
SMART 
MANUFACTURING

BY RAVI RAMAKRISHNAN, LOVELEEN GAUR

FREE CHAPTER

FROM THE BOOK: 

Internet of Things: 
Approach and  

Applicability in 
Manufacturing

https://www.crcpress.com/Internet-of-Things-Approach-and-Applicability-in-Manufacturing/Ramakrishnan-Gaur/p/book/9781138598157


77

5
Smart Manufacturing

5.1 Introduction

Industrial automation uses control systems to handle industrial processes and 
machinery. Smart manufacturing has been defined in multiple ways by agencies 
such as the Department of Energy and NIST. One of the better definitions 
(Riddick, 2013) is: “Smart Manufacturing is a data intensive application of 
information technology at the shop floor level and above to enable intelligent, 
efficient, and responsive operations.” In Germany (Kagermann et al., 2013), 
the Smart Manufacturing initiative has been referred to as Industry 4.0 or 
I4.0, while Japan (Nishioka, 2015), USA (SMLC, 2011), India, and Korea (Park, 
2015) have their own national programs. Smart manufacturing involves use 
of a myriad of technologies like big data, predictive analytics, and virtualized 
process modeling and simulation to create value from data by streamlining 
data and factory operations (Ransome, 2016). Physical simulation for design 
and testing may take a lot of time if done in the traditional way using test or 
pilot plants and going for batch runs (Zhang et al., 2015). However, with digital 
simulation and modeling, multiple combinations of designs based on material 
available can be worked out and selected before actually investing in the actual 
production process. These digital models are used in aerospace research by 
companies like Boeing and Airbus. Factories stand to benefit with the IoT 
from operations optimization, predictive monitoring, inventory optimization, 
and health benefits. With the IoT, many car manufacturers like BMW and 
Toyota are integrating the full supply chain to identify all supplier parts, going 
inside the assembly of a car and, thereby, reducing defects and recalls. The 
IoT can be used to a get a single 360° view of what components are getting 
deployed where at every point of production. Smart manufacturing can power 
strategic growth through sustainable means using renewable forms of energy 
and recycling using a converged approach involving humans, machines, data, 
products, and digitization. It can help micro monitor to an extent such as in a 
manufacturing setup like Raytheon, it can be ascertained how many times a 
screw has been turned, or check and improve quality such as in Merck where 
vaccine storage conditions are monitored continuously. The IoT can play a 
major role in safety monitoring by having the IoT-enabled cameras to detect 
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movement of people and machines, or using beacons to track movements and 
stop or alert people from approaching hazardous locations. Manufacturing 
products such as white goods—vacuum cleaners, water purifiers, or air 
conditioners are turning smart, that is, in addition to their physical attribute 
they are imbibing a digital attribute such as sensors, microprocessors, data 
storage, and operating systems, which can help with wireless transmission 
of data including usage and operating parameters. These can be used 
for further improvement of products such as ABB robotics, and industrial 
machines can be remotely monitored and adjusted. Further capacities can 
be controlled remotely on the basis of software only such as Tesla, where 
everyone has access to the same capacity engine and provisioning of power 
is done on the basis of the selected model. Smart manufacturing systems 
will succeed only if we can easily reconfigure factory production and supply 
networks using systems that can learn from past experience using concepts 
of artificial intelligence. Also, the entire ecosystem of partners and vendors 
need to be integrated comprising of all sizes of manufacturers. In existing 
manufacturing, decisions and diagnostics at a higher level or macrolevel is 
taken based on undocumented features, while the low-level diagnostics are 
data based on automated collection and generation. The equipment needed 
for implementing smart manufacturing systems such as robotic arms or 
dynamic schedulable machines are complex and require multiple interfaces in 
a networked environment. Also, integration of a heterogeneous environment, 
which are proprietary and not open source, presents security risks as multiple 
protocols are integrated.

5.2 Manufacturing Concerns

The major areas of concern in today’s manufacturing organization can be 
summarized below.

5.2.1 Compliances

With more and more focus on environment, safety, and health it has become 
necessary to ensure through a system of continuous monitoring, compliances 
to local regulations. Manufacturers often struggle to provide auditable data 
points and hence face risk of heavy penalties. Product disposals and checking 
for alternative input materials require complete visualization of global supply 
chains since the risk of ensuring suppliers are also compliant falls on the 
manufacturer. Highly regulated industries like medical devices or chemical 
plants face regulations such as Universal Device identification and REACH 
(Registration, evaluation, authorization, and restriction of chemicals). 
Similarly, food grade materials are subject to various international norms.
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5.2.2 Right Product Mix

Manufacturers have to constantly innovate based on customer feedback 
for their products and services or to bridge the gap created by technology 
obsolescence. There is also a tradeoff between being systematic and quality 
on one hand and being the first to market on the other. It is important that 
each and every product is conforming to specifications and also that their 
usage patterns are analyzed to bring in improvements, hence companies 
have to be more systematic about innovation management, and implementing 
changes on an ongoing basis are necessary for manufacturers.

5.2.3 Skill Gap

Skill alignment to the jobs is a key concern in manufacturing as training 
shortages and behavioral issues can create bottlenecks, hence more and more 
automation is being done. However, automation also has challenges of getting 
more skilled workers for supporting operations.

5.2.4 Shop Floor Productivity

The shop floor has a lot of operations from goods movement, to machine 
loading, to replacement of parts and logistics shipping. Many unproductive 
hours can be saved by proper optimization using technology enablers to help 
with inventory tracking, management and control, preventing idle hours 
lost due to wrong procedures, and upskilling manpower and upgrading 
machines at the shop floor.

5.2.5 Energy Monitoring

Energy is a major component of any manufacturing activity in terms of both 
cost and criticality. There is now a growing emphasis on both conservation 
and use of sustainable energy for operations. Loss of energy can be a result 
of carelessness (keep equipment running when not in use), lack of awareness 
(operating at the right speed and conditions), inefficiency (using machines 
with duplicate spares or having low energy efficiency machines), or due to 
other reasons. With a control on energy costs, apart from environmental 
contribution, companies also benefit economically.

5.2.6 Operational Efficiency of Machines

Keeping machines operational without unproductive breakdowns are 
essential for the smooth functioning of any plant. Manufacturers often shy 
away from regular preventive maintenance like replacing cables or go for 
lower cost products, which can be unsafe and counterproductive in extremely 
difficult operating conditions. Hence, scheduled plans for upkeep and proper 
spare parts needs to be in place to ensure machines are operational and there 
are no revenue losses as a result of unplanned downtime.
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5.3 Industry 4.0 and Related Models

The concept of Industry 4.0, which implies automation and data exchange 
using IT systems and originated from Germany (and has developed 
similar models across the world with different nomenclature), focuses on 
the research actions in eight areas, namely standardization and reference 
architecture aimed at collaboration of partners in a value-driven partnership-
focused ecosystem, management of systems with high level of complexity, 
fast and reliable network infrastructure with broadband connectivity, safety 
issues in human machine interfaces, autonomous responsibility delegation 
to employees along with automation, training for the worker so as to handle 
requirements of the smart factory, regulatory and compliance framework for 
establishing governance and liabilities for privacy, and resource efficiency 
in terms of consumption of raw materials and energy. Industry 4.0 also 
emphasizes on the development of new business strategies based on new 
business models that are derived as a result of the digital initiatives and may 
be divergent from the physical product-based selling models.

5.4 Smart Manufacturing

Smart manufacturing incorporates many advanced digital technologies such 
as robotic arms, automated conveyor belts, contactless transmission and 
receiving using RFID, Bluetooth, or related technologies, connected supply 
chain networks with end-to-end visibility of the supply chain from initial 
raw material provider to the end consumer, and the focus on human-machine 
collaborative coexistence. The aim is to achieve plant optimization and 
efficiency and sustainability in the production process and supply chains, 
which are dynamic and reactive (Chand & Davis, 2010). Smart manufacturing 
is often used interchangeably with intelligent manufacturing, but researchers 
have segregated the two in terms of the latter being more technology oriented 
while the former incorporates nontechnology issues such as business models 
and human behavior and is more encompassing. The concept of smart 
manufacturing will interweave the following concepts.

5.4.1 Smart Design

Any manufacturing process will require a recipe or formulation in case 
of process manufacturing and an assembly design in case of discrete 
manufacturing as the starting point. Recipes will have ingredient in a fixed 
proportion, based on defined formulas. A variation in the inputs or recipes 
has the potential to create new product mixes with different physical and 
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internal properties. The traditional system of creating new product mixes is 
more by trial and error than data driven or simulation oriented. Similarly, in 
the case of discrete manufacturing, substituting materials in the standard 
bill or material in case of nonavailability of spares is usually decided at the 
spur of the moment without too much simulation and without supporting 
data of performance. This can lead to higher failure rates or costly future 
recall of manufactured items. The IoT can help aid this by capturing data 
at the component level and transmitting information so that behavioral 
of individual components in a complex real-time working environment 
can be captured and used for further analysis. Similarly, the IoT-enabled 
components can be used to simulate the environment, which cannot be 
physically monitored like the internals of a combustion engine, and then 
models can be created with substitutes without actual physical changes, 
reducing the cost of testing out changes in a virtual environment rather than 
traditional test beds. With technologies like augmented reality and virtual 
reality, the traditional designing process gets digitized with smart digital 
prototypes replicating actual physical attributes exactly, leading to run-time 
modifications to engineering changes and physical realizations.

5.4.2 Smart Machines

Smart machines using intelligence built on data and machine-to-machine 
communication, such as autonomous cars, self-healing satellites, intelligent 
robots, etc., are able to solve problems without manual intervention not on the 
basis of defined rules to work on specific scenarios but dynamically based on 
training datasets that are evolving as they become subject to more datasets 
during the course of practical usage. Smart machines such as intelligent 
personal assistants include Amazon Echo integrated with other IoT-enabled 
and digitally connected devices to provide machine-controlled environments 
and experiences (Zhong, 2013). Smart machines should have four capabilities: 
autonomous operations, secure access storage and transmission of data, 
digitally connected, and be self-learning with data. CPS-enabled data can 
transfer collected data to the cloud to synchronize products and services 
of a machine to an extent that any changes to the physical product can be 
implemented and then new adapting services provisioned remotely. CPS-
based smart machine tools can be used to produce physical products since 
they integrate smart machines, warehouses, and production facilities end-
to-end digitally.

5.4.3 Monitoring

Monitoring of operations and designing the controls and ensuring scheduling 
operations and maintenance activities through the use of embedded sensors 
is a significant advantage of using the IoT (Janak & Hadas, 2015). Inventory 
control using Bluetooth Low Energy (BLE) beacons by enforcing real-time 
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and continuous tracking is an important use case as explained in the case of a 
packaging industry where roll movements are tracked at real time using beacons 
that transmit not only real-time location information but also give out contextual 
information (Ramakrishnan & Gaur, 2016a). Smart inventory monitoring and 
management can help in customer service and cost optimization.

5.4.4 Control

Smart controls help in establishing high resolution production controls over 
cyber physical systems, and have to be extended to the cloud to ensure they 
can be exercised remotely from anywhere, thereby enabling viewing and 
control from any location and by any concerned stakeholder in the value 
chain, bringing in collaborative controls. These work with robotic assembly 
lines and smart machines (Stich, 2015).

5.4.5 Dynamic and On-Demand Scheduling

Using data captured from the IoT sensors and machines, it would be possible 
to use extrapolation and algorithms for advanced-level decision-making. 
Real-time scheduling can be useful in a virtual factories model (Sanjay, 
2001), which is an integrated simulation model with advanced decision-
support capabilities where real-time order fulfillment and execution is of 
prime importance with the use of distributed models (Marzband et al., 2016). 
Data inputs can be used for interparty resolutions involved using different 
methods for group decision-making (Güleryüz, 2016).

5.4.6 Collaboration

The IoT and smart manufacturing extends traditional systems and information 
transparently across different participants in the value chain as competitive 
advantage is derived more from plant capacities and marketing channel 
strength to data, value addition, and shared facilities and services. As virtual 
facilities become more readily available and new innovation and new product 
development is driving business growth, collaboration is becoming the new 
norm as compared to the traditional practice of keeping operational data in strict 
secrecy. Collaboration helps each participant get a full view across the value 
chain, for example a leading automobile company with sensors implemented in 
wheels not only gets data on the utilization of the wheels and its effect on engines 
for its self-consumption, but also shares this data with its tire manufacturers 
and wheel rim manufacturers to get a synergistic improvement focused on 
all concerned, through a convergence of the IoT and unified communication 
systems. This has also helped combine things that are nature wise connected 
such as cars to things which are disparate and not connected such as wheels. 
Also, the assessment can be done in real time since data is continuously 
transmitted and also a fast response time will be needed for this volume of 
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data. This helps one of the biggest challenges of process manufacturers, which 
is to bring process flexibility and adapt to changes in demands.

5.4.7 Digitized Products

Products traditionally had a physical attribute only and hence operated 
independently. The downside was that information on consumption, usage, 
or performance was not available to the manufacturer and these products 
had to be serviced or analyzed by an onsite visit by the technician, which 
was a costly affair. Also, limited data was stored locally since the digital 
aspect was negligent. While earlier barcoded products and then RFID stickers 
introduced some kind of passive communication, current digitization helps 
remotely control and reconfigure products to provide better services or 
introduce new innovations that can transform manufacturing (Rockstorm, 
2018). The IoT-enabled products bring in new business models (Paul, 2015).

5.4.8 The IoT-Driven Process

Future internet will see humans being replaced by objects as their primary 
users in terms of volume of data being transferred and the time spent in 
transmitting data. Traditional digital systems such as ERP can benefit from 
nonhuman actors such as machines, objects, and robots taking over the role 
of process resources and interacting with the physical environment in ways 
identical to what humans are doing today for individual tasks. These can also 
lead to modification of existing business process and it is necessary that the 
IoT devices get identified as a process resource in a traditional digital such as 
ERP and new business process life cycle models (Scheer, 1992).

5.4.9 The IoT and People

People safety and security is one of the biggest concern areas in 
manufacturing, especially in conditions of high temperature (boilers and 
furnace), radioactivity and magnetic rays (centrifuge and power generation), 
high pressure (compressors), fast moving assembly lines (chains and shafts), 
or high decibel sounds (vibrators and motors) that are highly accident prone. 
The IoT-enabled machines and sensors can help detect human proximity to 
such areas, CCTV with infrared detection and motion detection and warning 
alarms can also warn about the presence of humans in time. Office buildings 
can become more people friendly and environmentally friendly by detection 
and adjusting to preferences of people through prestored memories. Right 
from facial detection to voice synthesis, personal assistants can be of immense 
help in business leading to security systems in business environments. A 
demo project conducted by IBM in Munich helped factory workers to become 
location aware and also transmit their location information. This was helpful 
when machines needed repairing by using an alarm to alert workers before 
there was overheating and hot metal spill.
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5.4.10 Scalable IT Systems

The IoT enablement in manufacturing enterprises requires substantial IT 
infrastructure for integrating Operational Technology (OT) with Digital 
Technology (IT). Substantial compute power, memory, storage for data, 
cloud computing, and next-generation computer networks are needed for 
any manufacturing organization to implement the IoT. A major challenge is in 
integrating OT, which may not be compatible with TCP/IP protocols and may 
be proprietary to connect to TCP networks. Manufacturing enterprise systems 
have numerous design and operational requirements, and numerous design 
variables, hence IT systems for data capturing has to scale else performance 
of MES systems will become very slow. MES requires decision-making inputs 
from IT systems and similarly data from machines flows through MES to IT 
systems for analytics while maintaining data quality. Manufacturing systems 
have evolved over time from craft systems, British systems to American 
systems. Post that, new concepts of lean production, FMS, and sustainable 
development has taken over and at each stage the number of variables have 
increased multifold (Bi et al., 2011). There have been literatures on conceptual 
model and enterprise models (Franke et al., 2013); however, most of them are 
static and cannot be changed to adopt to new requirements such as holonic 
manufacturing or agent-based manufacturing. Agile systems were developed 
with an objective of integrating with enterprise IT systems, to increase system 
adaption. Any IT system to integrate with manufacturing systems need 
to be able to address the complexity, dynamics, and uncertainties and be 
able to integrate virtual environments. Merging IT systems with MES also 
faces challenges on account of ubiquitous compute requirements, vertical 
integration between all departments right from design to production to sales 
and logistics, horizontal integration between suppliers, manufacturers, and 
customers, and the need to work with multiple sources of proprietary data 
(Bi et al., 2008).

5.4.11 Financial Feasibility

The IoT applications in manufacturing can provide easy-to-recognize high-
RoI applications like preventive maintenance or emission controls and energy 
conservation that can be measured under key indicators such as reduce costly 
downtimes, improve productivity and reduce unit cost of production, help 
simulate newer business models, improve and convert marketing opportunity, 
regulatory compliances, and improve operating margins. Also, the cost of 
solution investment in terms of the capital expenditure and payback period 
is necessary; however, with lower cost OPEX models using cloud-based 
infrastructure, such as software as a service (SaaS) models, which are use 
and pay, it becomes easy to get solutions implemented at low cost. Also, post 
sales service costs can be reduced with location-based services and new 
product developments catering to the actual needs assessed objectively by 
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data captured using IoT systems. Financial evaluation is compounded by 
the number of peculiarities in the IoT such as the number of systems and 
end points affected and part of the solution, multiple vendors, and entities 
including network providers, solutions providers, hardware providers, 
financial drivers for adoption, and hence various measures such as project 
profitability, cost benefits, return on investment and payback period apart 
from intangibles like user adoption rate, technology competitiveness, product 
digitization, and its benefits.

5.4.12 Autonomous Functioning Driven by Machine Data

Machine data can help power artificial intelligence in manufacturing 
systems that can self-heal, self-repair, and self-program for more productivity 
and efficiency as the objectives. Robotics can learn from data and hence 
traditional semantics of if-else-then logics are no longer needed as systems 
learn from data getting captured, which are used as training datasets. These 
get evolved with time as more and more data get captured during the course 
of normal operations. One case is the iRobot vacuum cleaners that can help 
map home layouts and clean the room with efficient movement pattern or 
even dock autonomously when it gets discharged. Deep learning takes this 
to a next level with complex structures and multiple processing layers to 
model abstractions from data. Most of the IoT devices have built-in ambient 
intelligence, which refers to electronic movements as a response to people’s 
presence. Machine data can help with establishing management controls such 
as when inventory is to be replenished, what is the minimum stock order, 
how many hours machines can work before a specific part gets a breakdown, 
what is the optimum speed at which machines can be operated, what is the 
pressure a motor can be subject to, and similar measurements.

5.5 Smart Manufacturing: Indian Case Study

This section highlights how an Indian company with diversified business 
interests in chemicals, packaging, engineering, and other divisions globally 
adopted the IoT across various stages of its business and is involved in both 
process and discrete manufacturing operations. In the process operations, 
raw material silos dispense the exact quality of raw materials in solid form 
in weight while the liquid raw materials are controlled by the IoT-enabled 
flow meters in volume depending on the density. The process is initiated 
by marketing teams that traditionally used to feed data using connected 
mobile phones but now follow a collaborative ecosystem where the orders 
are automatically picked up from warehouses that sense data in customer 
premises using the IoT-enabled racks and bins. Once the data comes to the 
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digital enterprise resource planning system and is confirmed by a human 
interface, the ERP communicates with the manufacturing execution system 
(MES), which in turn communicates to the PLC of the machine (jumbo 
machine) for initiating a batch based on the flow meters. The silos are then 
activated to release the required quantity of raw material for the batch 
(Ramakrishnan & Gaur, 2016b). The IoT sensors through an integrated 
SCADA controller in the jumbo machine not only transmit data about the 
quantity of output being generated but also check the quality using laser 
lights where the attributes like opacity, thickness, and coating levels are 
measured. The output data serves as input data for the secondary batch 
that consists of small line slitters, which are, again, equipped with the IoT 
sensors to further capture output parameters. The identification between the 
machines is done using BLE stickers attached to the products right from the 
time of creation and at every stage of creation, which is the unique identity. 
These stickers are scanned and detected from a controllable distance of as less 
as 2 feet to as much as 100 meters. So, the near proximity readers attached to 
secondary slitters detect the material only at a distance of a maximum of 2 
feet, which is when the items have been loaded mechanically into the slitting 
machine’s arms. However using the distance mode, inventory lying on the 
shop floor or warehouse or works area can be detected anytime by remote 
monitoring Bluetooth-enabled scanning devices or handheld devices leading 
to easy detection and instant cycle counting (Ramakrishnan & Gaur, 2016a). 
Finally, the IoT-integrated robotic arm gets instructions on the weight of the 
items to be packed along with the sizes measured by a digital ruler equipped 
with a laser. The robotic arm picks up the items and places them on either of 
the conveyor belts based on whether it is meant to be dispatched to the end 
customer for final shipping “make to order” or if it has to be kept as “make 
to stock,” which has to be sent to the warehouse. Finally, handheld scanners 
are used to load the items to freight truck carriers and final dispatch happens 
from the factory premises. Before digitization, the operations were carried 
out manually right from order booking to feeding data into the SCADA for 
plant operation to slitting and final dispatch. The system was prone to errors 
by human interfaces and time taken to complete operations was high, leading 
to slower customer service and costly recalls.

In yet another scenario, one of the divisions is in the process of manufacturing 
engineered machines. The machines are not only assembled and sold but 
also serviced on an annual contract basis. Many of the customers can afford 
just one machine and their entire production chain depends on the smooth 
functioning of the machines. Many of the failures depends on one of the crucial 
mechanical components from over 1,000 items that are assembled to create a 
machine. Before digitization of the assets, internal operations were ineffective 
on two terms: one, to identify and assemble materials or their substitutes, 
and second, to ensure that parts that had different replacement guarantees 
could be uniquely identified against each order. With the introduction of the 
IoT, the machine and its components could support proactive identification 
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of breakdowns by transmitting data using Wi-Fi or other connectivity when 
values used to cross certain thresholds. Comprehensive logging and remote 
monitoring of material enabled by digital channels also helped repair with 
shorter and more planned down times and helped identify common failure 
points. This, along with usage data, helped the manufacturer get insights 
for new product development. The notable benefits being a reduction on 
down time leading to better customer service, better inventory control of 
the numerous discrete components, new product innovation driven by data, 
and lower cost of operations due to optimization. The IoT-enabled products 
can also be provisioned or deprovisioned on demand and can help introduce 
new business models totally different from the earlier physical product sales, 
thereby introducing diversification and competitive advantage based on 
digital models (Figure 5.1).

The IoT devices in all of these scenarios exhibited some key traits such as 
integrated networks with wireless sensor networks, thereby allowing seamless 
communication with enterprise systems allowing for storing and analyzing 
captured data, dynamic and scalable architecture built on an integration 
bridge, which could be reconfigured as machines get reprogrammed or 
updated, support cloud-based architectures, and also work in collaboration 
with the human elements.

The company has worked on a conceptual collaborative creation model for 
new product development where end customers are themselves contributing 
to the development of new products by providing usage inputs and preference 
inputs. This can be explained in four layers: (1) physical product, which in this 

FIGURE 5.1
New product development conceptual model—the IoT.
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case is the engineered machine, (2) digital product, which includes the IoT 
sensor responsible for measurements including actuators and motors with 
digital capabilities, (3) analytics, which is on the cloud, and (4) new product 
design, which is based on virtual simulation models and then translating 
them to physical models using additive manufacturing.

Additive manufacturing helps translate designs to physical models using 
multiple-layer additive printing using different types of substrates. It is 
possible to design a specific gear or level using additive manufacturing and 
substitute it in physical models before mass production to see whether it has 
any substantial impact on machine efficiency and also the cost of machine 
assembly. Additive manufacturing is useful in rapid prototyping using either 
plastic, metals, or composites and is now being increasingly used in serial 
production. It helps organizations create distinctive profiles, keeping in mind 
new customer benefits, costs, and sustainability objectives.

5.6 Conclusion

Traditionally, machines are designed only keeping the unit production 
efficiency, and planned production logics objective. These are not tailor-
made for digitization, presenting working challenges in the adoption of smart 
manufacturing enabled by the IoT sensors at the shop floor. Data capture 
becomes a by-product as people are more concerned about actual production, 
thereby data is lost and, with it, information that can be used for product 
performance monitoring or machine performance control also gets lost. With 
smart manufacturing and automation, data gets continuously captured, 
retrieved, and transmitted giving insights to gauge performance or predict 
failures. Smart sensors can capture physical attributes like temperature, 
vibrations, humidity, environmental conditions, gas and corrosive elements, 
speed, and impact, which can capture information at end points and help 
create virtual models. Manufacturing companies have a challenge of 
visualizing new services or innovating new product or recipe mixes or 
testing a new bill of materials with substitutes, without incurring charges on 
account of failed trials and investing in pilot plants. Smart manufacturing 
using the digital IoT can help model and simulate in a virtual environment 
a myriad of product combinations and also test out new services, while 
allowing these changes in design and structure to easily propagate to the 
end users by remote configuration and provisioning. Decision-making will 
become much easier due to multiple data points being captured and analytics 
supporting and mined from these data points. Future research should be 
based on two areas that are currently not adequately supported by literature: 
firstly, augmented-reality-enabled real-time visibility in manufacturing 
machines by using simulation so that machines working can be visualized 
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in different environments, and secondly, cyber-virtualization modeling in a 
cloud environment leading to provisioning of intelligently created services 
that can be used in a collaborative manufacturing ecosystem consisting of 
all players from manufacturers to aggregators. Smart manufacturing can 
bring in customizability to create lot sizes of one, increased productivity, 
data-driven analytics, reduce lead time to market, and better compliance, 
worker, and environmental safety. This chapter provides insights using a 
case study where the IoT is used right from design to post sales servicing and 
also suggests a conceptual framework for smart manufacturing while also 
presenting challenges and limitations in the current approach and future 
research directions.
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