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Abstract

In the near future, the foreseen improvement in machine tools will be in the form of a knowledge evolution-based in-
telligent device. The goal of this study is to develop intelligent machine tools having knowledge-evolution capability in
Machine to Machine (M2M) wired and wireless environment. The knowledge evolution-based intelligent machine
tools are expected to be capable of gathering knowledge autonomously, producing knowledge, understanding knowl-
edge, applying reasoning to knowledge, making new decisions, dialoguing with other machines, etc. The concept of the
knowledge-evolution intelligent machine originated from the process of machine control operation by the sense, dia-
logue and decision of a human expert. The structure of knowledge evolution in M2M and the scheme for a dialogue
agent among agent-based modules such as a sensory agent, a dialogue agent and an expert system (decision support
agent) are presented in this paper, and work-offset compensation from thermal change and recommendation of cutting

condition are performed on-line for knowledge-evolution verification.
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1. Introduction

Machine-tools may be the subject of cooperation in
future production systems. It is foreseen that machine
tools operating in the M2M environment will be able
to autonomically evolve in their knowledge, main-
taining the cooperation between various internal and
external factors [1-3]. In this study, the design of a
dialogue agent module will be presented on the basis
of standard platform analysis and ping agent analysis.
The purpose of designing a dialogue module agent is
for its use in the development of the knowledge-
evolutionary intelligent machine tool. An apposite
processing system able to process an enormous
amount of knowledge in place of human experts is
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needed in developing the knowledge-evolutionary
intelligent machine tools [4-6]. It will also be neces-
sary to develop an agent for intermachine cooperation
[5-7]. The knowledge-evolutionary intelligent ma-
chine tools will operate by three mechanisms. First, it
will have a sensory function similar to that of humans.
Second, it will have a communicational function, it
will acquire knowledge based on indirect experiences
from other experts using the human-dominated lin-
guistic ability. Lastly, it will have a reasoning func-
tion. The sensory function, communicational function,
and reasoning function will be performed by the sen-
sory module, dialogue module, and expert system
respectively, as shown in Fig. 1.

In this study, the agential concept of the dialogue
module, which is necessary for intermachine coopera-
tion, will be presented in the three modules. Further-
more, the FIPA-OS, which is a framework based on
agent, a related simple agent, and a dialogue agent
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advanced from it will be presented. The dialogue
agent, which functions as a dialogue module, com-
municates with other machinery, using the communi-
cation agent. It will acquire knowledge based on indi-
rect experiences by communicating with other ma-
chinery that has the knowledge relevant to a particular
task assigned. The designed dialogue agent will be
applied in coming up with the recommended cutting
conditions and thermal error compensation in tapping
machines. Through this study, supported by the study
on sensory agent and decision support agent. the im-
plementation of knowledge-evolutionary machine
tools is expected to become easier.

2. Intelligent machine tools in M2M

Machine tools have always been regarded as ob-
jects of integration, but if intelligence technologies for
knowledge evolution are developed, it is expected
that they may be the subject of cooperation. Fig. 2
shows the outline of a Machine to Machine (M2M)
environment that could be expected to minimize the
roles of human experts and to substitute for mechani-
cal experts. Machine-dependent knowledge and ma-
chine-independent knowledge are examples of types

of information exchangeable in an M2M environment.

The information may make evolution of knowledge
possible with the exchange of information in real time
with computer-aided manufacturers, tool makers and
marketers, material producers and marketers, remote
service distributors, even e-machines. Fig. 3 shows
the outline of intelligent machine tools of which
knowledge can be evolved within the M2M manufac-
turing system.

As previously stated, it has three agents, namely,
the sensory function, the communication function,
and the reasoning function.

Machine
Expert
Machine to
Machine

Dialogue
Module

Sensory
Module

Fig. 1. The three object modules.

3. Agent platform and Inter-agent communi-
cation

The dialogue agent manages windows and acquires
knowledge from indirect experiences by communicat-
ing with other machinery. The dialogue agent or the
communication agent was constructed based on
FIPA-OS (Open Source) or JADE (Java Agent De-
velopment Framework), the software agent platform
that implemented FIPA agent standard, as illustrated
in Fig. 4. Italy’s JADET, Japan’s Comtec, USA’s
AAP and UK’s Nortel Network were included in the
agent standard-oriented platform. Upon evaluation,
FIPA was found to be the most suitable to multi-agent
standard (Poslad et al., 2000). FIPA-OS has several
basic agents and factors, such as DF (Directory Facili-
tator), agent management system, agent communica-
tion system, IPMT (Internal Platform Message Trans-
port), agent shell, etc., that are able to terminate and
generate agents as well as provide ACL (Agent
Communication Language) message. DF service
makes it possible to retrieve specific agents. The
agent management system lists agents or cancels the
registration; the agent communication channel (ACC)

CAM H

= Tool Maker

¥

e-maching *,.=*" Cutting S\Wgh -

._-"‘Cumng Cnnwg@o *
OB\ progrgqe® Aceurary”

’ &
Tels Servicer “a\@& Materials

achy tatus
1] [ﬁ

Machme—abili‘ty.»"'
e-machine

s

e-machine

Intelligent Machine
with Knowledge Evolution

Fig. 2. M2M manufacturing system.

MM Eanironment

oo Pl Wt ay ...
et
= €
=

=

Fig. 3. Knowledge-evolutionary intelligent machine tools in
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Fig. 4. FIPA-based agent standard platform.

supports the inter-agent communication and the agent
shell provides the basic framework so that new agents
may be generated. The agent shell is based on Java
class, and new agents are produced by inheriting traits
from the basic class. Furthermore, the agent shell
manages the ACL messages and contains the class
pertaining to the protocol standard. IMPT provides
message routing service for the agents produced from
a specific agent shell. FIPA-OS, the software agent
platform that implemented the FIPA agent standard,
was analyzed to implement dialogue agent, as well as
to present inter-agent communication and the scheme
of dialogue agent.

This chapter also deals with the program and its
application. It is necessary to implement a demo pro-
gram for transmitting and receiving string during
agent operation. It is of importance that JVM, JDK
and FIPA-OS should be operated after their versions
are made compatible with each other. The agent
loader should be analyzed and GUI window should
be generated so that the ping agent may be imple-
mented and messages may be exchanged. The ana-
lyzed ping agent should also be registered on the
agent loader. The GUI, form and dialogue file in the
agent loader were analyzed and the dialogue usable in
text-transmitting and receiving program was con-
structed. Message transmitting and receiving was
appositely corrected by analyzing the ping agent. Fig.
5 shows the agent modeled as such. With regard to
the communication between FIPA-based agents, ACL
is the most important component. Fig. 6 shows the
agent communication using ACL and FIPA-based
messaging. Fig. 7 shows the outline of the inter-FIPA
agent service. The agent using ping in DF is identified
and retrieved, and service interface is implemented by
the query through the ACL envelope.

The following concretely shows the M2M interface
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Fig. 5. FIPA-ACL-based ping agent prototype.
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Fig. 6. FIPA-based agent communication using ACL message.

Specifying a FIPA agent service
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Fig. 7. FIPA-based service between agents.

and the relativity between agent and component for
the basic studies on internet/agent application:

Fig. 8 shows a pattern of the interface between
FIPA-based agents shown in the M2M environment.
The outline of agents necessary for the knowledge-
evolutionary intelligent machine tools in M2M envi-
ronment is shown in (a), while (b) shows the machin-
ery, which is broadly classified into the container, as
well as the pattern of intermachine or inter-agent in-
terfaces. Such designs and illustrations make it possi-
ble to study the multi-agent application.
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4. Dialogue agent

Fig. 9 shows the scheme of the dialogue agent. The
dialogue agent acquires knowledge from indirect
experiences through communication with other ma-
chinery and files this information, for use in case a
task is given. The internal sensory agent and decision
agent are linked with the interface part of the dialogue
agent through the communication agent. The com-
munication agent can communicate with M2M, that is,
the external agents of other machinery. The data
passes through the interface part of dialogue agent,
which judges the usefulness of the data received from
the interpreter. In addition, it determines the action
suitable for the task, concurrently passing through the
dialogue engine with the social knowledge that man-
ages the agent for reasoning cooperation. The result is
re-sent to the communication agent through the dia-
logue engine and the interface part.

As shown in Fig.10, the ultimate goal of the dia-
logue agent is to function as the dialogue window to
improve its knowledge by accumulating such knowl-
edge from other machinery, in instances where exter-
nal knowledge is needed to perform a task.
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Fig. 9. Scheme of the dialogue agent.

Planabilt
[ Condiion :
=
— ;
Schedle
=

ﬁ Dialogue GUI | Dialogue Interface

Communication Agent @

1

Self-Knowledge Knowledge
I
Training-Knowledge

o
°
°

Fig. 10. Structure diagram of the dialogue agent.

It makes possible not only the development of in-
telligent machinery by sharing information but also
the communication of useful information and knowl-
edge to the “on-the-job” and “out-of-the-way” hu-
mans and machines. Moreover, it will make possible
the development of the knowledge-evolutionary intel-
ligent machines by stages.

5. Application

To derive actual data from the sensor, thermal
change and deformation-measuring experiment was
applied to the tapping machine. The tapping machine
is a tool used to make female screws used for auto-
mobile parts, electronic parts, mechanical parts, etc. It
is an important core machine used in almost all the
industries. Fig. 11 shows the outline of the thermal
change and deformation-measuring experiment. The
thermal signals of the respective axes (X, Y, and Z)
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Fig. 11. Data acquisition for thermal error compensation.

Fig. 12. Data interface by dialogue agent.

are amplified by the amplifier (ADAMS 3000) then
digitalized and stored by an A/D converter. The de-
formation of the respective axes are fixed by using an
eddy current-type cap sensor, and measured at the
position where thermal change was measured then
stored after amplification and conversion. Atmos-
pheric temperature was between about 15 and 18
degrees centigrade, showing a variation of 3 degrees
centigrade.

As shown in Fig. 12, the dialogue agent generally
manages the sensory agent, the decision support agent
and interface, to process an enormous amount of
knowledge including the knowledge concerning the
machine-dependent thermal deformation and the ma-
chine-independent cutting condition. For instance, in
the case of the ball-end mill, usually used in mold
processing, an interrogatory knowledge is regularly
applied when a cutting condition is given in the dia-
logue agent. In particular, the cutting conditions such
as RPM, feed rate, feed/tooth, main speed, etc., which
are necessary for processing work, are given when
inputting information about the work piece, such as
materials, hardness, necessary tools, etc.; the same is
applicable for thermal deformation. Fig. 13 shows a
sample of thermal compensation and Fig. 14 shows a
sample of cutting condition. If a machine in which the
knowledge or information concerning the cutting

Fig. 14. Cutting condition recommendation through dialogue.

condition is not inputted, it receives related knowl-
edge from other machines in which such knowledge
was already inputted. This system makes evolution
possible. This system may be applicable to machine-
independent knowledge such as cutting conditions.

However, the system may be unsuitable for ma-
chine-dependent knowledge received from other ma-
chines, such as thermal compensation, because the
temperature around the machines influences the ap-
plication even with the same machine having the
same position

This problem may be gradually solved upon con-
sideration of such conditions.

6. Evaluation

Fig. 15 shows the manufacturing error by thermal
change for 13 hours 30 minutes of manufacturing
time. The average manufacturing error is approxi-
mately 16.5um. Fig. 16 shows the characteristic
evaluation of manufacturing accuracy. The error by
thermal change is improved by more than 64 percent
by manual compensation. However, the error by
manual compensation is higher than real-time auto-
matic compensation method by approximately 1.9
percent, and the manufacturing time by manual com-
pensation is also higher by 9.1 percent than conven
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Fig. 16. Characteristic evaluation of manufacturing accuracy.

tional manufacturing. This is because more manufac-
turing time is consumed in manual compensation
such as during offset-parameter modification, and
machine operation such as stopping and restarting.
Results show that the error by thermal change is im-
proved by more than 76.4 percent by real-time auto-
matic compensation.

7. Conclusion

This study was performed to design a dialogue
agent among the sensory agent, the dialogue agent,
and the decision support agent, necessary in the de-
velopment of the knowledge-evolutionary intelligent
machine tool. The FIPA platform, a standard opera-
tive environment, and the ping agent were analyzed
and implemented, and studies on the effectivity of the
dialogue agent were performed. In this study, the
function of dialogue agent in the M2M environment,

suitable to the development of knowledge-evolu-
tionary intelligent machines, was presented in consid-
eration of intermachine cooperation. The concept of
agent-based dialogue module was presented between
the pattern of knowledge-evolutionary intelligent
machines and the objective models of knowledge.
The dialogue agent was designed by centering on
FIPA-based message interface after the basic analysis
of the ping agent in M2M environment, and an actual
application was performed. In the actual machine
application, work-offset compensation from thermal
change and recommendation of cutting condition are
performed on-line for knowledge-evolution verifica-
tion.
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