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Abstract

The new technology to integrate Edge Computing and Cloud Computing is called
Internet of Things (IoT). Current research on loT mainly focuses on how to connect Edge
Computing to Cloud Computing. However, Oihui Wu, et al. argued that simply connecting
them is not enough; beyond that, objects should have the capability to learn, think, and
understand both physical and social worlds by themselves. An architecture of loT
applications is being developed to connect Agent Spaces, including Personal Assistant
Agents and Service Agents in order to support user activity at the office, to both the Edge
and the Cloud. In this paper, an architecture of 10T applications is proposed connecting
Edge Resources and Cloud Resources. According to the proposed architecture, an Agent
Space is designed in which agents can control the resources via programs named Resource
Connectors. Finally, an 10T application was prototyped to support users working at the
office with a Personal Assistant Agent in an Agent Space that has a vocal interface with
users and a web interface.
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1. Introduction

Using the Information and Communication Technology (ICT), people are able to easily
send (store) and receive (access) information in the Cloud. Furthermore, the rapid
development of the ubiquitous technology also enables information systems to access Real
Space (RS) by mobile communication devices such as smart phones. Various kinds of
sensor devices are set to be deployed in any place with RS and copious amounts of
multimodal information of users, and their surroundings can be acquired and saved in the
Cloud. Using this information, very convenient services called “Anytime,” “Anywhere,”
and so on have been widely provided for users on a daily basis [1].

However, users feel a heavy burden when trying to quickly find information or needed
assistance because the important information may be hidden in enormous amounts of
useless information in the Cloud [2]. When a user has to watch over some event or find

somebody through information that the Cloud provides, the user may have to keep
watching some information devices. Unskilled users may be prevented from opportunities
they could take if they had the skill of utilizing information systems.
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The agent-based technology is one of the solutions to realizing a function to distribute
information from the Cloud to an unskilled user in RS [3]. An Agent Space (AS), that is a
well-designed collection of agents, can be a platform to meet users’ requests in the RS with
proper social information in the Cloud [4]. The users’ requests change from moment to
moment according to the users’ activities in their society. On the other hand, contents and
organization of the social information in the Cloud also change according to the change of
the society in the RS. Then, a problem to meet users’ requests with social information must
be very difficult for conventional static algorithms to solve autonomously [5]. This is a
reason why users require skills to handle the computer and network conveniently. This is
also another reason why even skilled users should spend their time to keep watch at web
sites and data in the Cloud.

Recently, computational resources, including ubiquitous devices and networks working
near users, become more reliant on the development of advanced ICT applications.
Information processing using resources and networks is called Edge Computing. The new
technology to integrate Edge Computing and Cloud Computing is called Internet of Things
(1oT). The 10T is expected to have significant home and business applications to contribute
to the quality of life and to grow the world’s economy [6]. Current research on the loT
mainly focuses on how to connect Edge Computing to Cloud Computing. However, Qihui
Wu, et al. argued that simply connecting them is not enough; beyond that, objects should
have the capability to learn, think, and understand both physical and social worlds by
themselves [7]. An architecture of loT applications is being developed to connect AS,
including Personal Assistant Agents (PAs) and Service Agents (SAs) in order to support
user activity at the office [8], to both the Edge and the Cloud.

In this paper, the sensors—the devices as well as data captured by them—are called
Edge Resources. In addition, programs to control sensors and to analyze them in local
computers are also called Edge Resources. The raw data captured by the Edge Resources
and analyzed data transformed from the raw data can be saved in Cloud databases. Web
data and programs, including the data described previously, are called Cloud Resources.
The 10T Applications are expected to support users’ activities in life using the Edge
Resources and the Cloud Resources.

In Section 2, an architecture of 10T applications connecting Edge Resources and Cloud
Resources is proposed. In Section 3, according to the proposed architecture, an AS is
designed in which agents can control the resources via programs named Resource
Connectors (RCs). In Section 4, an loT application was prototyped to support users
working at the office with a PA in an AS with a vocal interface between users and a web
interface.

2. An Agent Space Connecting Edge Resource and Cloud Resource

An AS is designed to help users access useful services suggested by the Edge Resources
and the Cloud Resources as shown in Figure 1. A program that connects an agent to an
Edge Resource or a Cloud Resource is called an RC in this paper. An RC sends agent
messages to agents and receives them from agents in the AS. A collection consisting of
agents and RCs to connect the Edge Resources and the Cloud Resources in order to realize
an application for supporting a user is called a coterie as shown in Figure 1.

Each agent in an AS makes a decision to act based on several kinds of knowledge based
frameworks to realize users’ requirements cooperatively with other agents in an AS using
social knowledge and according to user’s preference and activity. A set of agent runtime
systems working in computers connected via LANs and the internet is called an AS
platform. Normally, an AS platform is realized by an Agent Platform. An AS platform
provides a set of basic cooperation protocol and a basic ontology set in order for agents
and RCs to communicate with each other. A group of agents and RCs realizes an
application logic using its application oriented cooperation protocol and an ontology
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designed using the basic protocol and a basic ontology. This ontology is designed to link
resources and agents using common symbols defined in an AS, and consists of resource
details described according to specifications of the devices or the programs and agent
details described according to usage of the resources by the agent.

In this paper, some PAs are presented that were designed to watch users’ activity and
objects surrounding them and some SAs that read and write data in the Cloud. A PA works
for a particular user to process his/her requests that are acquired through a keyboard
interface, vocal interface, gesture interface and so on. An SA reads and writes particular
documents, web pages, or databases according to tasks given by a developer, and provides
information about them for other agents.
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Figure 1. Architecture of 10T Applications Connecting Edge Resources and
Cloud Resources

An RC is designed to transform signals from a particular device deployed in a room or
data from a particular program in the web (Cloud Resource) into symbols that compose a
message sent to agents. The message is composed based on a protocol and an ontology set
defined by application logic that the agent realizes as a component. For example, an RC
named Speech-To-Text Agent includes a plug-in program that recognize voice signal from
a microphone and transforms it into a sentence. Then the RC sends a message that includes
the sentence as content to a PA that watches a particular user who is talking to it.

3. A Design of a Coterie Consisting of an Agent Space and Resource
Connectors

3.1. Agent Platform for Agent Space

An agent platform is a collection of runtime systems and development support systems
of agents that are connected via LANs and the Internet. OMAS agent platform (OMAS-P)
was used as a platform of agents that is developed using Allegro Common Lisp and has
been used to develop various kinds of agent-based systems [8]. The OMAS-P is better
suited for developing knowledge-driven multi-agent systems that realize intelligent
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application logic. A runtime environment of the OMAS-P running on a PC is called a
coterie, and it can be connected to other OMAS-Ps via the Internet using some
communication agents deployed in each OMAS-P. Therefore, several OMAS-Ps can be
unified in an AS where agents can send and receive agent messages by indexing agent
names with each other. A developer using the agent platform can add agents to the
platform dynamically according to their needs. Therefore, the concept of the coterie is
suited for developing larger AS.

In this paper, Resource Connector Platform (RC-P) was developed as a platform of RCs
because the proposed plan was to use plug-in modules that are installed in Windows OS in
order to control devices and software as shown in Figure 2. Accordingly, the RC-P is
developed by the C# (.NET framework).

Agent Space (PAs, SAs) Kinect(Edge Resource)
polv

COTERIE

RC-Web Web(Cloud Resource) RC-Kinect

Figure 2. Experimental System of a Coterie that connects a Web resource
and an Edge resource

The RC-P in Figure 2 is connected by the same communication protocol as the OMAS-
P and is able to wrap plug-in modules in the .NET framework. An RC running on the RC-P
can join to a coterie of agents running on the OMAS-P easily and dynamically. Although
the RCs do not have functions to realize intelligent logic, they can transform signals from a
device or data from a program into an agent-based message for the agents.

A coterie in Figure 2 consists of an AS working in a PC and an RC-P for Edge
Resources working in another PC and an RC-P for Cloud Resources working in the third
PC. An agent in the AS is generally a multi-agent system to realize a complicated
application logic that works cooperatively with other application systems in the Cloud. An
agent generally consists of component agents that run on the OMAS-P sending and
receiving messages based on the OMAS communication protocol in this paper.

Figure 3 shows a structure of an RC running on the RC-P that connects agents in an AS
working on an agent platform, that is the OMAS-P or the Jade agent platform, for example,
to some Edge Resources or Cloud Resources. An RC consists of three modules: an Agent
Platform Interface, a Plug-In Interface, and a Translator. The Translator reads a Resource
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Profile and an Agent Profile that define specifications of a resource and an agent to
connect, and translation methods between agent messages and signhals/commands (raw
data) that are output from and input into the resource. The procedures of the Agent
Platform Interface, the Plug-In Interface, and the Translator are general, but the Resource
Profile depends on the resource, and the Agent Profile depends on agents that receive the
agent messages. Depending on an 0T application, a developer of the RC should describe
the Resource Profile and the Agent Profile using provided forms written by the JSON.

[ Agent Platform ]

+
ragent message
Resource Connector '
Agent Platform

Interface
Y
send receive
< <
Resource Translator Agent
,\
signal| |[command

Plug-In Interface

raw-data

- -—-|- ]

Edge Resource/
Cloud Resource
(Device/Data/Program)

Figure 3. Structure of a Resource Connector

Figure 4 shows a basic set of communication protocols between an agent and an RC that
are controlled by a Translator that refers to an Agent Profile. For example, the type-1 in
Figure 4 defines a simple interaction between a requester agent in an AS and an RC. After
the RC receives the request message, a Translator module translates the message to a
Command to control a resource based on a specification of it written in a Resource Profile,
and a sequence of received signals are translated into an agent message based on the
Resource Profile and the Agent Profile. The agent message is replied to the requester
agents. The type-2 in Figure 4 shows a protocol in which an RC becomes a requester agent
to send a request message to a different agent or an RC to process the request message that
was received from an original requester agent. The type-3 in Figure 4 shows an operation
when receiving a broadcast message or an inform message from an agent. The type-4 in
Figure 4 shows an operation when a request is sent as a command. At this time, the RC
executes the command and does not reply to the agent.

3.2. An Experimental Design of an Agent-based loT Application for Supporting
Office Work

To validate the functions of the proposed application using RCs that connect Edge
Resources and Cloud Resources, a task was chosen of an office work support as a simple
test bed. A system can be constructed by the proposed method and evaluated to determine
whether software that achieves the following scenario can be constructed. A user who
works for a travel agency has to make a plan for a client to take a trip to a resort area along
with her colleagues. She searches many web pages to find good airlines, railroad maps,
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rental cars, hotels, and site-seeing spots to meet various kinds of requests of the client very

quickly.
request request ( \ request
— —>
Memory Memory
—] -— le———————
answer answer answer
type-1 type-2

staticrequest-answer

dynamic request-answer

inform request
Memory Memory

type-4
command

type-3
broadcast/unicast inform

Figure 4. Basic Agent Protocol between agents and RCs defined in Agent
Profile

Figure 5 shows a simple structure of a coterie consisting of RCs and an AS that was
prototyped for the office work support scenario. This coterie includes a PA to support a
user in the above office scenario, two SAs to provide a database service, and a web page

searching service for the PA.

Edge Cloud
Resources Coterie Resources
coterie message Database Y
signal Signal Connector [«
Analysis message Service (RC-DA)
~ | connector Agent
(RC-SA) Personal SA-DB
Assistant [ message Web web
Device Agent PA Connector []7 pages
Control Service (RC-Web)
I"| connector Agent
(RC-DQ) | MeSsEE | sA-web

[:] Agent (OMAS)

Figure 5. Structure of a Coterie consisting of RCs and Agents

Resource Connector (RC)

Figure 6 shows an experimental design of a PA and RCs that cooperate with the PA.
They work in an agent-based loT application shown in Figure 5 to support office works.
The PA is a multi-agent system that consists of OMAS agents named Decision agent, a
Voice Conversation agent, a User-Watch agent, and a Task Support Agent.

A Video Conversation agent receives messages that include spoken texts from an RC-
Speech-To-Text and sends messages to an RC-Text-To-Speech. The User-Watch agent
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receives messages that include user’s actions that are defined in a knowledge model. An
RC named RC-Kinect generates symbols of the actions from signals captured by a Kinect
device. A Task-Support agent sends messages including commands to an RC-Visio to
write figures in a display and receives messages including events from the RC-Visio that
are captured by a Visio program when a user writes something on the display. An RC-
iTunes is an RC that receives messages form a Decision Agent (DA) directory to control
the iTunes application to show video images to a user.

3.3. Integrated Development Environment of OMAS-P and RC-P

The OMAS-P has provided a graphical user interface to develop programs and support
debug for agent developers. Figure 7 shows part of the OMAS support functions,
consisting of an OMAS-Message-Diagram to check interactions among agents, an OMAS-
Message-Panel to observe contents of messages that agents send and receive, and an
OMAS-Control-Panel to control and check each agent’s actions. In an RC-List, a list of
resources currently available on the computer by the RC, is displayed. In an RC-Control /
Message-Panel, the setting of the current operation of the resource, the configuration and
the status log of a data sender / a receiver are displayed. In the OMAS-Message Diagram,
all messages exchanged in an AS are displayed, and the status log and flow of sender /
receiver can be confirmed by a sequence diagram. Agent developers can be supported by
these functions. In this paper, the OMAS-P was extended to cover the RC-P to observe,
control, and check activities of RCs in a manner similar to the OMAS-P.

/ Coterie (Office Support) SA-Web \
request answer
( Personal Assistant Agent Decision Agent \
(DA)
request/ ans
answer inf
command inform
Voice Conversation User-Watch Task-Support
Agent (VCA) Agent (UWA) Agent (TSA)
\__T | '
. inform command inform
inform command
Ho et HETEEIE: RC-iTunes | | RC-Kinect RC-Visio
To-Text Speech
Resource Connecters

Figure 6. A Structure of a Personal Assistant Agent (PA) Consisting of
OMAS Agents and RCs
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OMAS-Message-Diagram OMAS-Message-Panel ~ OMAS-Control-Panel
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4

OMAS agents  RC-List RC-Control/Message-Panel RCA
Figure 7. Developer Tool for OMAS-P and RC-P
4. Implementation of an Agent Space to Support a User at a Desk

4.1. Scenario of Supporting a User Working at a Desk

A worker who is a user of a PA in this scenario, is working at her desk to make a plan of
a trip for a client as shown in Figure 8. A colleague comes by her desk and asks her about
the plan of which they are in charge. She wants to show and explain why the schedule is
behind what they arranged.

First, she wants to show him a plan of “5 days in Tokyo” for French clients. Then, she
asks her PA to show it on a big display on a wall conversing with the agent by voice as
follows;

User> Agent. Show me the document about hotel reservations that | made yesterday
afternoon.

PA> This is a list of documents you made yesterday afternoon.

The list is shown in a tablet PC that only she can see.

User> Show us the Visio document titled Trip-plan-2016-11-11.

PA> Is this right?

User> OK.

A Visio document is shown in a big display that two persons can see at the same time.

Next, she tells him that the total price of rooms in a list of hotels inside and near Tokyo
costs too much against the total trip budget. Then, she wants to change the list to better
hotel reservations based on the colleague’s opinion. To do so, she prepared some
bookmarks of hotel reservation sites the previous afternoon.

User> Agent. Show me a list of bookmarks that | created in the late afternoon.
PA> This is a list of web pages you opened between 4 pm and 5 pm.
User> Show us number 5.

Then, a web page of a hotel reservation site is shown in a big display.
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3. Finalize travel plan #3
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Figure 8. Scenario of Supporting a User Working at Desk

4.2. Implementation of VVoice Conversation Agent

The Voice Conversation Agent (VCA) working as a component agent of a PA is a
knowledge-intensive agent that finds user’s requests by task-oriented conversation using a
set of Extended Hierarchy State Transition Matrix and Ontology concerning the topic area
[9] as shown Figure 9. A VCA for a particular user has ontology concerning the user,
colleagues of the user, expertise on her job and so on, to find her requests. When the VCA
makes a request clear as a task, it sends the task to the Decision agent in the PA. Then the
Decision agent decides how to solve the problem to answer a result to the VCA. For
example, if a task sent by the VCA is “to find all documents that she made between
12:00/26/03/2016 and 24:00/24/03/2016”, the Decision agent will return a list of names of
document back to the VCA in the office work scenario.

A VCA controls the RC-STT (Speech-To-Text) and the RC-TTS (Text-To-Speech) to
interact with the user by voice. An RC-STT running on the RC-P recognizes a sentence
that the user speaks, and sends a string of characters to an input variable of the VCA.
When the VCA makes a sentence to talk to the Master, the VCA sends a message to the
RC-TTS in the OMAS protocol.
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Figure 9. Vocal Conversation Agent in OMAS-P and Vocal Resource
Connectors

In this example, if the user sends a request to the Decision agent to “Play a video of the
resort spot for a colleague,” the RC-iTunes running on the RC-P plays a video image when
it receives a command message from the Decision agent.

4.3. Implementation of RC-Kinect

It is necessary for a PA to understand a request of the user through interaction with the
Master using awareness of the Master other than by vocal conversation. In order to watch
the user and her surroundings, a Kinect sensor device and a software development
environment of Open NI for Kinect were used in this experiment. An RC-Kinect Agent
consists of a connecting function (Kinect-Connect) to the OMAS agent and a wrapping
module (Kinect Open NI) to wrap an OpenNI for Kinect as shown Figure 10. A plug-in
program corresponding to the necessary profile and resource in Figure 10, an agent and an
RC capable of the operation shown in the sequence diagram were developed.

The right side of Figure 10 shows a message diagram between the User-Watch agent
and the Kinect Agent. Figure 11 shows the report message to the User-Watch agent (as
OMAS PA in this case) corresponding to an event ‘“Person-1 appears” and “Person-1
disappears” when the Kinect Open NI was connected to the Kinect Agent. In RC-P-IDE
for RC-Kinect Window, the skeleton and image of the person detected by Kinect, and
information such as the number of people detected at present are displayed for debugging.
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Figure 11. Development Support Tool for RC-P

4.4. Implementation of Web Page Agent

Web Agent in Figure 12 is an RC that mines web pages as a collection of data using a
plug-in module running on Windows OS according to a request from an SA-Web. The
Web Agent processes a number of texts and images in web pages using certain data mining
algorithms and transforms them into a message including knowledge representation
defined by an ontology set based on a protocol between the Web Agent and the SA-Web

agent.
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Figure 12. Debug Views of Web Agent

5. Conclusion

In this paper, sensor devices as well as data captured by them are called Edge
Resources. In addition, programs to control them and to analyze them in local computers
are also called Edge Resources. The raw data captured by the Edge Resources and
analyzed data transformed from the raw data can be saved in Cloud databases. Web data
and programs as well as the data described previously are called Cloud Resources. One of
the challenging problems in developing an 10T application is to design an architecture to
connect Edge Resources, including sensors and pattern recognition programs, to Cloud
Resources, including databases and web pages. We proposed an agent-based methodology
to develop IoT applications that connect Edge resources and Cloud resources to agents.

Figure 1 shows our proposed architecture for realizing intelligent 10T applications using
an AS and RCs. AS consists of various kinds of multi-agent systems that provide services
of ToT applications to watch users’ actions and changes of environments using sensors, for
example, as well as to find knowledge for the users from Cloud Resources. A multi-agent
system is also expected to help unskilled users utilize sophisticated services of Cloud
Computing using a vocal interface or a gesture interface, for example. In the
implementation for the scenario in Chapter 4, we confirmed that it has sufficient
functionality to achieve the purpose of the scenario because the implementation of the
functions and the confirmation of the implementation were made according to the proposal
of this research. One strong point of the proposed method is that each resource can be
reused. We are currently conducting experiments to construct a system using the proposal
of this paper. In addition, the weak point is that plug-in programs must be developed for
corresponding resources.

In this paper, we presented an 10T application of a PA that converses with a user using a
vocal interface in Edge Resource to show a web page requested by the user. Although a set
of functions of pattern recognition of the PA is still small and limited, the structure of the
PA is flexible because agents and RCs (Resources) can be replaced easily in the proposed
architecture. When the function and performance of an Edge Resources or a Cloud
Resource is improved, our PA can incorporate the improved resources by modifying the
Resource Profile and Agent Profile of the RC. We are developing new IDE of RC-P to
enhance this property in the future.
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