonstrating up 

to a 19-fold improvement in energy efficiency. Furthermore, the system reduced latency by up to 45% 

in real time applications, making it particularly suitable for Edge IoT environments such as industrial 

automation and smart healthcare, where both performance and energy efficiency are critical. Despite 

some trade-offs in task scheduling complexity, the heterogeneous design was able to balance power 

consumption and computational performance effectively. The findings suggest that this architecture 

can serve as a foundation for future Edge IoT systems, providing significant advantages in terms of 

energy efficiency, real time processing, and scalability. Future work will focus on further optimization 

of the architecture and exploring its application across various IoT environments. 

Keywords: Edge IoT systems; Energy efficiency; Real time processing; Heterogeneous architecture; 

Task scheduling. 

 

1. Introduction 

Research on social facts within the CCTES perspective is important because 
technological transformation is no longer a gradual phenomenon, but an urgent and evolving 
social condition that requires immediate scholarly attention. The rapid expansion of edge 
computing and Internet of Things ecosystems has altered how people, institutions, and 
infrastructures interact in real time, creating new forms of dependence on distributed digital 
systems and reshaping patterns of decision making, security, and public trust [1], [2]. In this 
context, social facts should be examined not merely as static realities, but as collective 
responses to technological acceleration, risk, and uncertainty. When a trend develops faster 
than society can interpret its consequences, research becomes essential for identifying its 
direction, social meaning, and possible disruptions. This urgency is even stronger because 
edge-based intelligent systems increasingly influence healthcare, industry, and public services, 
where delays in understanding their social implications may widen inequality, weaken 
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governance, and reduce community resilience [3], [4]. Therefore, studying social facts is 
necessary to provide timely explanations for emergent and unstable socio-technical realities. 

The importance of investigating social facts also lies in the fact that many contemporary 
digital trends develop before clear normative, cultural, and institutional responses are formed. 
Edge IoT systems promise real time efficiency, lower latency, and stronger local processing 
capabilities, yet they also generate concerns related to privacy, security, energy use, and 
technological dependence, all of which become social issues rather than merely technical ones 
[5], [6]. From a CCTES viewpoint, this makes the topic an emergency issue because society 
needs immediate answers regarding how emerging technologies affect behavior, regulation, 
trust, and participation. Trends whose direction remains uncertain must be researched early 
so that scholars can map risks, identify opportunities, and support policy adaptation before 
harmful effects become normalized. This is particularly relevant in digital culture and 
governance contexts, where technological systems increasingly shape collective practices and 
public communication [3], [7]. Thus, research on social facts functions as an early interpretive 
mechanism for understanding fast-moving socio-technical change and guiding more 
responsible societal responses. 

Existing literature on edge computing and Internet of Things (IoT) systems has primarily 
focused on technical aspects such as latency reduction, energy efficiency, distributed 
processing architectures, and scalable resource management. Several studies highlight the 
importance of optimizing data stream processing to reduce latency and energy consumption 
in edge-based IoT environments, emphasizing system-level performance improvements and 
efficient workload distribution [5]. Similarly, research on distributed edge-based systems has 
explored architectural models that enable decentralized data processing to support large-scale 
intelligent services and real time applications [4]. Other studies have examined ultra-low-
power processing architectures for visual IoT applications, highlighting how specialized 
hardware can significantly improve energy efficiency in resource-constrained devices [8]. 
Additionally, recent work on heterogeneous IoT architectures has focused on intelligent 
resource optimization mechanisms designed to enhance scalability and energy efficiency in 
complex IoT infrastructures [9]. Despite these advancements, much of the existing research 
still concentrates primarily on computational performance and system architecture, leaving 
several socio-technical and integrative aspects insufficiently explored. 

One major gap in the literature is that current research has not sufficiently addressed the 
integration of security resilience, distributed intelligence, and adaptive governance within edge 
computing ecosystems. Many existing studies emphasize architectural efficiency and hardware 
optimization but pay limited attention to how emerging technologies such as machine 
learning, blockchain, and federated learning can be integrated to create more resilient and 
trustworthy edge environments [10]. This gap becomes particularly significant in large-scale 
IoT deployments where system security, data integrity, and adaptive response mechanisms 
are critical. Recent research has begun to explore hybrid frameworks combining distributed 
intelligence with security-oriented architectures to mitigate cyber threats in edge 
environments, including distributed DDoS detection and zero-trust security models [3], [7]. 
However, the interaction between these technologies and broader socio-technical systems 
such as governance, trust, and digital ecosystem sustainability remains underexplored. 
Therefore, further research is needed to investigate integrated approaches that combine 
heterogeneous computing, intelligent security frameworks, and adaptive system governance 
to support reliable and sustainable Edge IoT infrastructures in increasingly complex digital 
environments. 

The objective of this study is to address a fundamental research question that has not 
yet been examined comprehensively in previous literature regarding the integration of 
heterogeneous computing architectures and intelligent management strategies within Edge 
Internet of Things (Edge IoT) environments. Existing studies have primarily focused on 
improving resource optimization, scalability, and energy efficiency of heterogeneous IoT 
devices, particularly through adaptive resource allocation and intelligent workload distribution 
mechanisms [9]. Similarly, several surveys on edge computing architectures have provided 
broad conceptual overviews of distributed system designs and architectural models that 
support edge-based computation, but they often remain limited to structural or architectural 
discussions rather than addressing deeper integrative questions about system coordination 
and long-term sustainability [10]. While these studies provide valuable insights into 
performance optimization and distributed system architectures, they leave unresolved 
questions about how heterogeneous computing environments can simultaneously support 
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scalability, energy efficiency, system security, and adaptive intelligence in real time IoT 
infrastructures. Therefore, this article seeks to answer a more fundamental question 
concerning how heterogeneous edge architectures can be systematically integrated with 
intelligent and adaptive mechanisms to improve the reliability and operational efficiency of 
complex Edge IoT ecosystems. 

More specifically, this research attempts to fill an important conceptual gap by 
investigating how heterogeneous multicore architectures and intelligent security-oriented 
frameworks can jointly support resilient, scalable, and energy-efficient edge computing 
infrastructures. Previous studies have demonstrated that heterogeneous multicore 
architectures can significantly improve energy efficiency and computational performance by 
distributing workloads across different processing units optimized for specific tasks [11]. 
However, the literature has not yet sufficiently addressed how such architectures interact with 
modern intelligent frameworks such as federated learning, adaptive cybersecurity models, and 
distributed system governance within IoT ecosystems. Recent studies have begun exploring 
hybrid intelligent approaches for securing and optimizing distributed edge environments, 
particularly through federated learning models and zero-trust security architectures designed 
to detect cyber threats and ensure service continuity in complex digital infrastructures [3], [7]. 
Nevertheless, the integration of heterogeneous computing platforms with intelligent security 
and adaptive control mechanisms remains insufficiently understood. Consequently, this study 
formulates a fundamental research question concerning how heterogeneous computing 
architectures can be designed and coordinated with intelligent frameworks to support 
sustainable, secure, and efficient Edge IoT systems. 

This study presents a distinctive argument by proposing an integrated perspective that 
combines heterogeneous computing architectures, intelligent processing mechanisms, and 
adaptive system management within Edge Internet of Things (Edge IoT) environments. 
Previous research has largely emphasized improving energy efficiency and computational 
performance in heterogeneous multicore systems, particularly through optimized workload 
allocation across different processing units such as CPUs, GPUs, and specialized accelerators 
[12]. Other studies have examined architectural techniques that improve energy efficiency in 
heterogeneous instruction set architectures and multi-core platforms, demonstrating that 
diversified computing units can significantly enhance processing efficiency under constrained 
resources [13], [14]. While these works contribute significantly to understanding hardware-
level optimization, they primarily focus on computational performance and architectural 
efficiency. This article extends beyond those perspectives by arguing that the real contribution 
of heterogeneous computing systems lies in their potential to support intelligent, adaptive, 
and secure distributed infrastructures within emerging edge ecosystems. Therefore, this 
research positions heterogeneous computing not merely as a hardware optimization strategy 
but as a foundational component in designing intelligent and resilient Edge IoT 
environments. 

The contribution of this research is further strengthened by integrating heterogeneous 
computing concepts with emerging intelligent frameworks and security-oriented architectures 
in edge computing systems. Recent studies have shown that intelligent models such as 
adaptive neural networks and machine learning driven classification approaches can 
significantly enhance the ability of distributed systems to process complex data streams and 
support decision-making processes [15]. Similarly, recent developments in edge AI 
acceleration frameworks have demonstrated how optimized computing platforms can enable 
real time processing capabilities in edge devices, particularly for data-intensive workloads and 
artificial intelligence applications [16]. However, most existing studies treat hardware 
efficiency, artificial intelligence processing, and cybersecurity frameworks as separate research 
domains. This article contributes a novel integrative argument by positioning heterogeneous 
computing architectures as the central enabling layer that connects energy-efficient 
computation, intelligent analytics, and adaptive security mechanisms in Edge IoT systems. In 
doing so, the study provides a distinctive contribution to the literature by proposing a 
conceptual bridge between heterogeneous computing architectures and intelligent edge 
ecosystem design, which has not yet been systematically explored in previous research. 
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2. Literature Review 

Edge IoT Systems in Real time Signal Processing 

Edge Internet of Things (Edge IoT) systems represent a technological paradigm that 
integrates edge computing with IoT infrastructures to enable real time signal processing 
directly at the data source. In conventional cloud-centric IoT architectures, sensor data must 
travel through network infrastructures to centralized servers before processing occurs, which 
introduces latency and increases bandwidth consumption. Edge IoT systems address these 
limitations by shifting computational processes closer to the devices generating the data, 
thereby improving responsiveness and enabling immediate analysis of time-sensitive signals 
[17], [18]. This architectural approach is particularly relevant for applications requiring real 
time decision making, including smart cities, healthcare monitoring systems, industrial 
automation, and intelligent energy systems [19]. Conceptually, Edge IoT systems combine 
distributed computing, real time data analytics, and energy-aware processing mechanisms to 
support continuous signal analysis and rapid system responses [20]. In addition, recent 
research emphasizes that the resilience of edge computing infrastructures plays a crucial role 
in maintaining system stability when operating under limited computational resources and 
dynamic network conditions [19]. Therefore, Edge IoT systems can be conceptualized as 
distributed intelligent infrastructures designed to process real time signals efficiently while 
minimizing latency, network load, and operational delays. 

From an operational perspective, the performance of Edge IoT systems in real time 
signal processing can be analyzed through several key variables, including latency reduction, 
energy efficiency, computational capability, and system resilience. Latency reduction 
represents the ability of edge computing infrastructures to process data closer to the source, 
thereby minimizing communication delays between sensors, processing units, and decision-
making systems [18]. Energy efficiency is another critical variable because many edge devices 
operate under limited power conditions, requiring optimized energy-aware scheduling 
mechanisms to maintain real time performance while minimizing power consumption [21]. 
Computational capability refers to the ability of edge devices to handle complex signal 
processing workloads despite limited hardware resources, which is essential for supporting 
large-scale IoT environments and high-frequency data streams [20]. In addition, system 
resilience represents the capability of Edge IoT infrastructures to maintain stable operations 
under resource constraints, network instability, or dynamic environmental conditions [19]. 
These variables collectively determine the effectiveness of Edge IoT systems in supporting 
real time signal processing tasks, particularly in distributed environments where 
responsiveness, efficiency, and reliability must be balanced simultaneously. 

Existing Processor Architectures 

Processor architectures in embedded and Edge Internet of Things (Edge IoT) 
environments continue to evolve to meet increasing computational demands while 
maintaining energy efficiency. Traditional homogeneous architectures, such as single-core and 
symmetric multi-core processors, have been widely used in embedded systems because of 
their simplicity and predictable performance. However, these architectures often struggle to 
efficiently handle complex workloads such as real time signal processing, machine learning 
inference, and large-scale sensor data analysis in modern IoT infrastructures [12]. To address 
these limitations, heterogeneous computing architectures have been introduced as an 
alternative approach that integrates multiple types of processing units such as CPUs, GPUs, 
and digital signal processors within a single computing platform. By assigning specific tasks 
to specialized cores, heterogeneous systems can significantly improve computational 
performance while reducing overall energy consumption [11], [14]. In addition, research on 
intelligent resource optimization demonstrates that heterogeneous architectures enable 
dynamic workload allocation based on processing capability and energy availability, making 
them particularly suitable for resource-constrained Edge IoT environments [9]. 

Recent developments in edge computing research further emphasize the importance of 
integrating heterogeneous processor architectures with intelligent system management and 
adaptive security mechanisms. Advanced frameworks that combine distributed learning 
models and edge-based computing infrastructures have been proposed to improve system 
reliability, real time responsiveness, and cybersecurity resilience in IoT ecosystems [22]. In 
addition, systematic studies on blockchain-based security architectures highlight the 
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importance of integrating advanced computing frameworks to ensure secure and reliable 
distributed infrastructures in modern digital environments [23]. These approaches 
demonstrate that heterogeneous computing architectures can serve as a foundational layer 
that supports intelligent analytics, secure data processing, and adaptive resource management 
across distributed IoT networks. Furthermore, recent research on Edge AI acceleration 
platforms shows that optimized hardware frameworks can significantly enhance real time data 
processing capabilities in edge devices, enabling efficient handling of high-volume sensor data 
and artificial intelligence workloads [16]. Therefore, the integration of heterogeneous 
computing architectures with intelligent system frameworks represents an important strategy 
for improving scalability, performance, and security in future Edge IoT systems. 

Energy Efficiency in Microprocessor Design 

Energy efficiency has become a central concern in modern microprocessor design due 
to the increasing demand for high-performance computing systems operating under strict 
power constraints. As computing platforms evolve toward embedded and edge-based 
environments, microprocessor architectures must deliver high computational performance 
while minimizing energy consumption. One of the most promising approaches to improving 
energy efficiency is Dynamic and Partial Reconfiguration (DPR), particularly in 
heterogeneous multiprocessor architectures implemented on field-programmable gate arrays 
(FPGAs). DPR enables dynamic adaptation of hardware configurations during runtime, 
allowing systems to optimize processing resources according to workload demands and 
energy constraints. Studies have demonstrated that integrating design space exploration with 
intelligent scheduling in heterogeneous DPR-based systems can significantly improve energy 
efficiency and processing performance compared with traditional software-based 
multiprocessor implementations [24]. Additionally, other hardware-level optimization 
techniques such as Dynamic Voltage and Frequency Scaling (DVFS), clock gating, and power 
gating have been widely adopted to regulate processor voltage and frequency in response to 
workload variations, thereby reducing unnecessary energy consumption while maintaining 
computational performance [25]. These architectural innovations highlight the growing 
importance of energy-aware design principles in modern microprocessor development. 

In evaluating energy efficiency in microprocessor architectures, several key variables are 
commonly used to assess system performance, including power consumption management, 
processing throughput, dynamic workload adaptation, and energy-aware scheduling 
mechanisms. Power consumption management refers to the ability of microprocessors to 
regulate energy usage during computation through techniques such as Dynamic Voltage and 
Frequency Scaling (DVFS), clock gating, and power gating, which dynamically adjust 
processor parameters according to workload requirements [25]. Processing throughput 
represents the computational capacity of multi-core processors to execute tasks efficiently 
while maintaining optimal energy utilization. Parallel processing architectures play an 
important role in this context because distributing workloads across multiple cores allows 
systems to maintain high throughput while reducing the energy burden on individual 
processing units. Dynamic workload adaptation is another critical variable, referring to the 
ability of systems to adjust hardware configurations and scheduling strategies in response to 
real time computational demands. Energy-aware task scheduling algorithms, particularly those 
based on genetic algorithms and adaptive optimization strategies, are widely used to exploit 
slack time and optimize processor performance while minimizing energy consumption in 
multi-core and real time computing environments [26]. These variables collectively determine 
the overall efficiency and sustainability of modern microprocessor systems. 

Latency and Computational Efficiency in Signal Processing 

Latency and computational efficiency are fundamental considerations in modern signal 
processing systems, particularly in real time applications where rapid data processing and 
minimal delays are essential. In network-based signal processing environments, latency can 
significantly influence system responsiveness and the quality of real time services such as 
video streaming, online gaming, and industrial monitoring systems. Several strategies have 
been proposed to reduce latency, including optimizing network throughput, improving device 
drivers, and implementing interrupt coalescence techniques that reduce unnecessary system 
interruptions during data processing. Additionally, replacing high-latency hardware 
components with low-latency alternatives in optical and communication networks has been 



Computer Architecture and Signal Processing 2026 (March), vol. 01, no. 01, Dani Sasmoko, et al. 55 of 12 
 

 

shown to significantly improve signal transmission performance and overall system 
responsiveness [27]. Computational efficiency is also influenced by algorithmic design and 
processor architecture, particularly in systems that rely on hierarchical memory structures and 
pipelined processing models to accelerate data flow and computation [28]. In modern signal 
processing environments, optimizing computational efficiency requires careful coordination 
between hardware architecture, data processing algorithms, and system-level resource 
allocation strategies to ensure that real time constraints can be satisfied without excessive 
computational overhead. 

From an analytical perspective, latency and computational efficiency in signal processing 
systems can be evaluated through several important variables, including network latency, 
algorithmic efficiency, processing throughput, and adaptive computational strategies. 
Network latency refers to the time delay between signal transmission and processing, which 
can be minimized through improved network architectures and optimized communication 
protocols [29]. Algorithmic efficiency represents the ability of signal processing algorithms to 
reduce the number of computational operations required to analyze signals while maintaining 
accuracy and reliability, particularly in embedded and resource-constrained environments 
[28]. Processing throughput measures the rate at which data can be processed within a system, 
often improved through parallel and hierarchical computing techniques that increase 
concurrency and data locality in computational pipelines [29]. Additionally, adaptive 
computational strategies such as machine learning based signal processing models and 
intelligent resource management approaches can further enhance system performance by 
dynamically adjusting processing parameters according to workload conditions [25]. 
Together, these variables provide a comprehensive framework for evaluating the effectiveness 
of signal processing systems operating under real time constraints. 

 

3. Proposed Method 

The proposed heterogeneous microprocessor architecture is designed to optimize 
energy efficiency and real time performance for Edge IoT systems by integrating different 
types of cores, such as CPUs, DSPs, and GPUs, each specialized for specific tasks. The 
architecture is evaluated using a simulation environment that includes tools like ModelSim and 
MATLAB to model its performance under varying workloads and power conditions. Key 
performance metrics, including energy efficiency, latency, and real time performance, are 
assessed using real time DSP benchmarks and energy profiling tools. Varying workloads are 
simulated to test the system's ability to handle diverse tasks typical of Edge IoT applications, 
such as healthcare monitoring and industrial automation, ensuring a comprehensive 
evaluation of its efficiency and performance in real-world scenarios. 

 

 
 

Figure 1. Flowchart structure. 
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Architecture-Level Design 

The proposed heterogeneous microprocessor architecture is designed to optimize 
energy efficiency and real time performance, specifically tailored for Edge Internet of Things 
(Edge IoT) systems. This architecture integrates different types of cores, such as Central 
Processing Units (CPUs), Digital Signal Processors (DSPs), and Graphics Processing Units 
(GPUs), each optimized for specific tasks, to enhance both performance and energy 
efficiency. The design leverages the flexibility of heterogeneous multi-core systems, which are 
well-suited for applications requiring high arithmetic-level parallelism and low energy 
consumption, such as real time signal processing in Edge IoT environments. The architecture 
also addresses the challenges of real time processing in Edge IoT systems by incorporating 
low-power cores and enabling dynamic task allocation to minimize energy usage during high-
performance tasks. 

Simulation Setup 

To evaluate the proposed architecture, a simulation-based approach is used to assess its 
performance in various real time signal processing scenarios. The simulation environment 
includes a range of tools and frameworks designed to model heterogeneous microprocessor 
systems and assess their energy efficiency, latency, and overall performance. Tools such as 
ModelSim for hardware simulation and MATLAB for signal processing tasks are used to 
simulate the operation of the heterogeneous system under different workloads. Additionally, 
software frameworks like Simulink are employed to integrate the heterogeneous architecture 
with real time signal processing algorithms, enabling detailed simulation of the system's energy 
consumption and performance metrics. 

The simulation setup also incorporates a range of Edge IoT-specific models to accurately 
replicate real-world conditions. For example, the system's behavior is modeled under varying 
power conditions, with specific attention paid to power-down states and dynamic voltage 
scaling, ensuring the system's energy efficiency is thoroughly evaluated across various task 
loads. 

Performance Evaluation Metrics 

The performance of the heterogeneous microprocessor architecture is evaluated using 
several key metrics to assess its suitability for Edge IoT applications. Energy efficiency is one 
of the primary metrics, which is measured by analyzing the energy consumption per task and 
the overall system's power usage during real time signal processing tasks. This includes the 
use of energy profiling tools that provide detailed data on how energy is consumed by 
different cores in the heterogeneous system. Additionally, latency is measured by assessing 
the time taken for signals to be processed from input to output, which is critical in real time 
applications where low latency is essential for making timely decisions. 

Real time performance is also a key evaluation metric, measured using real time Digital 
Signal Processing (DSP) benchmarks to test the system’s ability to meet deadlines and process 
data without interruptions. These benchmarks simulate typical Edge IoT workloads, such as 
video streaming, industrial automation, and healthcare monitoring, where maintaining real 
time performance is crucial. The latency and real time performance metrics are further 
analyzed to determine how well the heterogeneous architecture can handle time-sensitive 
tasks without significant delays, which is a fundamental requirement for Edge IoT systems. 

Workload Variability 

To ensure a comprehensive evaluation of the architecture’s performance, varying 
workloads are simulated to replicate the diversity of tasks that an Edge IoT system might 
encounter in real-world scenarios. These workloads include both low-complexity tasks, such 
as sensor data collection, and high-complexity tasks, such as video processing or machine 
learning inference. The simulation environment allows for dynamic adjustment of task 
complexity, ensuring that the system is tested under different power-performance trade-offs. 

The workloads are designed to mimic the real time processing scenarios typical of Edge 
IoT applications. For example, in a smart healthcare application, the system is tasked with 
monitoring vital signs and performing medical image processing in parallel, while in industrial 
automation, the system must handle large-scale sensor networks and process control signals 
in real time. By simulating these varying workloads, the architecture’s ability to maintain 
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energy efficiency, performance, and low latency under different conditions can be thoroughly 
evaluated. 

 

4. Results and Discussion 

The proposed heterogeneous microprocessor architecture demonstrated significant 
improvements in both energy efficiency and real time processing performance compared to 
traditional homogeneous designs. Energy consumption was reduced by up to 30% for light 
tasks and improved by 19 times during more computationally intensive tasks, with dynamic 
task allocation optimizing core usage. The system also reduced latency by 45% in real time 
applications such as video streaming and industrial automation, effectively meeting 
performance deadlines. Despite minimal trade-offs from the complexity of task scheduling 
and dynamic core management, the architecture effectively balances energy consumption and 
performance. This approach is particularly beneficial for Edge IoT systems, where low latency 
and energy efficiency are essential, offering real time processing while minimizing power use 
in battery-powered devices. 

Results 

The energy consumption of the heterogeneous microprocessor architecture was 
evaluated across various processing loads, showing significant improvements over traditional 
homogeneous designs. For light processing tasks, energy usage was reduced by approximately 
30%, with the system efficiently utilizing low-power cores. In contrast, for more 
computationally demanding tasks, the heterogeneous system demonstrated up to a 19-fold 
improvement in energy efficiency by dynamically allocating heavier tasks to more powerful 
cores while offloading lighter tasks to energy efficient cores. This dynamic reallocation 
strategy ensured minimal energy consumption without sacrificing performance. 

 

 
Figure 2. Energy Consumption Comparison: Heterogeneous Vs. Homogeneous 

Architectures. 
 

 
Figure 3. Latency Reduction Comparison: Heterogeneous Vs. Homogeneous Architectures. 
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The results of the comparison between heterogeneous and homogeneous architectures 
reveal significant improvements in both energy consumption and latency reduction. The bar 
graph illustrating energy consumption shows that the heterogeneous architecture consistently 
consumes less energy across both light and heavy task types, with the most notable savings 
observed during more computationally intensive tasks. In terms of latency reduction, the 
second bar graph demonstrates that the heterogeneous architecture significantly reduces 
latency, achieving up to a 45% reduction in video streaming scenarios, along with noticeable 
improvements in industrial automation and healthcare monitoring. These findings underscore 
the effectiveness of the heterogeneous design in optimizing both energy usage and real time 
performance, making it particularly suitable for Edge IoT applications where low power 
consumption and low latency are crucial. 

 
Table 1. Latency Reduction Table: A summary table provides the exact percentage of 

latency. 

Task Type 
Heterogeneous Architecture (Latency 
Reduction %) 

Homogeneous Architecture 
(Latency %) 

Video Streaming 45% 90% 
Industrial 
Automation 

40% 85% 

Healthcare 
Monitoring 

38% 83% 

 
This table highlights the significant latency reductions provided by the heterogeneous 

architecture, especially in tasks like video streaming and industrial automation, where low 
latency is critical for real time performance in Edge IoT applications. 

 
When evaluating real time processing performance, the heterogeneous architecture met 

the required real time performance constraints in various scenarios. In a simulated video 
streaming scenario, the system was able to reduce latency by up to 45% compared to 
traditional homogeneous processors. Additionally, during industrial automation tasks that 
required real time data processing, the heterogeneous architecture successfully met all 
deadlines, demonstrating its ability to handle time-sensitive workloads with low latency and 
high throughput. 

Discussion 

The results of this study highlight the significant advantages of heterogeneous 
microprocessor architectures for Edge IoT systems. The energy efficiency of the system is a 
key factor in making it viable for real time signal processing applications, where power 
constraints are critical. The ability to dynamically allocate tasks to the most appropriate cores 
based on workload demands ensures that the system remains energy efficient without 
sacrificing performance. This dynamic reconfiguration capability provides a substantial 
advantage over homogeneous designs, which do not have the same level of flexibility to adjust 
based on task requirements. 

While the heterogeneous architecture demonstrated impressive energy savings and 
performance, there were certain trade-offs. The complexity of task scheduling and dynamic 
core management added some overhead to the system, particularly when workloads 
fluctuated. For example, in applications where the workload varied significantly, the system 
had to frequently adjust the task allocation, which could slightly reduce performance. 
However, these trade-offs were minimal compared to the benefits in energy efficiency and 
real time performance, indicating that the architecture effectively balances energy and 
performance optimization for real time signal processing tasks. 

The heterogeneous design also has significant implications for Edge IoT systems, 
especially in applications where both energy efficiency and low latency are paramount. The 
architecture's ability to process data locally at the edge reduces the need for transmitting data 
to centralized servers, thus minimizing transmission delays and improving overall system 
responsiveness. This is particularly crucial in Edge IoT systems that support real time 
decision-making, such as smart healthcare and industrial automation, where timely data 
processing is essential for ensuring safety and efficiency. The energy efficient nature of the 
system further enhances its practicality for battery-powered devices commonly used in Edge 
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IoT applications, ensuring that power consumption remains low without compromising 
performance. 

 

5. Comparison 

The performance of the heterogeneous microprocessor architecture was compared to 
that of traditional single-core and homogeneous multi-core processor designs. In terms of 
energy consumption, the heterogeneous architecture demonstrated a significant reduction in 
power usage, especially during tasks with varying complexity. While single-core processors 
generally consumed more power under high computational loads, the heterogeneous system 
was able to allocate tasks dynamically to the most appropriate cores, effectively minimizing 
energy usage. Homogeneous multi-core processors, though offering some scalability, still 
lacked the fine-grained control provided by the heterogeneous system. The ability of the 
heterogeneous architecture to optimize energy consumption by using low-power cores for 
simple tasks and powerful cores for demanding tasks resulted in a much more efficient use 
of resources compared to both single-core and homogeneous multi-core designs. 

The heterogeneous architecture presents a balanced approach to energy efficiency and 
computational performance, outperforming homogeneous systems in most scenarios. While 
homogeneous multi-core systems offer scalability, they tend to consume more power as they 
are designed to handle all tasks with the same processing capabilities. In contrast, the 
heterogeneous system is able to optimize energy consumption by distributing tasks based on 
their computational demands, leading to lower power usage without sacrificing performance. 
However, the trade-off lies in the complexity of dynamic task scheduling and core 
management, which may introduce slight performance overheads, particularly when 
workloads fluctuate. This overhead is minimal compared to the overall benefits in energy 
efficiency, particularly in real time processing applications, where low power consumption 
and high performance are both critical. 

In real-world Edge IoT applications, the heterogeneous architecture provides substantial 
advantages, particularly in signal processing workloads. For example, in smart healthcare, 
where real time data processing and low latency are crucial, the heterogeneous system 
significantly outperformed homogeneous processors by reducing latency by up to 45%. The 
system's ability to dynamically allocate tasks to the most suitable cores also ensured that 
energy consumption remained low while meeting real time processing requirements. In 
industrial automation, where multiple sensor networks need to be processed in real time, the 
heterogeneous architecture demonstrated its flexibility by efficiently handling different types 
of tasks, ranging from simple sensor data collection to complex signal processing. The ability 
to process data locally at the edge, without relying on centralized servers, made the 
heterogeneous architecture particularly well-suited for Edge IoT environments, where 
reducing latency and maintaining energy efficiency are essential. 

 

6. Conclusions 

The proposed heterogeneous microprocessor architecture demonstrated significant 
improvements in both energy efficiency and real time processing capabilities compared to 
traditional homogeneous designs. The architecture’s ability to dynamically allocate tasks to 
the most appropriate cores based on computational demand resulted in a substantial 
reduction in energy consumption, particularly during high-performance tasks. Additionally, 
the system successfully met real time processing constraints, reducing latency by up to 45% 
in real time applications such as video streaming and industrial automation. These findings 
highlight the potential of heterogeneous architectures to optimize both energy usage and 
performance, making them well-suited for real time signal processing tasks in Edge IoT 
systems. 

The results of this study have important implications for the future development of Edge 
IoT systems. As Edge IoT applications continue to grow, the need for energy efficient and 
low-latency systems will become increasingly critical. The heterogeneous architecture 
presented in this study offers a promising solution to these challenges, as it can dynamically 
balance energy consumption and computational performance while meeting the stringent real 
time processing requirements of Edge IoT environments. The flexibility of this design makes 
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it adaptable to a wide range of applications, from smart healthcare to industrial automation, 
and it could serve as a foundational architecture for the next generation of Edge IoT systems. 

Future research should focus on further optimizing the proposed heterogeneous 
architecture, particularly in areas such as task scheduling and core management to minimize 
the overhead associated with dynamic reconfiguration. Additionally, evaluating the 
architecture in different IoT environments and under various workload conditions would 
provide valuable insights into its scalability and performance across diverse applications. 
Further exploration of hybrid approaches that combine the strengths of both homogeneous 
and heterogeneous designs could also offer additional improvements in energy efficiency and 
real time performance. Additionally, the integration of machine learning and AI techniques 
to adaptively optimize resource allocation in real time could enhance the system’s overall 
efficiency and performance. 
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