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Abstract: Developing optimal production plans for smart manufacturing systems is challenging because shop floor events 
change dynamically. A virtual factory incorporating engineering tools, simulation, and optimization generates and 
communicates performance data to guide wise decision making for different control levels. This paper describes such a 
platform specifically for production planning. We also discuss verification and validation of the constituent models. A case 
study of a machine shop is used to demonstrate data generation for production planning in a virtual factory.  
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1. Introduction 
 
Conventional simulation tools are generally limited in their ability to capture and analyze multiple decision levels 

and system configurations (Bal et al., 2009). A virtual factory, on the other hand, creates an integrated model that reproduces 
scenarios of information flow and capable of generating multi-level metrics to guide users in decision- making. These 
decisions can among others increase agility and productivity by reducing product realization time (Colledani et al., 2013). 
Virtual factories have been constructed to aid manufacturing system design, implementation, and modification (Yang, et al., 
2015).   

Besides designing production systems and products, Choi et al. (2015) sees the potential of a virtual factory to 
predict, solve, and manage problems during production. It is our view that the virtual factory’s ability to integrate engineering 
tools and models such as simulations, design data, and optimizations could improve production planning activities. As such, 
this paper focuses on operations and performance monitoring, particularly production planning.  

The rest of the paper is organized as follows. Section 2 reviews literature on technology, application of virtual 
factories, and verification and validation (V&V) concepts for the virtual factory. Section 3 describes the roles of a virtual 
factory for production planning as per control levels defined in the ISA-95 standard. Section 4 presents a demonstration case 
of a virtual factory. Section 5 presents final discussion and conclusion.  

 
 

2. Related Work and Virtual Factory Validation 
 

A virtual factory is composed of multi-level, multi-resolution models that are typically developed by different tools. 
This section overviews technologies employed for developing a virtual factory, various applications, and verification and 
validation issues.   
 
2.1 Technology Requirements for a Virtual Factory 

 
Virtual data management, automatic model generation, static and dynamic simulation, and integration and 

communication are paramount to realizing a virtual factory (Choi et al., 2015; Wenbin et al., 2002). Most software tools are, 
in general, not supplied with these capabilities making developing a virtual factory challenging. The situation has, however, 
been recently improving with emergence of modeling, computation, communication, and integration technologies and 
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