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FROM AUTOMATION TO AUTONOMY -
A NEW TREND FOR SMART M ANUFACTURING

PARK, H-S.

Abstractt Today 6s dil emma of the manufacturir
whil e manuf act uraffectgdbysglomincoempetition, mighndegree &f
complexity and autonomy, short delivery times and high product variety. In order to
guarantee therequested product quality and reduce downtime, the smart
manufacturing (SM) which is considered as a new trend helps to meet objectives
associated with these problems and improve the productivity, quedst, and
competiveness. From an engineering pecsipe, the SM is the reinforced application

of advanced intelligence and cognitive technologies to enable rapid productivity,
dynamic response to product quality demaauald realtime seHoptimization of
productionprocess It creates an autonomy enviroant across a series @forkpiece

and manufacturingsystem. Nowadayslue tothe evolution of thenformation and
communications technologiesthe SM technique has promised to exploef
optimizing manufacturingn industry by its potential such asaintaning process
stability. For this purpose, inhis article the benefits and challenges of sgifimizing
manufacturing concept regarding its capability and responsibility presented
describing the adaptation to changing manufacturing environment
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1. Introduction

Manufacturing systems of the future will be characterized by the strong
individualization of products uredt the conditions of valdadded processes and high
guality services. So, new technologies and methods are researched for the next stage
of industrial manufacturingNumerous researches in the manufacturing field to
achieve an intelligent manufacturing lealveen reported in the literature as shown in
Fig.1. The research area can be classified as follows:

1 Technologies for the advanced information systems such as
manufacturing execution system (MES) and process planning, industrial
network, inheritance ofdata and information and communication
technology (ICT) for industry.

1 Evolvable hardware/software such as integration of industrial systems,
intelligent diagnosis, effective maintenance for equipment and system, hi
tech machinery industry and intelligesgnsors.

1 Manufacturing system architecture such as international standards, design
technology and model of the manufacturing system.

In recent years, due to the hard competitiveness through globalization most
manufacturing companies have focused on matufag higher value added
products with low production costs. So, it is inevitable to apply the advanced
technology to carry out it in effective and efficient way.
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Fig. 1. Research areas in intelligent manufacturing
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Monitoring and control ofmachining processes are becoming increasingly
important for keeping a consistent quality of machined parts.

The article presents 4process sensing and control techniques with applying
information science for the next generation of quality control thairehtes the need
for expensive pogprocess inspection. In this research, a machining process of
machine tools consideredn terms ofa quality oriented control. The sedptimizing
control is proposed for enabling intelligent process monitoring antlatavhich can
detect the cutting conditions and status of machining operations. To prove the
proposed selbptimizing control system, sefhonitoring and selfadjusting the
machining proceseelated tothe tool conditionsuch as tool weawvas considereth
thisarticle.

The adaptation of a manufacturing system to disturbances is abilities to respond
rapidly and to recover autonomously, which keep the manufacturing system running
and avoid stopping completely. Autonomy allows the system to recover
autonomaisly. The article presents an autonomous manufacturing system (AMS)
where all resources of a manufacturing system are modeled as intelligent entities. Each
entity has abilities of identification, data collection and making a decision
autonomouslyThe AMS for adapting to disturbances brings the following advantages:

1 Allowing the control system to take action during disturbance and to
continue to operate instead of stopping the manufacturing system
completely

1 Equipping entities in the manufactog system the decision making and
self-controlling abilities

The new trend of the manufacturing system development is to apply
autonomous behaviours inspired from biology for the manufacturing systems.
Intelligent entities of the AMS equipped cognitivepabilities are necessary, but they
are not enough. The AMS implemented needs not only intelligent entities but also an
autonomous control architecture of the manufacturing system. The control
architecture is changed from the centralized control of-intelligent entities in
hierarchical structures towards the decentralized control of intelligent entities in
distributed structures.

1. Core Technologies for Realizing Smart Manufacturing

1.1 Cognitive Technology

The vision of cognition based manufacturilsgshown in Fg.2 In which the
intellectual functions such as autonomy, learning, planning, and interaction are
equipped with manufacturing equipments and processes in order to improve
intelligent, adaptive, reliable, agile, and responsive charactsrisfidhe system.
Wireless environment ensures the efficiency in communication and cooperation
among machines, devices and -systems in the factoryn cognitive manufacturing
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systems, two aspects of cognitiare. communication and intellectual funct®ras
shown in kg.3, are considered to apply into mdacturing environments
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Fig. 2. The model of cognition based manufacturing

The first aspect considers methods for data acquisition, observation; connecting
machine to machine, machine and huniére second aspect is intellectual functions
such as learning, reasoning, and conifbke cognitive systerwas proposed by Zhao
and Son Zhao & Son, 2008 In this system, the BDI architecture inspired from
cognitive science was applied. Beliefs are infation about the shop floor such as
the status of machines and processes. Desires are all the possible states of tasks the
the system would like to accomplish. Intentions are the states of the tasks that the
system has decided to work towards.

This archiecture is based on a human decisieking model from cognitive
science that comprises knowledge models, methods for perception and control,
methods for planning, and a cognitive percepaaction loop.

The paradigm Acogni ti ongsystem denetesrhat o f
machines and processes are equipped with cognitive capabilities and cognitive
controls in order to enable them to increase their scope of autonomous operations. A
cognitive control consists of three general actions: perceiving infaoman the
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environment, reasoning about those perceptions using existing knowledge, and acting
to make a reasoned change to the environment. Cognitive capabilities such as
perception, reasoning, learning and planning turn the technical system into @nes th

t hZaghet aly 2009.dManufagturing Systems with
cognitive capabilities will be much easier to interact and cooperate with, and they

isAiknow what

will be more robust, flexible and efficient.
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Fig.4 illustrates the cognitive system for controlling the shop floor. This
framework is based on the BDI architecture of human decision making. In this
framework, the cognitive system is responsible for monitoring and controlling the
shop floor. The task gersdor receives orders from the ERP andntlgenerates
sequences of taskghich are required to produce the orders. These tasks are sent to
both of the MES and the cognitive system. The belief module is responsible for
updating information on the shop floor. These data are then compared with the
desires in the desire module the decision making module. In case the data match
with the desired goals, a message is sent to the MES to report the normal status and
the shop floor continues running. Otherwidee data are different from the desired
goals because of an error happenifhige decision module generates a new plan and
controls the shop floor. The MES controls the shop floor when the machines or
processes are recovered.

Learning can be defined as a way to acquire knowledge and skills to adapt the
changes, and it is cruciab respond to the dynamic of environment and to improve
the system ability to act in the future by taking a better decision and perfdoeiieg
the required actionsBrezocniket al, 2003) Learning is normally performed in result
of the decision makingrocess allowing to adjust the decision parameters or to
update the behaviour rules. In the manufacturing control context, the learning
mechanisms are triggered mainly in the situations: the process finishes, the system
configuration changes, and unexpectdisturbances occur. Reasoning is used in
prediction tasks and decision making. Several reasoning mechanisms are used such a
causal, temporal, and spatial reasoning which enables themsyste solve
dynamically changingand more complex tasks. Reasonpigys the main role for
autonomous adaptatigmmocessf the system where the system adapts to disturbances
and changes autonomously.

1.2 Agent Technology

Agents can be classified such as biological agents (human), robotic agents
(autonomous robots), argbftware agents as showm Fig.5 In this research, the
agent technology is applied to implement distributed systems by set of software
agents. Software agents are computer programs that have characteristics such as
autonomy, social ability, eetivity, and preactivenessl(eitao, 2009).

The autonomy is an ability of the agent to achieve its goals without any support
from the other agents. On the other hand, the interaction between agents is the social
ability of agents that is used to get the global goal of the system. The reactivity,
which is based on the relation between perception and action, is an ability of agents
to respond to the environmental changes. Theaptiveness of agents is an ability to
express the godalirected behaviours.
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With the conventional agent, the reactions of agent to changes of the
environment (status of the machine tool) are based on the rules. The mentioned
characteristics of the agents are necessary to develop the distributed control system of
the AMS. In practice, mangpplications based on the agent technology have been
proposedto deal with disturbances by dynamic rescheduling and reconfiguration.
This method is an effective way to overcome disturbances which are long time to
recover or unable to recover. Howevercase disturbances require a short time to
recover, agents for the seHfcovery system without rescheduling are more suitable
than a total scheduling modification.
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The reactions of agents to the environmental gharare the reactivity or pro
activeness that depends on what kind of agent architecture is applied to develop the
agents.

These software agents are further divided into -sgecific agents,
entertainment agent, and viruses. In the manufacturing fiedatiikspecific agent is
improved their capabilities in terms of scope of autonomous operations by the
integration of biological characteristics and artificial life. Artificial life studies the
logic of living systems in artificial environments. The gaato study the phenomena
of living systems in order to come to an understanding of the complex information
processing. Cognitive architecture is applied to build cognitive agents as shown in
Fig.6. Consequently, the agents are equipped with cognitive capabilities such as
reasoning to make a decision, and cooperation which emulate human cognitive
behavior

1.3 Cognitive Agent

A synthesis approach of the agent and cognitive technolegeszpplied to
improve the autonomous characteristics of conventional agents. As the result, a
smarter agent, namely cognitive agent, is proposed. The cognitive agent is a computer
program equipped with artificial cognitive capabilities in order to perfore th
cognitive activities which emulate the cognitive behaviours of human such as
perception, reasoning and decision making, communication, and learning. Cognitive
agents ensure the flexibility of the manufacturing system for adapting to the changes
and unexpcted disturbances. The cognitive agents implement a cognitive pereeption
action loop that does not only adapt to the changes of manufacturing system
autonomously but also inherits any new optimal plan generated for adapting to
disturbancesFig.6 shows tle architecture of a cognitive agent for processing events
occurredfrom the resource controlled by the cognitive agent such aswisn,
machine breakdown and so ofihe perception module is responsible for a data
acquisition from the resource through sers. This data observation includes many
kinds of datasuch as visual data, auditory data, vibration data, and so on. The
interpretation module is responsible for transforming these data to the standard
format that describes the status of the resource. cignitive agent uses its own
knowledge and experience to make a decision that is suitable for the status of the
resource. In order tgope with an unfamiliar status, selkarning and inheritance
capabilities are equipped for the agent. Al techniqueggbed to generating a new
solution for adapting to the unexpected status of the resceug.enachine learning
techniquesadapting ® dynamic changesof the environment. The cognitive agent
makes a decisiolke a new plan based on the updated knowledgmopewith the
resource changes. The action module processes this plan into tasks and executes th
tasks at the resource. At the same time, this module sends the tasks to the
communication module if the planpsocessed by the agent team

1.4 Swarm Intelligence

In the natural environment, a collective intelligence is carried out by simple
interactions of individuals. A concept found in the colonies of insects, namely swarm
intelligence, exhibits this collectiventelligence Leitao, 2009). Swarm intelligence
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Is established from simple entities which interact locally with each other and with
their environment such as colonies of ants, schools of fishes, flocks of birds, and
human cooperation as shown Hg.7. Swarm mechanism is applied to the
manufacturing field. In ant colonies, the collective intelligence is given by
interactions of individual ants with the limitecbgnitive abilities expressed by
chemical substances called pheromones. One of the colleatelégence of an ant
colony is finding the shortest route from the nest to the food source. The first ant
finds the food source and returns to the nest leaving behind a pheromone trail. Over
time, the evaporation of the pheromone trail begmseduce i$ attractive strength.

The pheromone evaporation is a criterion for avoiding the convergence to a locally
optimal solution. Ants can follow many possible ways from the nest to the food
source and back again, but the strengthening of the route making tloeen m
attractive is the shortesoute (eitao, 2009b; Garg et al., 2009
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Fig. 7. Bio-inspired technologies for manufacturing

Transferring this principle to the manufacturing field, most current
manufacturing applications such as manufacturing scheduling and manufacturing
control use the swarm intelligence technology. In which, swarm intelligence
technology is expressed either @slutionary algorithms (ant colony optimization,
particle swarm intelligence)Afighinolfi, et al., 200y or as a multagent system
(Leitao & Restivo, 200 In order to adapt with the dynamic evolution of
environment, a swarm of ants needs the-@gjtnization ability. SeHorganization is
carried out by re@rganizing its structure through a modification of the relationships
among entities without external intervention. In manufacturing systems, which is
seen as a community of autonomous and cooperatitiies, seHorganization is
carried out by locally matching between machine capabilities aratiupt
requirements Nakano & Suda, 2007 Each machine has a pheromone value for a
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specific operation and the machine with the shortest processing timesfeacHic
operation has the highest pheromone. A machining process planning provides
information on how to machine the designed products. This information includes
machining operations and parameters needed for machining to convert a part from a
raw materal to a given shape. The machining process planning is automatically
generated by using the CAPP system. Most ofctimeent availableCAPP systems

are centralized in architecture and -lifle data processing. Even though Al
techniques arappliedto geneate an optimal process planning, tbenventional
CAPP systems are difficult to make adaptive decisions in advance, without knowing
actual the status of machines on the machining shop floor. Thepoewit for
generang a machining process planning isapply cognitive agent technology. In

this method, worlpiece, machine tools, robot, transporter, and so on are controlled
by the corresponding cognitive agents.
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Fig. 8. Swarm of cognitive agents for the machining system
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The machining system is considered as a swarm of cognitive agents shown in
Fig.8, in which the whole machining process planning for the designed product is
generated byhe cooperatiormamong cognitive agents. Each machine agent has the
ability to generate a process plan for itself and negotiate with other agents in order to
carry outmachiningprocess in effective and efficient walyhe negotiation ensures
that all tasls are allocated tdhe corresponding machine agents, consequently,
avoiding conflictedasks among these agents.

1.5ICT Infrastructure

In communication, resources of the manufacturing have the ability of
identification, data collection and making a decision autonomousliytaaa ICT
infrastructure. The ICT infrastructure contributes significantly to the success of
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Implementing the autonomous manufacturing system (AMS). The MES provides an
interface between an ERP system and dlar controllers for executing the
functionalties such as scheduling, order release, quality chr#nd data acquisition
(Choi & Kim, 2002; Kletti, 2007; Valckenaers et al., 200Mhe ERP system
supports almostll business systems whose single database is used for business
functions such as production and supply chain management. The ERP system also
can be considered as the informational backbone of IT infrastructure for
manufacturing system.

Radio frequency identification (RFID) technology atié sensor technology
relatedto it have a great potential in changing the way of control, production
automation, and special data collection in connection with the higher level such as
ERP, supply chairmanagement (SCM), and customer relationship management
(CRM) (Gunther, et al. 200&s shown in Fig.9.

Fig. 9. RFID technology in manufacturing

They also make a contribution for cutting down labor cost, reducing breakdown
time, and improving production effectiveness. In the machining system controlled by
the cognitive system, RFID technology plays the role of tracking on core components
in complicated processes in real time because this technology enables to read and
write data to an RFID tag at the moving parts.

Ubiquitous sensor network (USN) is a tool for collecting production data i real
time constraint. The USN plays the role of monitoring rhachine operating status,
actual production, and ingasing the product qualityKim, et al., 2009 A



