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CoMPUTATIONAL CHALLENGES OF THE RISE

ofF IoT

ABSTRACT

Since the world of the Internet of Things (IoT) has taken over how we interact
with technology daily. The increasing proliferation of loT applications across
many industries calls for flexible and energy-efficient computing solutions to
run the networks of connected devices. With the emergence of Reconfigu-
rable computing, also using Field Programmable Gate Arrays (FPGAs), speech
processing as well as many other processing and computation intensive ap-
plications, has been shown to be ideally suited for loT sensor nodes and edge
devices to get the best combination between processing capability and pow-
er consumption. In this article, we explore the possibility of reconfigurable
computing as solution to the special problems of loT systems, and novel ways
that can enhance their performance and energy efficiency.
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Table 1: Processing Power in Reconfigurable

With the adoption of billions of connected devices
across the odd and unique applications which includes
smart home and cities, to industrial automation
and environmental monitoring, the adoption of loT
technology has been exponential. This proliferation
presents several key challenges:

1. Dynamic workloads: loT Applications have varying
computational requirements, some tasks have
high computational power requirements while
some others are less computational overhead.

2. Energy constraints: Power efficiency is critical to
provide battery or energy harvesting powered loT
devices to last.

3. Diverse application requirements: Depending
on what you want to use the loT for, you may
need different computational capabilities, 1/0
interfaces, or communication protocols.

This feature allows loT sensor nodes to dynamically
insert specialized hardware accelerators or adjust
communication interfaces in an ongoing fashion,
without interrupting operations.['

loT Computing
Factor Influence

Parallel Parallel processing increases computational

Processing speed by executing multiple tasks simulta-
neously, improving real-time performance in
loT devices.

Clock Clock frequency control adjusts the

Frequency operating speed of reconfigurable hardware,

Control optimizing performance while reducing
power consumption.

Data Data bandwidth management ensures

Bandwidth efficient data transfer between components,

Management |minimizing bottlenecks and improving
system throughput.

Task Task  scheduling  algorithms  allocate

Scheduling processing tasks efficiently across available

Algorithms resources, enhancing execution speed and
reducing idle time.

Hardware Hardware acceleration leverages specialized

Acceleration |computing units like FPGAs to optimize pro-
cessing power while minimizing energy con-
sumption.

Load Load balancing techniques distribute com-

Balancing putational tasks evenly across the system,

Techniques |preventing performance degradation and
energy inefficiencies.
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Fig. 1: Computational Challenges of the Rise of loT

Partial reconfiguration can be leveraged to:

1. Run task specific processing units whenever they
are required

2. Change to accommodate changing environmental
or network protocols

3. Update in field to add extra functionality or
security features.

Partial reconfiguration allows loT devices to sacrifice
some of their static footprint to be more adaptable to
meet a variety of tasks.['"

FPGA-Basep IoT pevice ENERGY-
EFFicieENT DESIGN TECHNIQUES

Battery powered loT devices have to be as energy
efficient as possible. Several techniques can be
employed to reduce power consumption in FPGA-
based systems:

Dynamic Voltage and Frequency Scaling
(DVFS)

DVFS: adjusts the operating voltage and clock
frequency of the FPGA dependent upon current
workload. If these parameters are reduced at those
times of low activity, significant power saving can be
achieved. Implementation of DVFS in FPGAs requires:

1. Fine-grained clock management

2. Voltage regulation circuitry

3. Predicting and responding to workload changes
with intelligent control algorithms

Power Gating and Clock Gating

Closing unused areas of the FPGA with power gating
or stopping clock signal to inactive modules with clock
gating. Static and dynamic power consumption in loT
devices can be drastically reduced by both techniques.
Effective implementation requires:

1. Careful partitioning of FPGA design into regions
capable of being gatable

2. Minimizing latency when reactivating modules
with fast wake up mechanisms

3. How to intelligently gate components based on
the power management policies.

Hardware Accelerators

Specific computationally intensive tasks can be
offloaded to the custom hardware accelerator and
relieve the main processor of this workload, speed up
and reducing energy consumption. For loT applications,
common accelerators might include (Table 2):

1. Secure (encrypted) communication encryption

and decryption engines
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Table 2: Energy Efficiency Techniques for Reconfigurable loT Systems

Technique

Optimization Benefit

Dynamic Voltage
Scaling

Dynamic voltage scaling reduces power consumption by adjusting the voltage levels of processing units
based on workload demands.

Power Gating
Mechanisms

Power gating mechanisms selectively disable inactive hardware components, lowering energy con-
sumption in idle or low-usage scenarios.

Data Compression

Data compression strategies minimize the amount of transmitted and stored data, reducing processing

Circuit Design

Strategies load and energy expenditure.

Adaptive Adaptive resource allocation dynamically assigns computational resources based on workload varia-
Resource tions, optimizing power efficiency.

Allocation

Low-Power Low-power circuit design incorporates energy-efficient transistors and logic gates, reducing overall

energy consumption in reconfigurable computing systems.

Thermal
Management

Thermal management solutions use intelligent cooling techniques to maintain optimal operating tem-
peratures, preventing overheating and energy wastage.

Solutions

2. Sensor data analysis DSP blocks
3. Edge Al applications machine learning inference
accelerators

When these functions are implemented on FPGA based
IoT devices, they can achieve higher performance
at lower power levels than what is achievable using
software..

Reconfigurable Communication Interfaces
for the Internet of Things Connectivity
More often than not loT devices have to communicate
with multiple sensors, actuators, and network
technologies, often requiring support of several
communication protocols. Flexible reconfigurable
communication interfaces based on FPGAs can adapt
to different standards or requirements without re-
splicing the device.

For Wireless Connectivity using Software
defined Radio (SDR)

With software defined radio implementations on
FPGAs, loT devices can support, or ‘mash’, multiple
wireless protocols on a single hardware platform. This
approach enables:

1. Analysis of Dynamic switching between various
wireless standards (LoRa, Zigbee, Bluetooth)

2. Regional frequency regulations adaptation

3. Use of custom or proprietary wireless protocols.

The FPGAbased loT devices support diverse ecosystems
by using SDR capabilities to ensure the compatibility
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with various ecosystems and adapt to fast changing
communication standards.

Wired Interfaces, Reconfigurable.
For wired connectivity, FPGAs can implement various
serial and parallel interfaces, such as:

1. Universal Asynchronous Receiver/Transmitter that
we abbreviate to UART.

2. Serial Peripheral Interface or SPI.

3. Inter-Integrated Circuit

4. Ethernet

This enables these loT devices to reconfigure their
interfaces in order to achieve best connectivity
according to the different requirements of each
deployment scenario. Reconfigurable loT Systems at
the Edge and Accelerated Al. With the growing number
of loT networks producing more data, we need the
ability to process information at the ‘edge’ location
- closer to the source. Because FPGAs are efficient,
parallel processing architectures fully usable for
edge computing tasks, FPGAs are well suited for edge
computing tasks [12]-[23].

AI ACCELERATORS THAT ARE
RECONFIGURABLE

With machine learning and artificial intelligence
becoming integral parts of many loT applications, it’s
becoming increasingly important to ensure end-to-end
security of these. FPGA-based systems can implement
reconfigurable Al accelerators that provide. Real-time
decision making (inference) with low latency. If you
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are having trouble reading this article on Medium, |
would recommend taking a look at Medium’s support
documentation. Ability to work in various neural
network architectures. Better energy efficiency than
generic purpose CPUs or GPUs. With reconfigurable
Al accelerators, loT edge devices can make complex
analytics and decision making possible without
network connectivity to the cloud.?+%

Dynamic Task Offloading

With reconfigurable computing, the task offloading
can be dynamically performed between edge devices
and cloud resources. This flexibility allows loT systems
to (Figure 2):

1. Handle fractionation

2. Optimize the resource utilization in the whole
network

3. Minimize energy consumption through balanced
processing loads

Reconfigurable loT systems can achieve optimal
performance and efficiency by intelligently re-
configuring the computational tasks across edge
devices and cloud infrastructure. Reconfigurable loT
Devices Security Considerations. With more and more
loT devices and carrying more and more sensitive data
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SECURITY FEATURES

FPGAs can implement robust hardware-based security
features,0 including:

1. True random number generators for cryptographic
operations are.

2. Preventing unauthorized firmware modifications
through secure boot mechanisms

3. Hardware acceleration encryption engines for
data protection

This constitutes a strong basis for developing loT
devices with a resistance to various attacks.

Dynamic Security Updates

FPGA based systems are reconfigurable that enables
quick update of security updates to combat the
emerging threats. This capability enables:

1. Hardware vulnerability patching without having to
replace your physical device

2. Introducing new encryption algorithms or security
protocols
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3. Adaptation to dynamic security standard and
regulations

By using reconfigurable hardware, loT devices can
continue to be security strong throughout operational
lifetime. [33-3]

Challenges and future directions in
reconfigurable IoT computing.

While reconfigurable computing offers significant
potential for loT applications, several challenges must
be addressed to fully realize its benefits:

1. Design complexity: Specialized skills and tools are
needed to create efficient FPGA designs limiting
adoption to some of the loT areas.

2. Power consumption: For many applications,
FPGAs can be made more energy efficient than
ASICs at the expense of higher power consumption.

3. Cost considerations: While initially more
expensive than standard microcontrollers, FPGA
based solutions may offer greater flexibility and
longer lifespans, which cashes out given a large
enough application.

4. Standardization: There are no standardized
reconfigurable computing platforms for loT
that hinder interoperability and ecosystem
development.

Future research and development efforts are likely to
focus on addressing these challenges through:

1. A set of improved design tools and high level
synthesis techniques to reduce the FPGA
development effort.

2. Lowpower FPGA architectures and advanced
power management

3. Open source reconfigurable computing platforms
for the internet of things (loT)

4. FURTHER Reducing power consumption with
Integration of Emerging memory technologies like
non volatile FPGAs.

With ongoing advancements reconfigurable computing
will become increasingly important to the way loT
systems will operate in the future.

CONCLUSION

FPGAs lend themselves as powerful and flexible
resources for reconfigurable computing, and in
particular for addressing the unique challenges in loT
applications. Reconfigurable systems enable dynamic
adaptation of time, space, frequency, value, and power

for optimized energy efficiency, hardware resources,
as well as robust security features, which form a
foundation for building next generation loT devices and
networks. As the loT ecosystem matures, capability
to customize and modify hardware functionality will
be critical. By providing reconfigurable computing
solutions for 10T, they can help future proof and adapt
my implementation of loT investment, and future proof
the method of work of my connected devices. While
issues of design complexity and standardization still
exist, the ongoing research and development efforts
are steadily increasing reconfigurable computing
accessibility and efficiency for loT applications. Since
these technologies are still maturing, we should soon
witness a wider adoption of FPGA based solutions
in various loT areas, like smart cities and industrial
automation, as well as health care and environmental
monitoring. If we are to have a future of loT then
it will be fully adaptive, efficient and secure with
devices that seamlessly merge into our continuously
connected world. Reconfigurable computing plays a
leading role in this aspect of the evolution, offering
the flexibility and performance required to fuel the
wave of intelligent, connected systems to come.
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