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ABSTRACT: To realize local production and consumption of Spatio-temporal data (STD), it is essential to address two
key challenges: (1) maintaining data locality by retaining and distributing STD close to their generation area, and (2)
enabling application execution on heterogeneous and resource-constrained devices through a lightweight and portable
execution platform. To address these challenges, we developed a Floating Cyber-Physical System (F-CPS) that retains
both STD and the functions required to process and use the STD within a specific area. In the F-CPS, the STD Retention
System directly distributes STD from the generation location and maintains the STD within the target area, thereby
ensuring data localization. Furthermore, to facilitate the execution of common applications across heterogeneous
devices, we designed a compact and portable application execution platform based on the WebAssembly (Wasm). In this
paper, we describe the validation of the feasibility of the F-CPS platform through an integrated experimental evaluation
using environmental information. The experiment demonstrated that the F-CPS enables (1) area-based retention of
STD and (2) execution of data-processing functions on Wasm containers. The experimental results confirmed that the
F-CPS can achieve local production and consumption of environmental data, thereby verifying the effectiveness of
this platform.

KEYWORDS: Cyber physical system platform; experiment; data retention system; WebAssembly; local data production
and consumption

1 Introduction
Cyber-physical systems (CPS) are evolving and becoming more widespread because they use Internet

of Things (IoT), cloud, and artificial intelligence technologies to connect the physical and cyber spaces. By
integrating these technologies, CPSs aim to solve various societal challenges and create innovative services
in fields such as transportation, environmental monitoring, and commerce [1,2]. In a CPS, the physical space
gathers information from IoT devices, while the cyber space analyzes the collected data. Based on the analysis
results, the system delivers services to the physical space. Efficient data collection, transmission, and use in
CPSs require the adoption of next-generation wireless communication technologies, such as Beyond 5G and
6G, along with the development of advanced network infrastructures.
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In response to these challenges, recent CPS research has increasingly shifted toward data-driven and
decentralized architectures, in which sensing data generated in the physical space are processed closer to
their sources rather than being centrally collected in the cloud. In particular, data-driven CPS approaches
have been investigated in domains such as smart grids and microgrids, where system behaviors are inferred
directly from observed data to support detection, diagnosis, and control without relying on explicit physical
models [3]. In parallel, edge- and fog-based CPS architectures have been studied to reduce latency and
communication overhead by distributing computation across edge nodes located near physical devices [4].
Furthermore, recent studies on CPS and IoT architectures that anticipate the 6G era emphasize the
importance of locality-aware and distributed data processing, while also identifying unresolved challenges in
managing, sharing, and using data generated within specific regions in a scalable manner [5]. These studies
indicate a clear trend toward decentralized and data-centric CPS designs, highlighting the need to reconsider
how locally generated data should be handled within CPS architectures.

Furthermore, among the data generated in the physical world that require locality-aware handling
in decentralized CPS architectures, there exist “spatio-temporal data (STD)” that depend on the location
and time of data generation, such as traffic, disaster, weather, and time-sensitive advertising information.
However, existing data-driven and decentralized CPS architectures do not explicitly address how such
region-specific data should be distributed and used within the area where they are generated. To address this
issue, our research group has been developing a “Floating cyber-physical system (F-CPS)” as a region-specific
CPS that retains STD and the functions (applications) to process and use STD within the local area [6]. We
aim to accelerate STD distribution and achieve effective STD use with an F-CPS.

Fig. 1 shows an overview of the F-CPS. In the F-CPS, as a method of STD distribution, we have developed
an “STD Retention System (STD-RS).” The STD-RS uses a device edge (DE), which is a mobile device
equipped with communication and computational capabilities, owned by users to disseminate and maintain
STDs [7]. In the STD-RS, DEs within the area periodically broadcast STD. This enables direct delivery of
STDs to users without the need for remote servers, such as cloud systems.

Figure 1: Overview of an F-CPS.

Additionally, we have developed a method for retaining application functions to process STD, allowing
users to use STD more flexibly. This function operates as a background application within a designated area
to provide various services. Because this function must run as a common application across diverse devices,
the F-CPS platform requires an application execution system that is independent of both hardware and the
operating system (OS). The most widely adopted approach involves container technology, a virtualization
technique that encapsulates applications, libraries, and OS components into a single package.
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However, in an F-CPS, executing functions within traditional containers results in a significantly large
container size, potentially creating a bottleneck in wireless data transmission. Furthermore, traditional
container technologies inherently depend on the environment in which they were created, such as the
OS and processor architecture. To address these challenges, we incorporated the WebAssembly (Wasm)
as a compact and portable application execution platform for the F-CPS. Wasm enables applications to
run on web platforms, which are widely available across various devices, thereby facilitating an execution
environment independent of system architecture and kernel configurations [8].

In this study, we conducted integrated experiments on the F-CPS platform, focusing on STD-RS and
the application execution platform using Wasm containers, to evaluate the feasibility of locally producing
and consuming STD. The experiment used various environmental data collected within a college facility
and validated the operational workflow, including (1) the retention of STD by the STD-RS and (2) the
retrieval and execution of functions via multi-access edge computing (MEC) servers. While our prior studies
independently developed and evaluated the STD-RS and the Wasm-based application execution platform,
this study addressed the practical challenges that arise when integrating these components into a unified
F-CPS platform. Through integrated experiments, we clarified the feasibility of end-to-end STD use, from
local data retention to immediate function execution on user devices.

The main contributions of this paper are as follows:

• End-to-end integration of STD retention, function provisioning, and execution in an F-CPS architec-
ture: We present a new and technically challenging integrated experiment that unifies STD retention
by an STD-RS, function provisioning via MEC, and Wasm-based function execution on user devices.
Unlike conceptual or simulation-based studies, our implementation validated the complete end-to-end
data and function flow, from sensor-generated STD to real-time analysis and visualization on user nodes
within a confined area.

• Prototype-based experimental validation in a realistic hybrid communication environment: We
designed and implemented an indoor F-CPS testbed that combines local Wi-Fi—based data distribution
for STD retention with Wi-Fi/B5G, connected with MEC for function delivery. Through experiments
using actual sensors, DEs, a MEC server, and mobile user devices, we demonstrated one of the few
practical evaluations of Wasm applications executed on mobile terminals over 5G/B5G networks in
conjunction with local data distribution.

• Experimental demonstration of real-time, location-specific data use through integrated mechanisms:
Through integrated experiments, we quantitatively confirmed that the F-CPS enables local produc-
tion and consumption of environmental STD, achieving end-to-end data delivery and low-overhead
function execution. The results highlight how the combination of STD-RS and lightweight Wasm
function execution enables practical, location-aware data use without reliance on centralized cloud
infrastructures.

The remainder of this paper is organized as follows. Section 2 introduces related research on information
sharing and the use of Wasm containers. Section 3 gives an overview of STD-RS and Section 4 explains its
function and execution in an F-CPS. Section 5 describes the experimental environment and the evaluation
metrics, and Section 6 provides experimental results. Finally, Section 7 presents a summary of our paper.

Abbreviations: The abbreviations that appear frequently throughout this paper are listed in Table 1.

Table 1: List of Abbreviations.

Abbreviation Full Term
CPS Cyber-Physical System

(Continued)
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Table 1 (continued)

Abbreviation Full Term
F-CPS Floating Cyber-Physical System
STD Spatio-Temporal Data

STD-RS Spatio-Temporal Data Retention System
MEC Multi-access Edge Computing
Wasm WebAssembly

UE User Equipment
DE Device Edge

2 Related Work
In this section, we describe related works on communication control methods for mobile nodes and

related studies on the applicability of Wasm as a container for IoT devices with hardware constraints.

2.1 Information Transfer Control in Mobile Nodes
With a focus on the communication for STD in a specific area, delay tolerant networking (DTN)

technologies have been researched as a relay-forwarding technique in various networks [9,10]. DTN involves
coordinated control over the transmission, relay, and reception of information among communication
nodes to optimize network resource sharing and communication performance. One of the communication
methods in DTN is epidemic broadcasting, where messages are repeatedly forwarded from a moving node to
nearby moving node via short-range wireless communication, thereby disseminating messages throughout
the network without dedicated infrastructure. In [11–13], floating content sharing is described as a method
for delivering information by intentionally limiting the coverage and lifetime of epidemic broadcasting.
In information sharing with floating contents, messages are embedded within the available area (anchor
zone) and are given a time to live (TTL). Messages are only forwarded to mobile nodes within the zone.
Subsequently, messages are deleted when the TTL expires or when the mobile node that transmitted the
information leaves the zone. In [11], it is mentioned that in this control method, there is a risk of messages
disappearing due to buffer overflow on mobile nodes, leading to unfair propagation among messages.
Therefore, the authors proposed “proportional control for floating content sharing (PFCS)” to control the
message possession ratio (the fraction of mobile nodes carrying a message in the anchor zone).

In an F-CPS, adaptive transmission rate control is also implemented. However, while PFCS controls
transmission to achieve the target message possession ratio, the STD-RS aims to periodically deliver STD
to the entire area. Furthermore, the STD-RS introduces a mechanism that promotes data use by eliminating
the need for query-response information distribution between adjacent nodes in floating contents.

2.2 WebAssembly as a Container for IoT Devices
Currently, container execution and management using Docker are widespread. However, Docker

containers can hold a large amount of data and have complex structures. When running a Docker container
on hardware-constrained IoT devices, challenges arise in terms of system memory consumption, startup
time, and transfer time. Therefore, Napieralla [14] introduced the use of Wasm as a compact and lightweight
container execution platform for IoT devices. Wasm refers to a binary code and its corresponding runtime
environment, which are designed for execution on a virtual machine, thereby achieving independence of the
actual hardware and OS. In [14], the author analyzed the performance of Wasm and Docker containers from
the viewpoint of various metrics. Wasm outperformed a Docker container in terms of having lower system
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memory consumption and reduced startup time. This study concluded that Wasm is suitable for the sporadic
execution of simple programs and for serverless computing.

The development of the WebAssembly system interface, which enables input/output operations to the
host system’s file system, network, and other resources, has made Wasm an attractive option for application
in serverless environments [15]. In [16], the authors described the design of a hybrid serverless platform for
Wasm by extending Kubernetes, which is a container orchestrator. The application of Wasm could provide a
new approach to reduce cold start delays in serverless scenarios, which require short execution times.

Therefore, the use of Wasm containers can be considered to be an effective approach for executing
region-specific functions on various and diverse device edges (DEs) in an F-CPS.

3 Floating Cyber-Physical System
In this section, we provide an overview of the STD-RS, which serves as the STD distribution

infrastructure and executes functions for effectively using STD in the F-CPS.

3.1 Overview of the Retention System
The purpose of the STD-RS is to effectively provide STD directly from its source to users. We define

the region for delivering STD as the retention area. Within this area, DEs autonomously perform distributed
management of STD for a certain period. Each DE within this area broadcasts STD at appropriate timings
based on the control of the STD-RS, to facilitate its dissemination and maintenance throughout the entire
area. This system also enables the delivery of STD in a passive manner, thereby reducing the burden on the
existing network infrastructures such as the Internet.

Fig. 2 shows an overview of the STD-RS. The STD-RS consists of the source point (data origin),
DEs responsible for retention function including data dissemination and maintenance of STD within the
retention area, and user equipment (UE) that receives and uses the STD. The source point attaches control
information such as the TTL to the STD and broadcasts it to the surrounding DEs. The DEs receiving the STD
individually control STD transmission based on the control information included in the received STD and
surrounding DE density, and broadcast STD if necessary for distribution. This relay operation is propagated
between the DEs within the area. As a result, all UE staying in the area can passively receive STD without the
need for network infrastructure. So far, we have developed various transmission control methods, some of
which control the transmission probability based on the radio-wave propagation environment or retention
of a large amount of STD [7]. In the F-CPS, the STD-RS enables the realization of STD circulation within a
specific area.

Figure 2: Overview of the STD retention system.
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3.2 Overview of the Function Platform in F-CPS
The F-CPS enables local production and consumption of data by retaining STD and functions within

the retention area. This function of the F-CPS is provided as a means for UE to analyze and process
STD according to user needs, thereby accelerating flexible data use based on specific locations and times.
Therefore, the F-CPS platform needs to consider how to generate functions based on user requests and how
to distribute those functions within a specific area. We focused on MEC as an architecture for decentralized
management of local STD and user requests.

Here, MEC is particularly suitable for function generation in the F-CPS for several reasons. First, in
future B5G and 6G networks, MEC is expected to be deployed close to end users to support distributed
processing and reduce latency. Second, because MEC operates within the local network domain, it can
observe and manage the flow of data, such as locally generated STD, within its coverage area. This capability
allows the MEC to generate applications that match the characteristics and needs of users in the local area.
Furthermore, with the advancement of generative AI technologies, MEC is expected to support on-demand
creation of local-oriented functions (applications) by analyzing regional data trends and user behaviors
within the network. These characteristics make MEC an appropriate and promising platform for generating
and distributing localized functions in the F-CPS.

Fig. 3 shows an overview of function generation and distribution in the F-CPS. In the envisioned
network architecture of the B5G and 6G era, MEC is connected to base stations located close to users and
has the role of data management and distribution within specific areas. In the F-CPS, MEC generates and
delivers various applications as functions, based on the result of an analysis of STD and user requests. The
generated functions are delivered within the local area via a base station. However, because not all DEs may
be able to connect to the base station, functions are also distributed throughout the region using the STD-RS,
similar to STD.

Figure 3: Overview of function retention within the F-CPS.

Furthermore, the F-CPS includes the common application execution platform using Wasm for various
types of DEs [8]. The execution platform using Wasm can be run on web platforms regardless of hardware
and OS. Moreover, Wasm applications generated in binary code are extremely lightweight compared to those
of traditional containers, and thus fast and stable data distribution can be achieved. Using Wasm for the
functions managed by the MEC server and retaining them in suitable locations and times by STD-RS allow
the F-CPS to use the STD flexibly, which results in local production and consumption of data in the F-CPS.
Moreover, functions and applications for the F-CPS implemented using Wasm can be executed on various
types of devices regardless of their hardware or OS. This makes it possible for these functions to be used
across different device roles, such as DEs and UEs, within the STD-RS. As a result, the F-CPS is expected to
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leverage all devices in the region as computational resources, thereby enhancing the overall flexibility and
capability of the system.

4 Proposed Method
In this study, to realize the F-CPS concept described in the previous section, we constructed an

architecture that integrates the STD-RS with a function platform based on Wasm. In this architecture,
we implemented the functionalities of the source point, DE, and UE to demonstrate the feasibility of the
F-CPS in indoor environments. This section first describes how the STD-RS controls transmission in a way
tailored for realizing the F-CPS, and then explains the execution platform for integrating the STD-RS with
Wasm applications.

4.1 Transmission Control Method of the STD-RS
In this study, we aimed to build an indoor F-CPS and distribute its environmental information using

the STD-RS. Two types of sensors as data source points periodically collected environmental information.
The environmental sensor collected temperature, humidity, discomfort index, illuminance, atmospheric
pressure, and noise level. The Wi-Fi sensor counted the number of devices within approximately 10 m
using a threshold of −71 dBm for the received signal strength indicator, as derived from preliminary
experiments. By distributing this information through the STD-RS, we aimed to enable real-time acquisition
of environmental information within the indoor space.

This information was transmitted from the sensors serving as the source point, disseminated and
maintained by the DEs functioning as retention nodes, and passively received by UE. Sensors generated STD
based on the measured values, and then periodically broadcast the STD. DEs as retention nodes relayed the
STD received from the sensors. The DEs operated based on the previously described transmission control by
the STD-RS [7], and probabilistically broadcast data according to the number of surrounding devices and the
number of transmissions. In addition, to suppress excessive data transfers in indoor F-CPS environments, a
TTL was assigned to each data packet so that data exceeding the specified lifetime were no longer forwarded,
allowing the data to naturally disappear from the area. Finally, the UE passively received the STD retained
by the DEs. A UE receiving data whose TTL had already expired discarded the data to prevent the use of
outdated information.

4.2 Function Execution Platform for Integrating the STD-RS and Wasm Application
Our F-CPS system creates and provides a Wasm application that analyzes the received STD (indoor

environmental information), displays the analyzed results, and notifies the user (UE) whenever newly
retained STD are received. The Wasm application on the UE needs to access the received STD. However,
Wasm applications typically do not allow direct access to network resources or storage on the same
device for security reasons. Therefore, we used a data access method that enables a Wasm application
to access data on the terminal using HyperText Transfer Protocol Secure (HTTPS) by modifying the
Wasm execution platform. Furthermore, we packaged the Wasm application as a Wasm container to enable
HTTPS communication.

Fig. 4 shows the operational flow of the function execution platform. First, we configured the system
such that the data received by the STD-RS can be accessed only from the local environment via a web server
built into UE, due to the limitations of Wasm applications. We directly delivered the Wasm application to
UE from the MEC server connected to the 5G/6G network. As an F-CPS concept, applications implemented
as Wasm containers should ideally be provided in a push-based manner from the MEC server whenever a
device connects to an underlying network such as 5G/6G, delivering applications specialized for that specific
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area. However, because such a mechanism would require integration with association and authentication
procedures in 5G/6G networks, this study adopted a simplified approach: when joining the 5G/6G network,
users explicitly download the application through a web browser, enabling easy deployment.

Figure 4: Operational flow of the proposed function execution platform.

The MEC server prepared a Wasm container image created from the Wasm container in advance.
After that, UE accessed the MEC server to download the Wasm container image and its execution platform
(Fig. 4-1). In other words, in the F-CPS, the deployment of Wasm applications from the MEC to UE follows a
pull-based system. In this system, the Wasm container was automatically built after the download, and then
the Wasm application was executed using a web browser on UE (Fig. 4-2). The Wasm application periodically
checked the STD received from the local web server using HTTPS (Fig. 4-3). When the Wasm application
detected new STD, it analyzed environmental information such as the discomfort index, noise level, and
number of devices. Based on these analyses, the UE displayed information about the comfort level at each
location (Fig. 4-4). In addition, the Wasm application notified the user of updated information through the
web browser whenever new STD were detected.

5 Experimental Validation of End-to-End Data Flow and Function Execution
The integrated experiments performed in this study were designed to validate the feasibility of the

F-CPS platform through an integrated implementation of the STD-RS and the Wasm-based execution
platform using actual equipment. The purpose of the integrated experiments presented in this section was
not to evaluate the communication or propagation performance of the STD-RS itself, such as dissemination
confinement or redundancy behavior. Instead, the experiments aimed to validate the feasibility of the
proposed F-CPS platform by confirming end-to-end data flow from sensors to UE and the real-time use of
retained STD through Wasm-based applications.

In this experiment, we assumed an indoor mobile environment in which UE simultaneously maintained
a wide-area cellular connection and a local short-range communication link. Such hybrid connectivity
is commonly observed in practical mobile scenarios, where smartphones access cloud or edge services
via cellular networks (e.g., 4G/5G) while participating in local Wi-Fi-based communication for proximity
data exchange.



Comput Mater Contin. 2026;87(3):73 9

5.1 Experimental Environment and Equipment
In this study, as an application for the integrated experiments of the F-CPS platform, we envisioned

the use of environmental information in indoor facilities for the purpose of crowd guidance and behavior
modification. Therefore, we attempted to provide an F-CPS for collecting, analyzing, and using environ-
mental information within a college facility. The experimental environment and system configuration are
described below.

The integrated experiments were conducted at GYMLABO, a co-working space located on the Tobata
campus of the Kyushu Institute of Technology. This facility is equipped with the mobile application execution
environment of the National Institute of Information and Communications Technology (NICT), namely the
highly reliable and flexible B5G/IoT testbed. Through licensed devices, users can access the B5G testbed
network. Additionally, on the NICT B5G testbed, we connected the MEC server that we prepared to the
backhaul network to which the radio unit was connected. MEC server was implemented on an HP ProLiant
DL160 Gen10 server, configured with Ubuntu 22.04 as the OS. With MEC server, we deployed the Wasm
container management framework (F-CPS orchestrator) developed in our previous work [8], enabling the
management of Wasm containers running on the UE. This enabled the provision of Wasm container images
and their execution platform for areas accessible to the B5G testbed.

Fig. 5 shows the experimental environment, and Fig. 6 shows an image of GYMLABO. In the integrated
experiments, we set two sensors and one DE using Raspberry Pi 3 Model B+ with the Raspberry Pi OS. We
used the Omron 2JCIE-BU01 sensor for environmental sensing and the Buffalo WI-U3-866DS for Wi-Fi
sensing. As UE, we employed a smartphone with Android OS 12 (FCNT SD01) compatible with the NICT
B5G testbed and a laptop (Dell Latitude E5440) with Ubuntu 22.04. Google Chrome was used as the web
browser for executing the application on UE.

Figure 5: Experimental environment.

Fig. 7 shows the network environment in GYMLABO. In this integrated experiment, the sensors, a DE,
and UE must be present on the same network to enable the UE to receive the STD delivered by the STD-
RS. Based on the assumed hybrid connectivity, we constructed a hybrid communication environment in
which locally generated STD were disseminated through a Wi-Fi Direct peer-to-peer (P2P) communication
network using Wi-Fi 5, while Wasm-based applications were delivered to UE via the NICT B5G testbed.
Each network was assigned an IPv4 address with a subnet mask length of 24, and UE could participate in both
networks. This configuration enabled user devices to simultaneously participate in local STD sharing through
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short-range P2P communication and access wide-area computing and application provisioning resources
provided by the MEC server.

Figure 6: Image of GYMLABO.

Figure 7: Network environment.

It is important to note that the goal of this integrated experiment was not to evaluate retention
performance in the STD-RS, such as the confinement of STD dissemination within a specified area or the
behavior of duplicate STD generation. Rather, the purpose was to verify that, once devices join the Wi-Fi
Direct P2P network, STD can be successfully delivered from the STD-RS to UE and immediately used by
applications in the environment. For this reason, we intentionally configured only a single DE, which enabled
us to focus on demonstrating real-time use of STD by applications while keeping the data delivery process
simple and aligned with the intended use case. Comprehensive evaluations involving multiple DEs, including
node mobility, multi-hop environments, the impact of interference, analysis of multiple STD handling, and
region-constrained dissemination have already been presented in our prior work [6,7], and these aspects
were outside the scope of the present experiment.

This hybrid configuration does not represent an unconventional experimental setup but rather reflects a
feasible and commonly observed operational model in real-world mobile environments, where cloud–edge
computing resources and local data ecosystems coexist. Accordingly, the experimental design is appropriate
for validating the feasibility of real-time, location-specific use of STD and the concept of “local production
and consumption” of environmental information within a practical communication environment.
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In addition, it should be emphasized that the use of Wi-Fi Direct P2P for STD dissemination and the
use of the B5G network for Wasm application distribution is consistent with practical operational scenarios.
In real-world mobile environments, it is common for smartphones to maintain a cellular (e.g., 5G) con-
nection while simultaneously participating in a local Wi-Fi network for device-to-device communication.
Our experimental configuration reflects such commonly observed hybrid connectivity, where computing
resources and applications are provisioned via the B5G infrastructure, while locally generated STD are shared
and consumed within the environment through a short-range P2P network.

This design choice aligns with the aim of the present experiment: to demonstrate that real-time,
location-specific use of STD can be achieved in a merged communication environment combining wide-
area 5G/B5G infrastructure and local networking. Rather than simulating an abstract architecture, our setup
reflects a feasible operational model in which cloud–edge resources and local data ecosystems coexist. Thus,
the configuration used in this study is appropriate for validating the feasibility of local production and
consumption of environmental data within a practical communication environment.

5.2 Evaluation Metrics
In this study, we evaluated various aspects of the constructed F-CPS platform as part of its verification,

including a series of operational tests, STD retention by STD-RS, and Wasm application execution.
For evaluating the STD-RS, we verified the coverage area of STD retention and the time taken to retrieve

STD. As a metric to evaluate the coverage area, we defined the STD delivery rate as the ratio of the number
of STD receptions by UE to the number of STD transmissions by the sensors and DE. UE with the Android
OS was placed at each measurement point shown in Fig. 5. We evaluated the delivery rate at each point when
the environmental data of approximately 160 bytes was transmitted 100 times from each sensor using the
STD-RS. Additionally, for the STD retrieval time, we measured the time from the start of STD transmission
by each sensor and DE until UE received the STD.

For the evaluation of Wasm application execution, we verified the startup time of the Wasm application
and the percentage of battery usage during execution. Regarding the startup time, we conducted the
assessment on Google Chrome on the UE with Android OS. We measured the time from initiating access
to the MEC server until the complete display of the STD on the screen. We also measured the impact of a
cache function of the web browser on startup time. In this evaluation, cache refers to browsing site history,
site data, and cached images/files in Google Chrome. Furthermore, to assess the load imposed by the F-CPS
system on UE, we measured the battery usage percentage. This battery usage was measured by referencing the
logs collected by the Android OS in the background. Note that the CPU, RAM, and input/output overhead
introduced by Wasm itself depends on the scale of the Wasm application. However, the overhead of the
Wasm container platform has already been evaluated in prior work [8], and therefore is not discussed in this
paper. Furthermore, this study evaluated the feasibility of end-to-end operations in the F-CPS. Comparisons
between the Wasm container management platform for the F-CPS and conventional Docker containers
have already been conducted in prior work [8], which demonstrated that our Wasm container management
platform imposes sufficiently low overhead.

6 Experimental Results
In this section, we describe the verification results and evaluations of the integrated experiments.
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6.1 Verification with a Series of Operations on the F-CPS Platform
For the operational verification of the F-CPS platform, we conducted experiments using UE in the

environment shown in Fig. 5. The results of the integrated experiments confirmed successful operation from
the collection of STD at sensors to the retention of STD by the STD-RS and to the execution of functions
by the Wasm application. Fig. 8 shows a screen of the Wasm application running on Google Chrome on UE
with an Android device. The Wasm application allows the display of the comfort level at each location to the
user by receiving and analyzing STD based on parameters such as discomfort index, the number of devices,
and noise level. Additionally, this Wasm application was confirmed to operate on a laptop with Ubuntu OS.
Therefore, we successfully used Wasm to realize the provision of functions that promote data use on UE with
a web platform, using the same application.

Figure 8: Function execution screen on UE with android OS.

6.2 Evaluation of the STD-RS
We evaluated the coverage rate of the retention area by the STD-RS. Fig. 9 shows the delivery rates of

STD directly transmitted from each sensor to the UE with Android OS and those relayed through the DE.
At measurement points A, B, and C, both the delivery rates from sensors α and β and those from the DE
exceeded 99.0%, because at these points, there is a direct line of sight between the sensors and DE. However,
at measurement point D, the delivery rate from sensor α was 96.6%, and at measurement point E, the delivery
rate from sensor β was 96.0%, which were lower compared to other points because walls and other obstacles
were present between these points and the sensors, resulting in degraded communications. Nevertheless,
through relay via the DE, the delivery rates improved to 99.0% and 98.6%, respectively, because the DE
transmitted the data from a location closer to measurement points D and E. These results show that the
STD-RS can distribute STD within GYMLABO and improve the delivery rate by relaying them via the DE.
In this experiment, although the experimental environment was limited and had few devices, the delivery
rates were already high. However, in the case of a wider retention area, we anticipate even higher delivery
rates through data relay by the STD-RS.

Next, we discuss the STD retrieval time. Table 2 shows the STD retrieval time at each measurement
point. Table 2 shows that UE can receive one STD packet within 10 ms, and two packets within 300 ms.
Additionally, it is apparent that at measurement points D and E, where the STD delivery rate from the sensor
is low, it takes 290.24 and 232.60 ms, respectively, to receive both packets, which is longer compared to
reception at other points.
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Figure 9: STD delivery rate at each measurement point.

Table 2: STD retrieval time at each measurement point.

Measurement Point Time to Retrieve One STD [ms] Time to Retrieve Both STD [ms]
A 8.920 182.103
B 9.052 172.283
C 8.033 221.017
D 9.052 290.244
E 7.990 232.599

6.3 Evaluation of Function Execution Using the Wasm Application
We evaluated the Wasm application created as a function in the F-CPS. The Wasm container image size

created in this integrated experiment was 2.42 MB. If a similar application were created using traditional
containers, the amount of data could be increased by approximately 30 times [8]. This is because the Wasm
application is a program written in binary code, eliminating the need for the configuration files and libraries
required by traditional containers. Therefore, we achieved a lightweight function.

Next, we evaluated the startup time of the Wasm application. Table 3 shows the startup time on Android
devices. Table 3 shows that startup without caching took approximately 20.7 s. In contrast, with caching,
startup took at approximately 5.3 s, resulting in a reduction of approximately 15.4 s. When UE connect to
the MEC server, an authentication key is sent to fetch Wasm container information, and the authentication
process is executed. In this experiment, we implemented the authentication process to ensure reliable
operation verification. However, the startup time can be reduced by parameter changes and optimizations
such as processing frequency and waiting time.

Table 3: Startup time of the wasm application.

Startup Time without Cache [s] Startup Time with Cache [s]
20.678 5.274

Finally, we evaluated the battery usage percentage of the Wasm application. Fig. 10 shows the battery
usage percentages measured on UE running the Android OS during the execution of the STD-RS operations
and Wasm application. The battery usage percentage for Termux, a tool used to boot Linux on Android for
running the STD-RS operations, and the domain name system, used to connect to the retention network, was
2.2% of the total. Additionally, the battery usage percentage for Google Chrome and Google Service, which
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were used for executing the Wasm application, was 27.2% of the total. During this validation, Google Chrome
was running for approximately 682.8 s, consuming 1.58% of the battery. The remaining power consumption
is attributed to Google Service processes running in the background to effectively support the Android OS,
indicating that the impact of Chrome, where Wasm is executed, on overall power consumption is small. Thus,
the consumption per second is approximately 0.002314%, indicating minimal load on UE and suggesting it
is a practical application.

Figure 10: Battery usage percentage during function execution.

Based on the results of this integrated experiment, we successfully retained the STD obtained from
sensors in the college building and executed functions on UE. By analyzing and displaying the received STD
using the Wasm application, we achieved local production and consumption of data in the F-CPS platform.

7 Conclusion
In this study, we demonstrated the feasibility of local production and consumption of STD through the

our F-CPS platform. Through integrated experiments conducted in a college facility, we validated three key
functions of the system: (1) the retention and distribution of STD within a specific area using the STD-RS,
(2) the retrieval and execution of a lightweight Wasm-based application on UE, and (3) the collaboration
of heterogeneous networks, where STD dissemination was achieved via local Wi-Fi communication while
application delivery was supported by Wi-Fi/B5G networks and a MEC server. The experimental results
confirmed that STD could be delivered from sensors to UE within approximately 300 ms at all measurement
points, and that the Wasm application could be executed efficiently with a small memory footprint and
minimal battery consumption, independent of hardware and OS. Based on these results, we confirmed the
practical potential of the F-CPS platform for enabling location-specific data use through local production
and consumption of STD. However, several limitations should be noted. First, the integrated experiments
were conducted in a relatively small environment compared to the potential wireless communication range.
Therefore, further performance evaluation, including the behavior of the STD-RS in larger and more diverse
environments, is required to assess scalability and robustness. Second, due to the security restrictions
inherent in current Wasm execution environments, data access from the Wasm application was realized
via an HTTPS server on the user device. While this approach ensures safe operation, more direct data
exchange mechanisms, such as WebSocket-based communication, should be investigated in future work
to improve efficiency and reduce overhead. Furthermore, as future work, we should investigate dynamic
and adaptive function distribution mechanisms, including optimized transmission control and on-demand
function placement, to support more complex and practical applications in real-world environments.
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