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Abstract

The performance of present-day Internet of Things (IoT) computing boards is primarily based on their architectural designs

and selection of appropriate application scenarios. This paper conducts a comprehensive and comparative survey of 60 popular

and commercially available IoT computing boards with respect to various performance metrics. The metrics include the

capability of processor, available interfaces, available modules for communication, available memory interfaces, power system-

related specifications, over-the-air programming capability, Geo-location capability, shielding capability, compatibility with other

IoT computing boards, and availability of community support/integrated development environment. Further, we highlight

the selected 60 IoT computing boards’ architectural advancements that result in diverse real-world application capabilities.

Moreover, we also discuss possible application scenarios of the IoT computing boards and their implementation details in the

context of selected performance metrics. Our comparative survey on the selected 60 IoT boards can be helpful for the IoT board

manufacturers and the system developers to understand the state-of-the-art designs requirements. Furthermore, the insights

can be used to develop IoT computing boards for appropriate future application scenarios.
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Abstract—The performance of present-day Internet of
Things (IoT) computing boards is primarily based on their
architectural designs and selection of appropriate application
scenarios. This paper conducts a comprehensive and comparative
survey of 60 popular and commercially available IoT computing
boards with respect to various performance metrics. The metrics
include the capability of processor, available interfaces, available
modules for communication, available memory interfaces, power
system-related specifications, over-the-air programming capabil-
ity, Geo-location capability, shielding capability, compatibility
with other IoT computing boards, and availability of commu-
nity support/integrated development environment. Further, we
highlight the selected 60 IoT computing boards’ architectural ad-
vancements that result in diverse real-world application capabil-
ities. Moreover, we also discuss possible application scenarios of
the IoT computing boards and their implementation details in the
context of selected performance metrics. Our comparative survey
on the selected 60 IoT boards can be helpful for the IoT board
manufacturers and the system developers to understand the state-
of-the-art designs requirements. Furthermore, the insights can
be used to develop IoT computing boards for appropriate future
application scenarios.

Index Terms—Internet of Things, IoT, computing boards,
architecture, performance analysis.

I. INTRODUCTION

THE introduction of the Internet of Things (IoT) has
transformed the way we interact with the world, from

smart watches that monitor our activities and inform us
about our health status to systems such as pacemakers which
keep weak human hearts functional. In particular, present-day
wireless/wired interactions around us have been part of the
systematic progress of the Internet’s evolution. The necessity
and possibility of such interactions are primarily initiated by
multiple active embedded systems that rely on the Internet for
certain functions and reach the intended recipients. Therefore,
to understand and compare the existing technological devices
built on such wide platforms, it is necessary to understand IoT
and its functionality.

There is no unique IoT definition and the introspection
changes on the basis of application scenarios. For exam-
ple, Radio Frequency Identification (RFID) tagging is one
of the earliest implementations of IoT devices. Note, RFID
tagging was invented during the World War II to identify
enemy aircraft. The German military incorporated RFID-based

A. D. Dhruva, S. Babu, and B. S. Manoj are with the Indian Institute
of Space Science and Technology, Thiruvananthapuram, Kerala 695547,
India. A. Chakraborty is with the University of California, San Diego,
CA 92093, USA. E-mail: {ananthadattad, sarath.babu.2014, abhishek2003slg,
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detection of spy planes in the vast landing regions of the
mainland [1]. Also, object tagging with back-scattering was
another early-days implementation for the RF-based passive
device identification mechanism.

There exist different ways of looking into the definition
of IoT. It can be explained based on the interactions of
different intelligent devices (or things) which communicate
among themselves by exchanging data and controlling in-
formation over wired or wireless medium. To begin, we
mention the definition provided by the Institute of Electrical
and Electronics Engineers (IEEE) [1]: “A network of items —
each embedded with sensors — which are connected to the
Internet.” Therefore, IoT can be considered as a network of
uniquely identifiable items or things connected to the Internet.
In addition, the IoT devices have unique sensing/actuation and
potential programming capabilities, and the state of an IoT
device can be updated/changed from anywhere at anytime,
using the Internet connectivity of the device.

The concept of IoT has found its niche in many industries,
such as manufacturing, environmental monitoring, transporta-
tion, medical, infrastructure management, home automation,
energy management, media and entertainment, agriculture,
and security [2]. Here, the application requirements can be
achieved using specific devices, i.e., sensors, actuators, gad-
gets, appliances, or machines that can interact over the Internet
using a wired or wireless connectivity. However, such devices
are generally specific to their constraints and perks, thereby
correlating with their functionalities.

However, one of the critical limitations of IoT devices
is limited energy resources, especially in battery-driven IoT
devices. In order to overcome energy storage-related limita-
tions — upgrades in power storage, delivery, and acquisition
systems are needed. Another limitation is the range of com-
munication (i.e., transmission or reception) with which the
IoT devices are operated. Note, communication range and data
rate can be enhanced by improving RF efficiency with better-
designed links or switching options to other types of wireless
communication technologies. One such example is Li-Fi which
offers a very high communication link bandwidth [3]. Fur-
ther, the need for better computation and storage capabilities
are gradually increasing in today’s IoT systems to perform
computationally intensive tasks such as image processing or
implementing large-sized machine learning- or deep neural
networks-based operations [4].

A significant concern for any IoT system design is assuring
the system security. Ill-conceived IoT systems are vulnera-
ble to numerous cyber threats and frequently create severe
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damage to the systems. Such vulnerable IoT systems can be
extremely harmful when real-world data processing and related
applications are considered [5], [6]. Moreover, the application
universality of the IoT systems is not achieved yet. As a result
that, an IoT device designed for a specific set of tasks may
have to be significantly modified to execute a different set of
operations [6]. Therefore, the universality of IoT systems can
also be considered a limitation.

Presently, there exist a variety of IoT computing boards.1

This survey paper focuses on the 60 IoT computing boards
and performs a comparative architectural study. We provide a
complete list of 60 IoT computing boards as a supplementary
document (refer to Annexure - I with the IEEE DataPort
DOI: 10.21227/jf6q-k239). In particular, this survey focuses
on studying the IoT system implementation in conjunction
with the world of embedded systems. Keeping in mind the
previously discussed definition of IoT, we discuss the applica-
tion possibilities and perform the comparative parametrization
of the existing single board computing platforms. To the best
of our knowledge, the survey of this IoT computing boards is
one of its first kind.

Rest of the survey is organized as follows: In Section II,
the motivation behind the comparative survey of the IoT
computing boards is highlighted. The performance metrics for
comparing all the 60 IoT boards are described in Section III.
Section IV, on the other hand, presents a comparative study
among the chosen IoT board. Next, in Section V, key observa-
tions on the selected IoT computing boards are summarized.
At last, Section VI concludes the survey with a few future
research directions.

II. MOTIVATION

The evolution of the embedded systems, which is one
of the cornerstones for the development of the present-day
IoT computing boards, become possible due to the advance-
ments in the domains of embedded computing, miniaturiza-
tion, growth of the Internet, integrated development tools,
and software accessibilities [7]. The embedded systems-based
devices have incorporated in such a way that there exist
very few electrical devices that do not have inbuilt embedded
systems. This advancement is possible due to the unique
ability of microprocessor and microcontroller industries to
simplify many approaches such as better handling of product
range, better handling of user applications, maintenance of
existing products, and the growth in the technology domains.
Nowadays, even college undergraduates often use embedded
system boards, such as Arduino and Raspberry Pi, that are
readily available, cheap, and supported by open-source op-
erating systems and application software along with a rich
community support.

It can also be observed that the Internet has been evolv-
ing rapidly and changes our daily lives in terms of digital
connectivities and the application domains. Further, present-
day embedded systems incorporate IoT principles to enhance
application domains and user experience and fulfill various

1Here, “IoT computing boards” and “IoT boards” are synonymous, and we
use them interchangeably in this paper.

List of Acronyms

ADC Analog-to-Digital Converter
AP Access Point
ATA Advanced Technology Attachment
BLE Bluetooth Low Energy
CAN Controller Area Network
DAC digital-to-Analog Converter
DDR Double Data Rate
DRAM Dynamic Random Access Memory
ECU Electronic Control Unit
EEPROM Electrically Erasable Programmable RAM
GNSS Global Navigation Satellite System
GPIO General Purpose I/O
GPRS General Packet Radio Services
GSM Global System for Mobile Communications
I2C Inter-Integrated Circuit
I/O Input/Output
IEEE Institute of Electrical and Electronics Engineers
IoT Internet of Things
ISA Industrial Standard Architecture
ISM Industrial, Scientific, and Medical
LAN Local Area Network
LoRa Long Range
LTE Long-Term Evolution
NB-IoT Narrow Band IoT
PCI Peripheral Component Interconnect
RAM Read-Only Memory
RFID Radio Frequency Identification
RISC Reduced Instruction Set Computer
SARM Serial Advanced RISC Machine
SCSI Small Computer System Interface
SDRAM Synchronous DRAM
SoftAP Software AP
SPI Serial Peripheral Interface
SRAM Static RAM
UART Universal Asynchronous Receiver/Transmitter
USB Universal Serial Bus
WAN Wide Area Network

industries’ requirements. Therefore, when a new industry
aims to implement IoT-based system design, it must perform
extensive requirement analysis and foresee available advance-
ments in existing systems. Similarly, detailed and comparative
knowledge about the existing technological innovations on
the research front is required to incorporate the next-level of
advancements. Our observations, which led to this comparative
survey, summarize the state-of-the-art advancements of the
selected 60 IoT computing boards and also highlight future
IoT computing board development and prototyping directions.

Note, it is essential to quantify a few specific properties
of the selected IoT boards to enable system designers and
researchers to select appropriate IoT boards for their system
designs/experiments. In this survey, we attempt to document a
unique understanding of how the existing IoT boards cater to
the needs for rapid prototyping and development by quantita-
tively comparing a few critical performance metrics. In order
to understand this evolving enhancement, we utilize a handful
important performance metrics for the classification of the
selected IoT boards and perform a comparative analysis to
gain insights about the developments of the future IoT boards

https://dx.doi.org/10.21227/jf6q-k239
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in a holistic approach.

III. PERFORMANCE METRICS FOR CLASSIFICATION

We select the following performance metrics to represent
a set of standard features for the selected 60 IoT boards:
(i) processor capability, (ii) available interfaces (serial and
parallel), (iii) communication modules available, (iv) memory
interface, (v) power system-related specifications, (vi) over-
the-air programming, (vii) Geo-location capability, (viii) avail-
ability of shields, (ix) compatibility with other IoT boards, and
(x) community support/integrated development environment.
In the following, each of the performance metrics is discussed
briefly.

A. Processor Capability

Every embedded system design includes a microcontroller
or a microprocessor to execute commands and process cer-
tain information, handle tasks autonomously, process or relay
data, and perform the IoT system’s core functionalities. Note,
processor capabilities can be defined based on the following
parameters:

(i) Clock speed gives an approximate measure of the number
of instructions executed per second.

(ii) Graphic acceleration specifications deal with high-
quality videos and photos.

(iii) The number of cores helps execute parallel computation.
Therefore, the selection of a particular processor is pri-

marily based on the specifications of each of the previously-
mentioned parameters. Moreover, many logical and compu-
tational operations can be implemented over the processors
when specific IoT applications are considered.

B. Available Interfaces

Interfaces that communicate with sensors, actuators, and
other machines are essential components in an embedded sys-
tem. Such interfaces are generally made according to specific
standards for commonality of implementation and expansion.
Interfaces can widely be classified into two categories: serial
and parallel interfaces. Note that the two interfaces are gener-
ally compared based on the type, speed, and quantity of the
specific interface type in a system. Each interface also consists
of an I/O port for communication to the external world. In the
following, each of the interfaces is highlighted.

a) Serial Interface: Numerous serial interface options
are being implemented with varying data rates, the complex-
ity of implementation, and the number of possible devices
connected to a particular interface. For each embedded IoT
system, a serial interface mechanism is required to interact
with other devices within the system. There can be actuators,
sensors, or machines that send and receive data in a particular
format (most widely a serial interface). Among the available
serial interfaces, the following serial interfaces are chosen to
perform a comparative analysis:

(i) Controller Area Network (CAN) is one of the most
widely used protocols in the automobile industry and
handles many crucial aspects of an automobile system

without a host system. In particular, CAN protocol is
similar to the nervous system of automobiles and in-
terconnects Electronic Control Units (ECUs) to form a
network. A generated message at a node (i.e., an ECU)
is broadcast by CAN to other nodes in the network, and,
based on the relevance of the message, a particular action
is taken at a selected node. Note that each message has
its priority and can deliver the generated messages based
on their importance. Therefore, CAN is a message-based
protocol and is very reliable, efficient, simple, single bus,
and fully centralized [8].

(ii) Ethernet is a family of wired Internet protocols used
widely to access the Internet. An Ethernet cable has
a physical encased wiring over which data packets are
transmitted and helps users to interact with Local Area
Networks (LANs) or Wide Area Networks (WANs). Note,
Ethernet infrastructure is backward compatible, econom-
ical, and also able to provide speed up to 400 Gbps [9].

(iii) Serial Peripheral Interface (SPI) is a synchronized data
transmission system with master-slave configuration and
capable of simultaneously sending and receiving data
packets, i.e., with the help of a full-duplex mechanism.
SPI is a 4-pin wired interface with multiple architectures
available for use, and an example is multiple slaves
and a Daisy chain. Note, this approach is widely used
in embedded systems while interconnecting electronic
components such as Analog-to-Digital Converter (ADC),
Digital-to-Analog Converter (DAC), shift register, and
Serial Advanced RISC Machine (SARM) [9], [10].

(iv) Inter-Integrated Circuits (I2C) is an asynchronous data
exchange system that utilizes two wired connections with
one wire carrying a clock and the other transporting data.
I2C is most widely used for short-distance communica-
tion between controller chips and other subsystems in a
device. Different modes of operation of I2C makes it con-
venient for implementing application-specific frequency
rate to transfer data packets [10].

(v) Universal Asynchronous Receiver/Transmitter
(UART) is one of the oldest serial communication
protocols used for connecting teletypes to minicomputers.
In particular, UART is a straightforward messaging
system with a start bit and an end bit tagged along
with a parity bit for data communication. Note, UART
is a 2-wired protocol with the following modules:
(i) transmitter and (ii) receiver. A full-duplex system
can be implemented using UART protocol with a data
transfer rate up to 115,200 baud rate [9].

(vi) Universal Serial Bus (USB) is one of the most famous
serial interfaces to connect a wide range of peripheral
devices. Note that USB is designed with different form
factors for multiple device sizes. USB is also used as a
powering up of the devices [9]. There are various USB
versions, with the most recent one is USB 3.0 and a data
transfer rate of approximately 5 Gbps [11].

b) Parallel Interface: Though parallel communication
interfaces are rarely used in embedded IoT systems, we
observe the availability of parallel interfaces such as Industrial
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Standard Architecture (ISA), parallel Advanced Technology
Attachment (ATA), Small Computer System Interface (SCSI),
Peripheral Component Interconnect (PCI) bus, and General
Purpose Interface Bus (GPIB IEEE-488). The above technolo-
gies are seen in the pool of selected boards. Note, we include
various parallel interfaces in our study.

C. Communication Modules

A communication module interacts with the processor and
the network, thus influencing network processing require-
ments, application expansions, and required hardware drivers.
There exist many diverse communication modules, such as
different versions of Wi-Fi, Bluetooth, and Ethernet. The fol-
lowing are the critical aspects of the communication modules:

(i) The first key aspect of the communication module is the
communication protocol in use and the corresponding
standard for the IoT computing boards. There are numer-
ous standards such as Long Range WAN (LoRaWAN),
Wi-Fi, Bluetooth Low Energy (BLE), and Optical links
based on Li-Fi.

(ii) The next central avenue of the communication module
is the flexibility of the protocol used. For example,
more than one version of a particular communication
protocol is mentioned earlier in this paper. Also, specific
boards can perform flexible operations within the family
of protocols. This parameter defines the compatibility
parameter of the IoT boards.

(iii) Further, every wireless communication standard is pos-
sible only with an On-Chip/ Integrated antenna. That
is, specific boards are replaceable based on application
requirements.

An important aspect is the availability of wired and wireless
communication interfaces to choose the boards specific to the
application in some instances. Each of the chosen communi-
cation protocols is discussed below:

a) Wi-Fi and Wi-Fi/SoftAP: Wi-Fi belongs to the
IEEE 802.11 standard family of wireless communication pro-
tocols. In this paper, we consider varied versions of the Wi-
Fi family of protocols such as IEEE 802.11a, IEEE 802.11b,
IEEE 802.11g, and a combination of IEEE 802.11a/b/g/n.
Each of such protocols deals with the properties of the Wi-Fi
module and its capabilities. Wi-Fi provides a communication
range of 20 meters for indoor and approximately 100 meters
for outdoor scenario [12]. Software Access Point (SoftAP) is
the capability of an IoT module to form an access point for
network connectivity for Wi-Fi. The module hardware may
not be originally designed as a router. However, a certain set
of software can transform the IoT board with SoftAP into a
virtual router. This capability is also studied for various boards
in Section V.

b) Bluetooth: Bluetooth is a part of the IEEE 802.15.1
standard. It is a short range (typically about 8 meters), low
cost, and low power consumption suitable for communication
between close-range mobile devices. Furthermore, an ultra low
power version of Bluetooth named BLE is also a potential
communication mode for future IoT computing boards [12].
Although BLE offers lower data rates compared to Bluetooth,

a significant number of sensor nodes and applications can
fulfill this requirement [13].

c) LoRaWAN: Developed by the LoRa Alliance (open
and non-profit association), LoRaWAN is a recent technology
used for long-range communication, and it is specifically
designed for IoT networks. Although LoRa has a low data rate
compared to other protocols (typically 0.3 kbps - 50 kbps),
it realizes an operational system of nearly 30 kilometers in
range without the presence of obstacles and is also generally
designed with a battery-operated lifetime of up to 10 years.
LoRaWAN operates in the Industrial, Scientific, and Medi-
cal (ISM) band, and it aims to have a unified protocol that
defines a global standard for various IoT operators [12].

d) Cellular Technology: Cellular networks operate over
terrestrial areas, including 2G, 3G, 4G, and 5G networks. Each
cell is equipped with a cellular transceiver that will establish a
communication system within the subscribed mobile devices,
and this can be utilized to build a very wide IoT network [14].
This paper compares some of the boards capable of networking
with the cellular technologies using the Global System for
Mobile communication (GSM) standards and Long Term
Evolution (LTE) standards. IoT systems can potentially use
such well-established cellular technology to meet application
demands. The 2G, 3G, and 4G networks are now the most
prominent ones in the cellular industry, which often offer low-
cost, high expansive networking systems with constrained data
rates for wireless IoT. Specific boards under consideration have
these capabilities.

e) SigFox: SigFox is a global network operator estab-
lished in France that developed a technology for wireless
networks for low-power devices configured for continuous data
transmission at periodic time intervals. SigFox operates in the
ISM band to provide network coverage to large land areas.
SigFox is also capable of handling dense networks and is
promising for IoT network expansions [15].

D. Memory Interfaces

The amount of memory supported can roughly represent the
addressing capability of the processor. The memory interface
also implies the memory card slot provision other than the de-
vice’s internal memory and plays an essential role in handling
the onboard processing of certain information. The memory
capacity also determines the data transfer rate required in
conjunction with the application the device is oriented to be
used. This survey selects IoT boards with various memory
storage options such as SRAM, DRAM, EEPROM, DDR2,
DDR3, and Flash. A combination of different storage types
can be found on each board. A brief explanation for each
storage variant is mentioned in the following.

a) Static Random Access Memory (SRAM) and Dynamic
Random Access Memory (DRAM): Random-access memory
storage employs flip-flops to manage the storage of a bit.
The static variety of RAM employs only latching circuitry to
manage the storage, whereas the Dynamic RAM variety uses
a refreshing circuit to maintain the bit information constantly.
SRAM has a faster response time and has a low packing
density compared to DRAM [16]. In the comparative study,
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we have visualized the contribution of these data storage in a
particular board.

b) Electrically Erasable Programmable Read-Only Mem-
ory (EEPROM): A variety of read-only memory devices
are generally included in IoT computing boards to store
firmware essential for the board’s operation. The storage
size is generally tiny, in kilobytes or less. We rarely find
EEPROM storage usage in modern boards. However, Arduino
utilizes this storage system in most of its boards to store the
operational firmware. EEPROM is used in RFID tags to enable
reconfigurable RFID card set for various applications [17].

c) Double Data Rate (DDR) Synchronous Dynamic
Random-Access Memory Series: DDR series is a descendant
of the Synchronous SDRAM that utilizes a clock to enhance
the memory transfer speed and capacity. There are various
versions of DDR memory available: (i) DDR that uses double
data rate architecture and enables the transfer of two data
words in one clock period [18], (ii) DDR2 surpasses DDR
by higher speed and low power requirement and executes
process using pipe-lined, and multi-bank architecture [18],
(iii) DDR3 is an updated production of DDR2 and provides
a memory reset option with increased data transfer rate [19],
and (iv) DDR4 has larger operational bandwidth, increased
frequency, and lower power consumption to give better data
rates [20].

Availability of options for cloud-based storage associated
with the board is also a viable futuristic option for the currently
available boards.

E. Power System-related Specifications

This parameter influences the duration of autonomous op-
eration and overall performance metric in power consumption
and operational ease. We classify the power-related specifica-
tions into two categories.

• Battery-powered systems
1) The capacity of the battery
2) Number of service hours before complete discharge
3) Lifetime and life cycle of the battery

• Wall socket/Adapter powered
1) Adapter specifications

The previously mentioned parameters form the basis of the
analysis to classify the boards into various categories of power
operations, and for a user, a particular board can be identified
to best suit the application and compared accordingly.

F. Over-the-Air Programming

Over air programmable devices incorporate a mechanism in
which software can be distributed between different nodes in
an IoT network. The software is sent to the nodes as firmware
updates and is executed automatically without the respective
nodes’ intervention or authorization. Similar to the firmware
updates for enhancing security in smart phones [21], as the
standards evolve for more security, this over-the-air program-
ming is employed for distributing the software to enhance user
experience and security [22]. The same technique is now being
incorporated into upcoming IoT devices, where we can send

new codes that are captured, stored, and utilized for further
operations by the IoT nodes. This process can be facilitated
over a networking protocol such as Wi-Fi, LoRa WAN, BLE,
Cellular, and many other wireless or wired standards [23].

G. Geo-location Capability

Geo-location is an ability to identify the position of the de-
vice using specific satellite systems such as Navstar GPS [24],
[25] and NAVIC [26]. Each of the satellite systems has an
associated receiver mechanism. The information we obtain
from them can help us identify our position, direction of
motion, and velocity in near real-time. An example of it being
used is IoT achieving its place in space satellite systems [27].
We need to consider this new Geo-location capability as a
helping hand in many applications connected to navigation,
guidance, and control.

H. Shielding Capability

Shields are commonly referred to as hardware or software
components added to available boards/ modules. The shields
are commercially available for use and are specific to certain
applications [28], [29]. The additions may include interface ex-
tension, additional antenna, respective circuitry, or additional
computational support for image processing. Such expansible
capability for an IoT board can push the board to become a
generic design applicable for many operations.

I. Compatibility with Other Boards

With many boards coming into the market, a new goal
emerges in the developer community of being pin to pin
compatible with other widely used boards such as Arduino.
A commonality in pin layout and software support systems
is essential as it allows the end-user to interoperate various
boards with much more freedom. This principle makes add-
on components to these development boards, and the add-on
hardware components are called shields. This compatibility
in pin connections and software will improve the application
range of particular hardware used in an IoT system.

J. Community Support/Integrated Development Environments

Community support refers to the amount of information
and discussion forums available on specific boards usage
from the users. Such forums play an essential role in the
faster development of a product. Such forums also provide
easier debugging as the community enthusiasts experiment and
bring out innovative solutions and, in turn, help in developing
the board in ways not perceived. A developer community is
generally a voluntary setup run by individuals from all over
the world that are active developers of many boards, trying to
develop applications collaboratively. Integrated Development
Environment (IDE) is a software module that helps us interact
with the IoT computing board and simplify the process of
deployment and operation. IDEs provide efficient mechanisms
to configure source code, build automation tools, and help to
debug. In addition, some IDEs provide syntax highlighting,
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Fig. 1: The year-wise release of the IoT computing boards.

code completion, version control for software, code searching,
and visual programming capability.

Fig. 1 shows us the year-wise release of the computing
boards considered for the analysis; various shades show the
level of open-source from a particular board. They give us an
idea about the distribution of boards we refer to here. The
level of open-source, as mentioned in the figure, is calibrated
as follows:

1) Open Sourced Software and Hardware that are readily
available on the Internet with complete support from the
designer(s).

2) Partially Open-sourced Hardware or Software where
some parts of an IoT board may have Intellectual Prop-
erty (IP) protection. Any such board with an IP-protected
segment can be considered in this category.

3) Proprietary Hardware and Software where the design-
ers have complete rights over the hardware they use and
the software they provide.

IV. COMPARATIVE ANALYSIS OF THE IOT COMPUTING
BOARDS

The chosen IoT computing boards highlight the advance-
ments in the embedded IoT domain by characterizing the
architectural aspects and comparing them based on the metrics
defined in Section III. The metrics provide us numeric data that
are analyzed in Section V. Moreover, the extracted data can
be used to characterize the boards’ capabilities. The metrics
under analysis are listed as follows:

A Interface provision
B Clock cluster
C Memory distribution
D IDE/Community support
E Internet interface provision
F Special provisions

A. Interface Provision

The interface analysis considers the number of available
analog and digital pins which serve as a standard interface.
The pins are performing actions corresponding to the protocols
discussed in metrics of classification Section III-B.

We considered the number (or, count) of analog and digital
pins in each board to indicate the interface provisioning. There
is also a statistical indicator for the number of boards with the
same total number of pins in Fig. 2.

The number of pins gives us the range of applications
realizable by the specific board. Many boards tend towards
rapid prototyping that necessitates identifying the number of
pins for a particular application. The distribution of several
pins will also make us aware of interface possibilities, and
this distribution is indicated in Fig. 3.
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Fig. 2: Distribution of 60 IoT computing boards with the total pin numbers.

Each board has a unique architecture for handling the
interfaces and, hence, to accommodate the application point
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of view, we list down the number of analog and digital format
pins available on the board in Fig. 3. The analog pins include
the ADC-enabled pins. The digital pins include every other
pin, including the power provision pins, GPIOs, and also
the protocol-specific pins for interaction in various interface
formats mentioned in Section III-B.

The analog-to-digital pins ratio on the boards shows us a
common trend of allocating a fixed number of analog pins (i.e.,
ADC). The trend has shown extensive use of digital interfaces
that indicate the digitization of the sensor nodes (modules used
are now read-out in digital) in IoT. Such digitization makes
them more reliable with in-house instrumentation and sensing
capabilities. A simple statistic is used to find the average
analog-to-digital pin ratio and can be represented as follows:

Analog to Digital Ratio =
Average Number of Analog Pins
Average Number of Digital Pins

, (1)

where

Average Number of Analog Pins =
ΣN

i=1Analog Pins on Boardi

Total Number of Boards (N)

and

Average Number of Digital Pins =
ΣN

i=1Digital Pins on Boardi

Total Number of Boards (N)
.

The rounded-off average number of analog and digital pins
are 8 and 30, respectively, as the computing boards are consid-
ered. The ratio of analog-to-digital is measured at 24.46%. The
numbers indicate a significant average of nearly 25% of the
pins being given for the analog sensing interface. The analog
sensing requirement can be an effective sensor selection and
rapid prototyping option.

B. Clock Cluster

The processor clock speed is directly related to the rate
at which instructions can be executed on the board. Here,
the clock speed determines computation performance and the
data transfer rate through an interface. Therefore, analyzing
the clock speed helps choose the board that satisfies the appli-
cation requirement. Our analysis on the chosen IoT computing
boards has shown that approximately 42% of the boards have
a clock speed less than 100 MHz, indicating that all of the
boards with a clock speed less than 100 MHz suffice the
requirements set by many IoT applications.

Fig. 4 shows that the clock cluster based on the clocking
speeds used by the boards, i.e., the number of boards that
have the same clock speed, is shown. In order to make a
clustered analysis, we have classified the boards into three
categories: (i) very high clock speed, (ii) high clock speed, and
(iii) lower clock speed in a relative sense. We use a clustering
method, with outliers set to 50%, to get the lower half of the
clock speeds corresponding to low clock speed boards and
less than 192 MHz clock speed. The other half is split into
very high and high, respectively. This classification is based
on 50% outliers, where the high clock speed corresponds to
the boards with clock speed beyond 800 MHz as shown in
Table I.
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Fig. 3: Number of analog/digital pins available in each IoT computing board.
Here, shading represents associations of the boards with their manufacturers.

The processing capability is also reflected by the specific
computing board’s number of cores. The multi-threading
capability and multiprocessing capability are essential for
industrial applications. An example is the Electronic Control
Units (ECUs) used in the automotive industry, where the tasks
of the vehicle are distributed between the cores to support the
functioning of the node based on the critical quality [85]. Our
analysis shows that 34 boards have a single-core processor, 20
boards are equipped with dual cores, another with three cores,
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five boards with quad-core, and another with six cores, as can
be seen from Fig. 5.

C. Memory Distribution

The memory distribution is analyzed based on the propor-
tion of each memory segment provided to the board. The
boards we have analyzed are associated with different memory
types, including EEPROM, SRAM, DRAM, Flash, DDR2,
and DDR3 based memory segments. In addition, there exist
boards associated with SD card slots that can support extended
memory interface provision.

The diversity of memory types is also associated with their
usage trend and similarly correlated with their application
domains. An example of such instance is Arduino adopting
EEPROM to store its bootup where IDE interface management
modules are hereditary and can be seen in many boards of Ar-
duino. Conversely, DDR2 and DDR3 storage have been widely
adopted by IoT boards as the computational requirement and
storage requirements are increasing.

Fig. 6 shows the year-wise provision of various types of
memory segments, summed up for all the chosen boards. We
notice some peculiar trends, such as increased SRAM and
Flash memory used in the devices (and replaced EEPROM)
as they progressed from 2008 to 2020. A Similar trend of the

TABLE I
Clustered Table of Computational Capability

Speed of Computation Name of the Boards

Very high clock-speed boards

RaspberryPi 4B [30]
BeagleBone AI [31]
RaspberryPi 3A+ [32]
RaspberryPi 3B+ [33]
BeagleBone Black [34]
BeagleBone Green [35]
BeagleBone Enhanced [36]
PocketBeagle [37]
Raspberry Pi Zero [38]
Raspberry Pi 2B [39]
UDOO Neo Series [40]
UDOO Dual and Quad Series [41]

High clock-speed boards

Raspberry Pi 1B+ [42]
Onion Omega 2 [43]
Linkit Smart 7688 [44]
Linkit Smart 7688 Duo [44]
Intel Edison [45], [46]
Arduino Industrial 101 [47]
Linkit ONE [48]
Pycom Fipy [49]
Pycom Wipy4.0 [50]
Pycom Lopy [51]
Pycom Gpy [52]
Pycom Sipy [53]
Linkit 7697 [54]
Icarus IoT Board - nRF9160 [55]
Spresense Main Board [56]
Raspberry Pi Pico [57]
Particle Photon [58]
Particle Electron [59]

Low clock-speed boards

Arduino Due [60]
Particle Boron [61]
Particle Argon [62]
Particle Tracker SoM [63]
ItsyBitsy nRF52840 Express [64]
Feather nRF52840 Sense [65]
Nano 33 BLE [66]
33 BLE Sense [67]
Nano 33 IoT [68]
Feather M0 Bluefruit LE [69]
Feather M0 Wi-Fi [70]
Tessel 2 [71]
Intel Galileo Gen 2 [72]
Micro [73]
Nano [74]
Mini [75]
Nano 33 IoT [68]
Uno Rev3 [76]
Uno Wi-Fi Rev2 [77]
Uno Ethernet [78]
Leonard [79]
Mega 2560 R3 [80]
Feather 32u4 Bluefruit LE [81]
Feather 32u4 FONA [82]
Bluefruit LE Micro [83]
The Air Board [84]

increased use of DDR2 and DDR3 memory segments can also
be seen.

D. IDE/Community Support

Each board is supplemented with a specific combination of
storage types and can be visualized with two different sets
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Fig. 6: Year-wise measure of various memory sizes allocated from each of
the chosen IoT computing boards.

of graphs. In particular, memory distribution using DRAM,
SRAM, and EEPROM is shown in Fig. 7, and memory
allocations with DDR2, DDR3, and Flash is depicted in Fig. 8.

It can also be noted that the most recent compact storage
versions of the SD cards are also available for a few IoT
boards. In addition, the SD cards have OS support for faster
prototyping along with memory extension capabilities. Out of
the considered 60 IoT boards in our survey, 21 IoT boards
comprise SD card support.

In the following, we provide information about the available
IDE packages and the qualitative expanse of the community of
users for a chosen board. We segmented the boards into mul-
tiple categories based on their vendors: Arduino, Raspberry
Pi, Adafruit Industries, MediaTek, Onion Company, Pycom,
BeagleBone, Particle, Linkit, and Other sets of boards. The
analysis done has all data acquired from the vendor-provided
datasheets.

1) Arduino: Arduino has been one of the major players
in the rapid prototyping and IoT domain. In particular, the
architecture and community support always give an edge. The
IDE also proves to be an essential aspect of these boards. It is
an open-source project that makes both the boards’ hardware
and software developed by the open research community. The
boards considered from the Arduino family are as follows:

(i) Uno, (ii) Micro, (iii) Nano, (iv) Mini, (v) Due,
(vi) Leonard, (vii) Mega, (viii) M0, (ix) Yun Mini, (x) Uno
Ethernet, (xi) Tian, and (xii) Mega ADK.

2) Raspberry Pi: Like the Arduino community, the Rasp-
berry Pi family dominates generic computing and higher-
capacity open-source boards. Besides the community support,
the software is extensive due to its generic compatibility. The
boards considered from the Raspberry Pi family are as follows:

(i) Raspberry Pi Nano, (ii) Raspberry Pi 4, (iii) Raspberry
Pi 3 B+, (iv) Raspberry Pi Zero, and (v) Raspberry Pi 2.

3) Adafruit Learning Systems: Like Arduino, Adafruit
Learning Systems is also a hardware and software opensource
project with a huge catalog of boards and their respective
shields. Also, providing learning tutorials and community
support is comparable to the Arduino community. The boards
considered from the Adafruit family are as follows:
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Fig. 7: Distribution of memory of each of the IoT computing boards for a
combination of DRAM, SRAM, and EEPROM memories.

(i) Feather 32u4 Bluefruit LE, (ii) ItsyBitsy nRF52840 Ex-
press, (iii) Feather nRF52840 Sense, (iv) Feather M0 Bluefruit
LE, (v) Feather 32u4 FONA, (vi) Feather M0 Wi-Fi, and
(vii) Bluefruit LE Micro.
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Fig. 8: Distribution of memory of each of the IoT computing boards for a
combination of DDR2, DDR3, and Flash memories.

4) UDOO: The UDOO board constitutes an open-source
manufacturer of mini PC compatible with Microsoft Windows,
Android, and Linux distributions. The ODOO boards come

under high computation power boards in the IoT domain. The
boards considered from the UDOO family are as follows:

(i) UDOO Neo Basic, (ii) UDOO Neo Extended,
(iii) UDOO Neo Full, (iv) UDOO Quad, (v) UDOO Dual,
and (vi) UDOO Dual Basic.

5) Pycom: Platform Pycom provides end-to-end support for
deploying IoT ideas. Pycom provides the hardware boards
necessary for fast prototyping, associated software packages
and imbibes various networking options starting from Wi-
Fi capable boards, Bluetooth, LoRa, SigFox, and cellular
support for specific regions of interest. Pycom has its hardware
proprietary and software open-sourced with micro-python as
its preferred language of development with GPL v3. Moreover,
it has different proprietary shields to perform various add-ons
for each networking board. The boards considered from the
Pycom family are as follows:

(i) Wipy3.0, (ii) Lopy, (iii) Gpy, (iv) Sipy, and (v) Fipy.
6) Particle: Particle is an entirely open-source hard-

ware/software platform enabled with a cloud platform for
implementing applications. The cloud platform provides a way
to deploy applications. The boards also contain connectivity
systems that support SIM cards and provide data plans. The
communication protocols are configurable. The Particleboards
have a specific OS that can be utilized for building suitable
applications. The boards considered from the Particle family
are as follows:

(i) Particle Electron, (ii) Particle Boron, (iii) Particle Photon,
and (iv) Particle Tracker SoM.

7) BeagleBoard.org along with SanCloud and SeeedStudio:
BeagleBone is an open-source project of both hardware and
software. The boards are capable of extensive computation.
Operating systems of Debian Linux and Android are sup-
ported. The following set of computing boards is of high clock
speed, reflecting the instruction execution speed at the IoT
node. The boards considered from the BeagleBone family are
as follows:

(i) BeagleBone Black, (ii) BeagleBone Green, (iii) Beagle-
Bone Enhanced, (iv) BeagleBone AI, and (v) PocketBeagle.

8) MediaTek: An IoT segment of MediaTek boards consists
of Linkit series of boards belonging to the high-speed clock,
replicating high computing speed capability. The MediaTek
Linkit Series provides compatibility with Arduino IDE and
Blockyduino IDE. Also, Linkit series boards are configurable
using LinkIt SDK. The MediaTek IoT segment also provides
a cloud-based platform to build and deploy IoT-oriented ap-
plications. The boards considered from the MediaTek family
are as follows:

(i) LinkIt 7697, (ii) LinkIt Smart 7688, (iii) LinkIt Smart
7688 Duo, and (iv) LinkIt ONE.

9) Other sets of boards: Besides the boards mentioned
above from different companies, several boards stand unique
in their specified production. In the following, vendors are
enlisted along with the respective boards and their support
community or vendor.

(i) Intel Edison: Intel company and Arduino, (ii) Intel
Galileo Gen 2: Intel company and Arduino, (iii) Spresense
main board: Sony company, (iv) Icarus IoT board: Actinius
company, (v) Onion Omega 2: Onion company, (vi) The Air
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board: The Air Things company, and (vii) Tessel 2: Tessel
company.

E. Network Interface

Internet interface relates to the method of networking
adopted, including Wi-Fi, Bluetooth, BLE, Ethernet, or in
certain specific boards, we can see cellular network being used
along with a SIM-card (eSIM, MicroSIM, and SIM card). Wi-
Fi provision is also demarcated into two levels (i) board with
access to Wi-Fi and (ii) board with Wi-Fi and SoftAP. SoftAP
configures the board to enable the functions of a Wi-Fi access
point.

The boards with cellular connectivity are listed without
mentioning their specificity in Table II. The inclusion of
cellular network interface into IoT boards makes them capable
of using a range of cellular network technologies including,
2G, 3G, 4G, and 5G, which can serve many applications that
from Short Messaging Service (SMS), Narrow Band IoT (NB-
IoT) communications, and even multi-media communications.

NB-IoT is a part of the Low Power Wide Area (LPWA)
technology that significantly decreases the power consumption
of user devices, enhances system capacity, and efficiently
utilizes the spectrum, especially useful in deep coverage
applications.

TABLE II
Cellular Technology-enabled Computing Boards

Name of the Boards Availability of Cellular Technology
Pycom Gpy [52] LTE CAT M1-NB
Pycom Fipy [49] LTE CAT M1-NB1
Adafruit Feather 32u4 FONA [82] GSM800 band Support
Icarious Board [55] LTE Support

The boards with SigFox connectivity are listed in Table III.
Low power protocols such as SigFox modules are the best
choice for IoT devices though they have a certain set of
challenges in their operational abilities. SigFox modules are
known for their low implementation costs and low power
consumption [86].

TABLE III
SigFox-enabled Computing Boards

Name of the Boards Availability of SigFox Technology
Pycom Fipy [49] Yes
Pycom Sipy [53] Yes
The Air Board [84] Yes

The boards with LoRa connectivity are listed in Table IV.
LoRa modules are also known for their wide-range and low-
power networking capabilities and are widely used in various
IoT applications [87]. The presence of such a facility is also
analyzed in the boards considered.

A separate table has been provided to understand the avail-
ability of Ethernet, Wi-Fi, SoftAP, and BLE for each board.
These technologies are most widely adopted due to easy access
to compatible hardware. Table V provides information on the
availability of the technologies mentioned above at each of
the boards. A developer can select suitable combinations of

TABLE IV
LoRa-enabled Computing Boards

Name of the Boards Availability of LoRa Technology
Pycom Fipy [49] Yes
Pycom Lopy [51] Yes
The Air Board [84] Yes

network interfaces required for a particular application using
this information.

V. OBSERVATIONS AND DISCUSSION

The paper compares 60 boards based on the parameters
listed in Section III. Most of the boards are grouped and
categorized based on their origin and a suitable diversity
in the analysis. Each of the parameters gives a numeric
understanding of the boards. The numerical insights study the
architectural construct of the considered IoT boards.

In this section, a recap analysis is done to understand the
outcomes of a comparative study done in Section IV. That will
be followed by some exceptional features of specific boards
that inspire future board manufacturers. Some generic quan-
titative results that are obtained from the above comparative
analysis are as follows:

• The range of pins on boards varies from 18 to 90, while
the number of analog pins (i.e., DAC) ranges from 0
to 18, the digital pins lie in the range of 10 to 78. The total
number of pins shows the range of devices attached to
an IoT board. The pertinent ratio of analog-to-digital pins
is 25%. This finding can be correlated to the requirement
of such a division. The analog requirement has been
minimal in many applications using digital processing
units.

• The mean of analog pins counts to 7.20, and that of
digital pins counts to 30.80, and the mean of a total
number of available pins is computed as 38. The number
of available pins in an average sense directs to the
application capability of the boards at hand that we have
used for comparison.

• The clock clusters include 12 very high-speed
clocks (>=800 MHz), 19 high-speed clock boards,
and 30 low-speed clocks (<192 MHz) for various
applications purposes.

• The distribution of memory is considered for all the 60
IoT boards, and the following points need to be noted:

1) The number of boards that include DRAM (inclusive
of other memory systems) counts to 6, and the mean
value of DRAM available at the compute board is
around 278 MB.

2) The number of boards that include SRAM (inclu-
sive of other memory systems) is 34, and the mean
value of SRAM available at the compute board is
around 211 KB.

3) The number of boards that include EEPROM (inclu-
sive of other memory systems) is 11, and the mean
value of EEPROM available at the compute board
is around 2 KB. The number of boards that include
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TABLE V
Availability of Network Interface

Name of the Boards Ethernet Wi-Fi SoftAP Bluetooth/BLE
Micro [73] No No No No
Nano [74] No No No No
Nano 33 BLE [66] No No Yes Yes
Nano 33 IoT [68] No Yes No No
Uno Rev3 [76] No No No No
Uno Wi-Fi Rev2 [77] No Yes No No
Uno Ethernet [78] Yes No No No
Leonard [79] No No No No
Mega 2560 R3 [80] No No No No
Due [60] No No No No
Industrial 101 [47] Yes Yes No No
Intel Edison [46] Yes Yes No No
Intel Galileo Gen 2 [72] Yes Yes No No
UDOO Neo Basic [40] Yes No Yes Yes
UDOO Neo Extended [40] No Yes Yes Yes
UDOO Neo Full [40] Yes Yes Yes Yes
UDOO Quad [41] Yes Yes Yes Yes
UDOO Dual [41] Yes Yes Yes Yes
UDOO Dual Basic [41] Yes Yes Yes Yes
Wipy3.0 [50] No Yes Yes Yes
Lopy [51] No Yes Yes Yes
Gpy [52] No Yes Yes Yes
Sipy [53] No Yes Yes Yes
Fipy [49] No Yes Yes Yes
Feather 32u4 Bluefruit LE [81] No No Yes Yes
ItsyBitsy nRF52840 Express [64] No No Yes Yes
Feather nRF52840 Sense [65] No No Yes Yes
Feather M0 Bluefruit LE [69] No No Yes Yes
Feather 32u4 FONA [82] No Yes Yes Yes
Bluefruit LE Micro [83] No No Yes Yes
Spresence Main Board [56] No No No No
Icarus IoT Board - nRF9160 [55] No No No No
BeagleBone Black [34] Yes No No No
BeagleBone Green [35] Yes No No No
BeagleBone Enhanced [36] Yes Yes Yes Yes
BeagleBone AI [31] Yes Yes Yes Yes
PocketBeagle [37] No No No No
Raspberry Pi Pico [57] No No No No
Raspberry Pi 4 B [30] Yes Yes Yes Yes
Raspberry Pi 3 A+ [32] Yes Yes Yes Yes
Raspberry Pi 3 B+ [33] Yes Yes Yes Yes
Raspberry Pi 2 B [39] Yes No No No
Raspberry Pi 1 B+ [42] Yes No No No
Raspberry Pi Zero [38] No Yes Yes Yes
Particle Electron [59] No No No No
Particle Boron [61] No No Yes Yes
Particle Argon [62] No No Yes Yes
Particle Photon [58] No Yes No No
Particle Tracker SoM [63] No Yes Yes Yes
Linkit 7697 [54] No Yes Yes Yes
Linkit Smart 7688 [44] Yes Yes No No
Linkit Smart 7866 Duo [44] Yes Yes No No
Linkit ONE [48] No No Yes Yes
Onion Omega 2 [43] Yes Yes No No
The Air Board [84] No Yes Yes Yes
Tessel 2 [71] Yes Yes No No

Flash (inclusive of other memory systems) is 39, and
the mean value of Flash memory available at the

compute board is around 107 MB.
4) The number of boards that include DDR2 (inclu-

sive of other memory systems) is 10, and the mean
value of DDR2 available at the compute board is
around 863 MB.

5) The number of boards that include DDR3 (inclu-
sive of other memory systems) is 12, and the mean
value of DDR3 available at the compute board is
around 736 MB.

The values mentioned earlier for pin allocations, memory
division, and clock speed availability of the selected IoT com-
puting boards launched during the years 2008-2021. However,
the analysis provides us with a numeric understanding of the
future requirements of the upcoming IoT boards. Conversely,
a qualitative understanding of a specific set of IoT boards
helps us understand the requirements of potential future IoT
computing boards. A few such vital insights are listed in the
following.

• Presence of SD Card slots (including other memory
systems) for the selected IoT boards depending on the
application scenarios.

• Availability of various levels of support for developing
the IoT products and fast prototyping. Examples of such
support levels are as follows:

1) Support from the software developer communities for
various library development is required to interface
various hardware modules. For example, IoT boards
need extensive hardware libraries. A software group
generally develops the required libraries in the aca-
demic communities or industries to support various
applications.

2) On the other hand, the hardware developer com-
munities develop different versions of similar IoT
boards (e.g., Arduino support and Adafruit developers).
Such developments are essential for target applications.

3) IDE platform is another support provided from the ven-
dors for testing and prototyping IoT boards faster (e.g.,
Arduino, Pycom, Particle, Tessel, and Onion are a few
to mention from the chosen boards). In particular, IDE
platforms help users rapidly execute, debug, and deploy
programming modules on such IoT boards and, thus,
enable them for faster prototyping.

4) Software/OS flexibility provision for usage in multiple
work environments (such as Raspberry Pi, Beagle
boards, and Intel boards) is also highly crucial.

5) Cloud provision for deployment and maintenance is
also one of the essential enablers for various applica-
tions (e.g., Particle and MediaTek companies provide
integrated Cloud IoT systems). In particular, IoT in-
tegrated cloud platforms are now available to enable
direct cloud access to the computing stations/nodes for
data processing and actuation.

6) GPS/GPRS/GNSS support for geo-locating capabilities
is very useful for automotive IoT applications. A
few boards are Adafruit Feather 32u4 FONA [82],
Spressence main baord [56], Icarus IoT board [55],
and the Air board extensions [84]).
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• Ease of accessing the existing and evolved connectivity
options for the future IoT boards. In particular, the
future IoT boards should perform under low power, low
data rate, and support long-ranged communications to
integrate with the existing and next-generation cellular
technologies. For example, the importance of NB-IoT,
SigFox, and LoRa lies in their ability to perform under
low power, low data rate, and support long-range commu-
nications. Moreover, some conditions apply to IoT sensor
boards deployed for monitoring systems.

• Compatibility with multiple access protocols to connect
to the other devices. In particular, from our selected 60
IoT computing boards 24 boards are provided with the
Ethernet interface, 34 boards with essential Wi-Fi access
provision, 5 boards are provided with Wi-Fi and Sof-
tAPs, and 32 boards are provided with Bluetooth/BLE
capability. In addition, the new forms of communication
protocols are to be included in the architectural design of
the future IoT boards to widen the application domain.

VI. CONCLUSION

This survey quantitatively studied selected 60 IoT com-
puting boards based on their different capabilities, such as
clock speed, memory, and network interfaces. In particular,
the processor used in each IoT board is identified to assess
the processing power available at the board. For example,
Raspberry Pi 4B and Beagle Bone AI were identified with
a tremendous clock-speed and capable of executing the AI-
based applications. We also noticed that the accelerated GPU
blocks for image processing and VR applications are essential.
Moreover, the availability of multiple channels to perform
the networking applications were studied. In addition, the
development of application-specific boards with multiple cores
and GPU-enabled acceleration, availability of wide networking
technology, and presence of small form-factor identified as
a set of niche technological advancements necessary for the
upcoming boards. Further, also discussed the value of a reach
community support for an end-to-end product development
and rapid prototyping when present and upcoming IoT boards
are considered. In particular, this comparative survey has
brought out the advancements in the growing IoT industries
and highlighted the possible direction of IoT board manufac-
turing based on the future application scenarios.
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