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Abstract: Industry analysts are predicting that the next decade of innovation, productivity and growth in manufacturing will be driven by 

the demand for mass customization and the convergence of technologies that will enable a new generation manufacturing IT platform for 

“smart manufacturing” which includes advances in connected factory automation, robotics, additive manufacturing, mobile, cloud, social, 

and digital 3D product definition. The new generation of smart machines for manufacturing will have on board computers that will directly 

support internet protocols and direct communication with enterprise applications. Cloud computing is one of the technology stacks of Smart 

manufacturing and a service delivery model that is opening new opportunities for manufacturers. This paper describes what is “Smart 

manufacturing” that goes beyond smart machines, Industrial Internet of Things (IIoT) and Industry 4.0 and explores how cloud computing 

can help achieve Smart Manufacturing goals to optimize processes inside the factory. 
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1. Foreword 

Emerging capabilities in additive manufacturing, advanced 

robotics, sensor-enabled equipment and other new approaches to 

fabrication, open new process improvement opportunities both in 

the plant and across the supply chain. Sophisticated computer 

modeling and simulation tools are evolving to give engineers far 

greater scope in designing a manufacturing process before building 

the production lines. These new technologies and capabilities are 

dramatically changing the management of manufacturing 

operations.  

The next-generation Smart Factory feeds real-time information 

to a more empowered workforce through a combination of smart 

facilities, machines and equipment with built-in sensors, self-

diagnostics and connection to other smart systems. Production 

processes in the Smart Factory can be optimized for best use of 

manpower, equipment and energy resources through simulation 

with digital representations and models. Smart Manufacturing 

encompasses and goes beyond smart machines, Industrial Internet 

of Things (IIoT) and the Smart Factory, recognizing that 

manufacturing processes in the 21st century go beyond the plant 

floor and must integrate the entire value chain that creates the final 

product. Smarter Digital Threads of product and process definitions 

and smarter connected manufacturing machines will come together 

with smarter manufacturing business processes to achieve the Smart 

Manufacturing enterprise [5] [2] [12].  

This paper describes what is “Smart manufacturing” that goes 

beyond smart machines, IIoT and Industry 4.0 and explores how 

cloud computing can help achieve Smart Manufacturing goals to 

optimize processes inside the factory. 

2. The Goals of Smart Manufacturing  

Smart Manufacturing is the endeavor to design, deploy and 

manage enterprise manufacturing operations and systems that 

enable proactive management of the manufacturing enterprise 

through informed, timely (as close to real-time as possible), in-

depth decision execution. Systems with Smart Manufacturing 

capabilities are realized through the application of advanced 

information, communication and manufacturing process 

technologies to create new and/or extend existing manufacturing 

system components that are then synergistically integrated to create 

new or extend existing manufacturing systems that possess the 

desired advanced automation, analysis and integration capabilities. 

To reach the goals of Smart Manufacturing, manufacturing 

resources (machines, equipment, people and factories) and the 

processes they carry out must be better when automated, integrated, 

monitored and continuously evaluated to enable people to work 

smarter, make timely informed decisions and run operations that are 

more efficient. 

Smart Manufacturing can be applied more broadly and less 

costly if implemented on top of enhanced manufacturing-IT 

platforms with capabilities such as the ability to receive published 

data from equipment using secure open standards, analyze and 

aggregate the data, and trigger process controls to record the history 

and implementation of workflows. 

The ultimate outcome of applying the Smart Manufacturing 

concept can be: [6]  

 Efficient distributed production systems that connect any 

number of global plants and suppliers into an integrated 

value chain for each product line. 

 Autonomous and distributed decision support at the 

device, machine and factory level. 

 New levels of efficiency to support new business models, 

including mass customization and product-as-a-service. 

 Efficient flexibility for plants that can build products in 

small batches or even build one product at a time as 

ordered and configured by each customer.  

 Design anywhere and build anywhere strategies with 

robust change management practices that guarantee 

fidelity to product design specifications. 

 Enhanced information-based decision-making and 

analytics based on large amounts of raw data gathered 

from the Smart Manufacturing equipment and processes.  

 Enhanced product genealogy traceability for critical 

materials and components into higher levels of 

components, all the way to the final product. 

3. Introduction to cloud computing and cloud 

services 

A common misconception about the cloud is that “There is no 

such thing as cloud; it is just someone else’s computer.” While there 

is some truth to this statement, it is also misleading. Thanks to 

internet connectivity, organizations can leverage many services 

provided by service providers on their cloud computing frameworks 

within their own internal IT systems architecture. The National 

Institute of Standards and Technology (NIST) offers the following 

characteristics of the cloud: [7] 

 On-demand self-service: An end user can sign up and 

receive services without the long delays that have 

characterized traditional IT; 

 Broad network access: The service is accessible via 

standard platforms (desktop, laptop, mobile, etc.); 

 Resource pooling: Resources are pooled across 

multiple user organizations; 

 Rapid elasticity: Capability can scale to cope with 

demand peaks; 

 Measured service: Billing is metered and delivered as 

a utility service. 

The cloud is much more than someone else's computer. It is a 

collection of tools and techniques to thread together internal and 

external hardware and software technologies to create an enhanced 

IT infrastructure for the organization at a reduced cost of 

ownership. 
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Many new machines come ready to integrate via APIs. New 

Industrial Internet of Things (IIoT) and edge devices are creating 

bridges to enterprise systems and cloud services for older 

equipment. These new capabilities help render the old division 

between Operational Technology (OT) and IT Enterprise Systems 

obsolete. The question is not whether a manufacturing system will 

be on the cloud, but instead how much of the manufacturing system 

will be on the cloud to maximize the benefits to each organization 

and its customers. 

Cloud computing is changing the landscape of enterprise IT 

architecture. Organizations of all sizes are adopting SaaS solutions 

to simplify their need for internal IT resources while accelerating 

the pace of enterprise systems adoption. Possible first steps to 

adopting cloud computing is to move one or more enterprise 

systems to the cloud: [8] 

 Customer relationship management (CRM): CRM is how a 

sales team manages its market and customer data, and the 

engagement of the sales process. CRM solutions promote 

the SaaS model with low risk adoption. This application 

offers easy worldwide remote access through a central 

company system via the internet. For this reason, SaaS 

solutions have become the default in this arena; 

 Product Lifecycle Management (PLM): PLM solutions 

allow manufacturers to create and manage product 

structures and product family, and successfully implement 

change control processes for their products. Because many 

manufacturers need to work closely with their supply chain 

partners in the collaborative design of products, PLM has 

become another target for movement to the cloud in order 

to provide easy access to suppliers and customers for 

collaboration in engineering processes; 

 Advanced planning systems: Advanced planning systems 

are solutions used to effectively plan and schedule parts 

and materials in the supply chain. By integrating these 

solutions into supply chain “control tower” software 

offered in the cloud, suppliers link into a demand-driven 

supply chain and distribution network; 

 Enterprise Resource Planning (ERP): ERP is the heart of 

most manufacturers’ transaction management for 

financials, order entry, purchasing, work order 

management and scheduling. Organizations have been 

slow to trust the security of their financials and contract 

details to cloud solutions, but adoption is increasing. ERP 

procurement and inventory management functions can 

benefit from easier supplier and multiple location 

connectivity via a cloud solution; 

 Manufacturing Execution Systems (MES): MES is the last 

enterprise system considered for a move to the cloud. 

Small and medium manufacturers interested in the low risk 

and quick startup proposition are adopting MES cloud 

solutions. Cloud-based MES solutions make it easier to 

rollup metrics across a network of distributed 

manufacturing plants. 

4. Impact of smart manufacturing to the IT 

architecture under the fourth industrial revolution 

The era of “one-size-fits-all” mass production is behind us. We 

are looking ahead at a new era of manufacturing that supports mass 

customization and products sold as a service. Industry analysts and 

visionaries have identified this era as a next Industrial Revolution. 

Here is historical context for the Fourth Industrial Revolution [11]. 

The Fourth Industrial Revolution, dubbed the Digital or Cyber-

physical Revolution, is starting now in the 21st century. In 2015, the 

expected investment is an estimated $120 billion to connect 

operations, building systems, mobile equipment in the field and 

more to the IoT, up 18 percent from 2014, according to IDC, a 

technology market consultancy. In 2014, 278 million factory 

machines, construction vehicles and other pieces of industrial 

equipment connected to the IoT, 10.2 percent more than in 2013, 

according to technology research consultant Gartner Inc. By 2020, 

Gartner [3] expects 526 million pieces of equipment to be 

connected. According to McKinsey [12], the IoT will unleash $6.2 

trillion in new global economic value annually by 2025, with $2.3 

trillion coming from the global manufacturing industry alone. To 

put this into perspective, the total global gross domestic product for 

2013 was approximately $75 trillion. Companies that quickly 

leverage the full opportunity presented by the IoT will seize the 

greatest value, and assume market-leader status in the next decade. 

It is difficult to manage the Manufacturing Operations 

department as an island, isolated from other enterprise departments 

like Engineering, Supplier Management, Quality Management, 

Human Resources, Facilities Management and Financial 

Management. Effective ways are needed to create information 

threads for business processes across departments that do not 

depend on manual translation of information. Currently, many 

interdepartmental business processes operate via email and with 

frequent manual interpretations and translations of data inputs to 

outputs along the way. These manual interdepartmental business 

processes are prone to error and cannot scale to handle a higher 

volume of transactions. [9] 

An ideal Smart Manufacturing system platform would facilitate 

(a) a Smart Factory where there is integration throughout different 

data and functional layers, providing insights to improve safety, 

quality, cost and schedule, (b) Digital Thread where engineering 

design follows the entire product lifecycle, (c) Value Chain 

Management where a fully connected supply chain and customer 

management combine seamlessly. 

Part of Smart Manufacturing is the IIoT (Industrial Internet of 

Things). IIoT leads to the proliferation of connected smart 

machines, devices and sensors that result in an explosion of data. 

The Internet of Things (IoT) is a term coined in 1999 by Kevin 

Ashton [1] to refer to networks of physical objects, or “things,” 

embedded with electronics, software, sensors and connectivity to 

exchange data in support of business processes. All IIoT- and Smart 

Manufacturing-related efforts have a similar vision: to improve 

manufacturing operations and collaboration between partners in the 

manufacturing value chain. In order to achieve this, manufacturers 

want to see industrial automation use standards and mechanisms 

similar to home and office equipment integration. Manufacturers 

would like to see applications (aka apps) on their phones giving 

them the ability to view, interact and control the shop like the apps 

they have today to control their home or car.  

For existing manufacturing environments, especially in highly-

automated, process-intensive industries (e.g. chemicals, food 

processing), much of the data one would consider “IoT” data is 

already being captured today by existing SCADA (Supervisory 

Control and Data Acquisition) and DCS (distributed control system) 

software, so sensor integration is a smaller challenge in those types 

of environments. A bigger challenge is switching those integration 

methods to open industry standards, and modeling those industrial 

“things” as cyber physical systems that knit together the 

information about existing assets with service layers and analytics 

engines that really bring the “smart” into Smart Manufacturing. 

However, Smart Manufacturing is more than optimizing 

specific machine processes or each manufacturing plant in the 

enterprise. That might be a good start, but to realize the vision 

means a need to connect and optimize the processes across the 

entire value. There is a need to look at plant systems in each node of 

the multi-tier value chain to understand how they connect and 

interact across the entire value chain with systems, including 

customer and supply chain management across different companies 

to deliver the final products and services to the end-user customer. 

A 2017 Gartner survey [4] discovered that 70 percent of 

manufacturers are working Smart Manufacturing efforts in parallel 

and not integrated with their digital supply chain endeavors. This 

needs to change to achieve the revolutionary productivity gains 

required for a fourth industrial revolution. 
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Fig. 1 Smart Manufacturing systems connect multiple clouds and cloud services to realize the connected value chain [10]   

Figure 1 illustrates how internal and external systems in the 

cloud help connect the multi-tier network of multiple plants, 

suppliers and customers in the new Smart Manufacturing 

ecosystem. Connecting these new ecosystems is how to realize the 

most value from cloud computing to Smart Manufacturing 

endeavors. 

Conclusion 

Change is a constant in life and manufacturing is no exception. 

The manufacturing industry is at an inflection point with major 

advances in enabling innovations and a proliferation of smarter end 

points that are both valuable and vulnerable. Smart Manufacturing 

includes the Internet of Things (IoT), cyber security, network 

convergence, cloud computing, data and analytics, virtualization 

and mobility.  

It is clear that manufacturing will serve as a key driver of 

research, innovation, productivity, job creation and export growth. 

The Smart Manufacturing future ties inextricably to the rise of 

Internet Protocol (IP) technology. 

Smart Manufacturing will address some of the challenges facing 

the world today such as resource and energy efficiency, urban 

production and demographic change. Smart Manufacturing delivers 

continuous resource productivity and efficiency gains across the 

entire value network. It organizes work in a way that takes 

demographic change and social responsibility into account. 

Both Smart Manufacturing and cloud computing are here to 

stay. Cloud computing is opening new infrastructure, systems and 

connectivity opportunities for manufacturers to help realize a Smart 

Manufacturing vision. This is especially important because Smart 

Manufacturing does not stop at the factory walls; it connects and 

optimizes the entire value chain. 

Each manufacturer will draw the line differently between on 

premise and on-cloud services, depending on their unique needs. 

For some organizations, the choice will be to shift IT systems 

completely to the cloud; for others, hybrid scenarios might be a 

better path forward. 

Whether the organization is contemplating a complete rip and 

replace of systems or simply wants to strategically leverage cloud 

services in some specific areas, it is clear the organization should 

consider cloud computing as it puts together the roadmap for 

evolving IT infrastructure and achieving the goals established for its 

Smart Manufacturing vision. 
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