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1. Introduction 

With the explosion of micro to nano-scale embedded devices and sensors in all aspects of manufacturing, the 

development of control software that takes advantage of the real time data generated by these devices to support real 
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Abstract 

Advances in sensor technology, IOTs, communication technologies, computing, data management and analytics is changing the 

way modern global manufacturing enterprises are managed.  With appropriate design and architecture of these technologies it is 

possible to use digital data streams to manage these enterprises in real time.  This paper focuses on issues related to the design of 

these systems.  Specifically, we focus on developing approaches for the design of autonomous services that receive data from local 

devices (e.g. sensors) in real time, do some processing in real time, communicate with other services, and respond to stimuli 

received from other services in real time.  This allows localization of appropriate decision making.  These services pass on relevant 

information to other related services in a web like architecture. 
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time decision making in a global manufacturing enterprise becomes extremely complex and critical. While the time 

scales for control decisions are shrinking, the scale and complexity of the systems are increasing.  The large volume 

of data, real time processing requirements, and complexity of the overall operation requires that the software systems 

are designed and executed in a highly distributed manner.  The processing of the data and routine decision making 

needs to be fragmented at the micro level yet still needs to be coordinated to enable a human decision maker to monitor 

the operations and take actions. 

Based on the latest developments in service-oriented architecture, complex event processing, and smart cyber-agent 

technologies, we develop an approach called ‘Service oriented, Event driven, Smart cyber-agent (SES)’ for the 

composition of systems for real time management of global manufacturing enterprises (GMEs) from existing agents 

and services.  Specifically, we focus on the problem of identifying the appropriate level of granularity for smart cyber-

agents, the delegation of appropriate decision-making authority and responsibility to these agents, and definition of 

services along with standard interfaces provided by the smart agents.  This paper is part of a multi-year effort which 

is expected to result in a working prototype of the system and development of capabilities to address issues related to 

advanced manufacturing based on the latest developments in information and communication technologies. 

The National research council’s Committee on Visionary Manufacturing Challenges 2020 identified the problem of, 

"Instantaneously" transforming information gathered from a vast array of diverse sources into useful knowledge for 

making effective decisions as its grand challenge # 3 [NRC, 1989].  Despite several efforts to develop specific 

architectures for real time control of certain types of manufacturing systems [Heragu et al., 2002; Meyyappan, 2007; 

Sikora and Shaw, 1997], a generalized scalable mechanism is not available [Pereira and Carro, 2007].  Increasingly 

modern manufacturing systems are acquiring the characteristics of cyber-physical systems [Gill, 2006].  These are 

characterized by cyber capability in every physical component, networking on multiple and extreme scales, and 

complexity at multiple temporal and spatial scales. 

Service-oriented architecture (SOA) is an architectural style where existing or new functionalities are grouped into 

atomic services [Arsanjani, 2007]. These services communicate with each other by passing data from one service to 

another, or by coordinating an activity between one or more services. SOA is a promising approach for designing real 

time manufacturing shop floor control systems.  Agent based frameworks are increasingly being used to break up the 

complex decision processes. A smart cyber agent has an internal behavior model, a functional component consisting 

of procedures/heuristics/strategies, and a protocol for interacting with other agents [Sikora and Shaw, 1997].   

Complex Event Processing (CEP) is an event processing concept that deals with the task of processing multiple events 

from an event cloud with the goal of identifying the meaningful events within the event cloud. CEP employs 

techniques such as detection of complex patterns of many events, event correlation and abstraction, event hierarchies, 

and relationships between events such as causality, membership, and timing, and event-driven processes. 

SOA, smart agents, and CEP together offer a real opportunity for addressing the grand challenge and are increasingly 

being seen as ideas that potentially could revolutionize real time management of global manufacturing enterprises.   

This paper focuses on issues related to the design of these systems. Specifically, we focus on developing approaches 

for the design of autonomous services that receive data from local devices (e.g. sensors) in real time, do some 

processing in real time, communicate with other services, and respond to stimuli received from other services in real 

time.  This allows localization of appropriate decision making.  These services pass on relevant information to other 

related services in a web like architecture. 

2. Cyber-physical system architecture: 

As illustrated in Fig. 1, the proposed real-time SES manufacturing control system is the glue that links higher level 

ERP systems to shop-floor automation systems within a global manufacturing enterprise.  The SES system provides 

a combination of automated and semi-automated decision-making capabilities that helps upper-level management and 

shop floor hardware cope with events ranging from new order arrivals and new management requests at the macro 

level, to machine breakdowns and process completions at the micro level. 
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