
HOW THE INTERNET OF THINGS IS 
ENABLING EVERYTHING FROM DIGITAL 
MANUFACTURING TO ENTIRE CITIES • 8

EYE ON INNOVATION • 3

Take a stand at work, fold 
your bike helmet, and disrupt 

distracted driving

CUSTOMER SPOTLIGHT • 6

Helping Lockheed Martin’s 
portable drone take flight

MANUFACTURING TRENDS • 16 

Bureau or broker? Production 
supplier or in-house shop? How to 
choose a manufacturing source

JO
U

RN
AL

JO
U

RN
AL

2017 OUR 40TH JOURNAL!

SMART 
FACTORIES, 
SMART 
PRODUCTS, 
SMART 
WORLD



8

THE GROWING 
IMPACT OF IOT
THE GROWING 
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How the Internet of Things is Automating the World

The internet of things (IoT) is playing a prime role in the next 
Industrial Revolution—Industry 4.0. IoT promises widespread 
automation and data exchange, which will change the way we 
work and live.

In the Industrial Revolutions of the 18th and 19th centuries, new 
technology such as steam-powered transportation and machines 
transformed the economy and the structure of society. IoT’s 
reach includes transportation and machines as well—but it is 
advancing this equipment with new technology in the form  
of extremely small sensors that collect and relay data.

The internet of things is a vast network of hardware, software, 
and applications that interact with one another. In addition to 
technology like sensors and environmental meters, the “things” 
can include everyday objects like coffee pots and cars. These 
objects are equipped with sensors to gather data and internet 
capability to share the information. It is this ability that makes 
devices “smart.”

Within a matter of years, industry sources predict that 40  
percent of all data produced will come from smart devices’ 
sensors. According to studies, there are already hundreds of 
millions of networked sensors across transportation, utilities,  
and the industrial and retail sectors. These sensors might not  
be noticeable, but they are revolutionizing the world.

Analysis of the information collected by smart devices solves 
problems large and small—from environmental challenges to 
everyday inconveniences. IoT technology helped save the Iberian 
lynx species from extinction via geolocation trackers and remote 
monitoring with drones. On a smaller scale, little tracker devices 
can be attached to ordinary objects, like keys or smartphones, 
to avoid misplacing them. Across the world, across disciplines, 
across species, connected technology is improving lives.

A VAST MARKET FOR SMART PRODUCTS
Gartner predicts that by 2020 there will be 20.8 billion smart 
devices, and McKinsey estimates the total internet of things 
market size will grow to $3.7 trillion within that same time 
frame. With so much data being recorded, there is strong 
demand for platforms that serve as the bridge between sensors 
and the web of data; some companies are tapping into this 
major source of potential revenue by operating as IoT service 
providers. This market is highly consolidated, with the top 20 IoT 
service providers accounting for about 80 percent of the market, 
according to some industry estimates.

Major organizations as well as startups are developing 
technology, from platforms to devices, to capitalize on IoT’s 
potential. In 2014, Google acquired Nest Labs, maker of the 
popular smart thermostat Nest, for $4 billion. In 2015, Apple 
launched its first smartwatch to much fanfare. Likewise, 
countless startups have leveraged smart technology, in  
sectors such as consumer goods, software, and health care.

Despite the mixed success of some ventures, investment 
continues to grow as companies anticipate interest in IoT 
products will strengthen. General Electric, for example, invests  
in startups, earning it recognition as a top digital health investor. 
GE also develops its own IoT technology; it partnered with Cisco 
to provide a software suite for manufacturers that aims to 
optimize machine performance.

Regardless of company size or resources, the internet of things 
has become a priority for many, and its expansion will engender 
still more organizations focused on smart products.

SMART CITIES TAKE SHAPE
City governments have recognized the potential benefits  
of smart technology and some have started integrating it  
into existing infrastructure. One leading smart city, Barcelona,  
has been working with Cisco since 2012 to implement IoT  
across its municipality.

News outlets have reported that Barcelona used its already-
extensive network of fiber optic cable to install nearly 20,000 
environmental meters that monitor energy consumption across 
the city. Barcelona’s lampposts help reduce energy consumption 
through LED lights and sensors that adjust brightness when 
pedestrians are nearby, but the streetlights also provide other 
functions. They measure traffic, air quality, noise, and crowds,  
and even offer free internet access through connection to the 
city’s Wi-Fi network. Updating the lampposts alone generated 
energy savings of 30 percent across Barcelona’s lighting system.

IoT technology also transformed transportation in Barcelona; 
sensors embedded in parking spots allow drivers to easily find 
open spaces and pay for parking online, while digital bus stops 
offer free Wi-Fi, USB charging, and bus updates.

These improvements represent just a fraction of Barcelona’s 
investment in smart technology—the city has also implemented 
sensors that optimize park irrigation, smart trash bins that 
monitor waste levels, and more. By 2014, the network of IoT 
technology had saved Barcelona $95 million, created 47,000  
new jobs, and increased parking revenues by $50 million per year.

Residents and visitors of smart cities experience enhanced quality 
of life. Seeing real-life benefits of smart technology, an increasing 
number of metropolitan areas have invested in their own IoT 
networks. This investment is expected to continue to grow rapidly.

YOUR FUTURE HOME
Although the top users of smart technology are businesses and 
governments, consumers still play a large role. The IoT devices 
that arguably get the most media attention are consumer-
focused products—specifically, wearables, autonomous cars, and 
smart homes. 

Smart homes feature a network of devices that automatically 
follow preset rules and can be remotely accessed (typically 
through a mobile device app). Many smart-home products are 
already on the market, progressing toward the futuristic houses 
envisioned in past sci-fi movies. There are smart lights that learn 
your schedule and turn on and off accordingly, refrigerators that 
take inventory and add items to your shopping list, and coffee 
pots that automatically start brewing when you wake up.

In the near future, homes will get even smarter and more 
connected—a wearable that tracks the pattern of your heartbeat 
will sync with your house to recognize you and adjust to your 
preferences, from lighting to temperature to music.

Although the smart-home concept has been slow to gain traction 
among consumers, about 26 percent of U.S. internet users now 
own a smart-home device. There is definite consumer interest in 
connected-home products; Notion, a sensor that allows you to 
monitor your home remotely, ranked as one of Kickstarter’s top 
campaigns by generating over $280,000 in revenue in just 30 days.

The main purchase barriers for smart-home products are price 
and data security. Many consumers understand the benefits these 
products offer, but cannot justify the cost. As prices decrease, 
smart devices will be more widely adopted.

Security is another major concern for consumers. Reports of 
hackers controlling automated cars and intercepting data from 
connected devices cause potential customers to hesitate.  
Nearly half of Americans said they were “very concerned”  
about the possibility of hackers stealing private information  
from smart homes.

IoT security is critical in every industry. Organizations are taking 
measures to protect sensitive data through security platforms 
and encryption. At the rate the volume of digital data is growing, 
securing it will become ever more important.

Since the internet of things is still in the development stage, 
there is exciting progress but also uncertainties. IoT will help 
solve problems and improve the quality of life for those who 
adopt it, but developers and engineers must continue to push the 
technology to ensure its stability and the security of its users.

Sources: Britannica, Visual Capitalist, Zinov, University of Indiana, Gartner, McKinsey & 
Company, Wall Street Journal, Tech Radar, Fortune, General Electric, Harvard University, 
Business Insider, Wired, Economist, Notion, PwC, Yahoo! Finance
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ACCESSING THE FACTORY OF THE FUTURE
Traditional manufacturing has been characterized by limited 
information exchange between machines and processes 
throughout the product development life cycle making it slow  
and inefficient. Smart manufacturing technology has automated 
many of the design and production processes for today’s 
designers and engineers, forming a “digital thread” that  
connects all aspects of manufacturing.

Proto Labs has digitized the production process beginning with 
the use of front-end manufacturing software. Product designers 
and engineers have access to its custom-built quoting platform, 
ProtoQuote, a consultative tool that helps customers without 
taking up human resources. ProtoQuote provides automated 
design analysis on every 3D CAD model that is uploaded. The 
recommended modifications allow engineers to ensure the 
manufacturability of their designs while reducing production costs.

Once the customer is ready to order parts, an in-house team  
of design analysts at Proto Labs furthers the digital thread  
with mold design, build preparation, and part orientation.  
Once complete, toolpathing is initiated. The smart factory’s 
network enables software to talk to hardware, relaying the  
digital instructions to the specified machine to begin production—
with limited human interaction. The sophistication of this 
machine-to-machine communication framework means  
loading material into the machine is essentially the first time  
an employee needs to be involved in the production process.

All of the 3D printers, CNC machines, and injection molding 
presses at Proto Labs are connected to the network, which uses 
information collected by sensors to track the progress of orders 
and optimize scheduling. Monitors display real-time updates 
to those on the production floor to reinforce the priority of 
manufacturing orders.

After a part exits the machine, its functionality and aesthetics 
can be enhanced with secondary operations, which comprise 
both automated and traditional post-production applications. 
Depending on the manufacturing method, secondary operations 
can include part assembly, pad printing, anodizing, painting, and 
more. Once again, order progress is tracked and data gathered  
as the digital thread moves throughout the production floor to  
the metrology lab, where quality metrics are measured.

Inside its state-of-the-art metrology lab, Proto Labs has 
360-degree, three-dimensional scanners to create enhanced  
color maps for direct CAD-to-scan comparisons, which quickly 
identify dimensional variances on parts. Designers and engineers 
can embed Product Manufacturing Information (PMI) data into 
their CAD models to accelerate the inspection process further. 
Once inspection is complete, the parts move to shipping and are 
sent out shortly thereafter.

CONTINUOUS IMPROVEMENT
The addition of smart technology accelerates the entire 
manufacturing process; networked machine-to-machine 
communications improve both productivity and part quality.  
And as technology advances, digital manufacturers improve  
their processes. For instance, factory networks used to take  
15 minutes to transfer a single file to a machine—now, with 
network upgrades, it takes seconds.

Proto Labs’ continuous improvement model focuses on 
maximizing efficiency as well as responding to customer needs. 
The continuous improvement team studies data on machine 
downtime and the time taken to load machines to decide which 
technology to upgrade. Proto Labs also maintains a large team 
of software developers, which allows it to efficiently write and 
modify its proprietary codebase.

With digital manufacturing, companies can quickly identify and 
calculate adjustments to production and distribution, allowing 
for supply chain agility and accelerated time to market. The 
efficiencies created by the industrial internet of things benefit 
everyone from manufacturers to engineers to consumers, and 
Proto Labs and other digital manufacturers will continue investing 
in technology to make the factory of the future even smarter.

Sources: McKinsey & Company, Gartner, Forbes, i-SCOOP, Business Insider, Barcoding 
Incorporated, CIMdata

POWERING INNOVATIVE SOLUTIONS
Digital manufacturing enables the high-speed development 
conducive to invention. With the help of technology-integrated rapid 
manufacturing, multitudes of smart products have been created 
and have benefited people across the globe. Proto Labs encourages 
innovation with its Cool Idea! Award program, which offers grants  
of manufacturing resources to product developers.

Last year’s winners included two IoT-enabled products: a low-power, 
smart security device and a remote water-management system. 
With the Cool Idea! Award, the winners used digital manufacturing 
to speed up product development, helping them bring their devices 
to market faster.

Beyond the Cool Idea! Award, other stories of innovative solutions 
abound at Proto Labs. For example, Lockheed Martin’s Indago 
Quadcopter drone (see page 6) is a smart device made with  
prototyping and low-volume production help from Proto Labs.  
Engineers used the auto-quoting software to determine 
manufacturability within a day and quickly receive parts.

SMART 
MANUFACTURING
SMART 
MANUFACTURING
How the Industrial Internet of Things is Enabling 
Factories of the Future
From smartphones to wearable devices to automated 
machines, internet of things (IoT) technology offers individuals 
and organizations the ability to collect, monitor, and respond 
to data in real time—creating personalized and optimized 
experiences. This movement toward automation software, 
connected hardware, and data analysis is being mirrored within 
manufacturing companies looking to streamline their factory 
floors with the latest technological advancements.

THE DIGITALIZATION OF MANUFACTURING
The internet of things offers vast opportunities for forward-
looking companies to enable an era of smart manufacturing. 
IoT devices, from small sensors to robot-controlled factory 
automation, are helping to make factories more intelligent. 
Advanced digital manufacturing offers industrial designers and 
engineers the ability to rapidly develop and manufacture new 
devices that will power our future economy.

The industrial internet of things (IIoT) represents the 
application of digitally connected technology across sectors 
like manufacturing, energy, transportation, and mining. More 
specifically, IIoT involves using connected devices and data 
analytics to optimize industrial and manufacturing operations.

A prime, tangible example of this concept is GE’s Brilliant 
Factory, which combines advanced manufacturing with advanced 
software sensors and connectivity to enhance productivity.

Digitalization has already benefited business models and 
processes, yet the internet of things continues to offer massive 
untapped potential for the industry. According to a recent 
McKinsey Global Institute report, IoT has a prospective economic 
impact of $11.1 trillion per year by 2025, which would be 
equivalent to about 11 percent of the world economy.

Today, McKinsey estimates business-to-business smart 
technology applications make up nearly 70 percent of the entire 
network of IoT devices. These applications create value through 

forecasting and optimization, and are being implemented 
by many leading organizations—in particular, within the 
manufacturing sector.

Across all industries, sources report the manufacturing sector has 
been most likely to consider IoT critical to its business and invests 
the most in IoT software, hardware, connectivity, and services. 
Manufacturing’s digital evolution impacts a variety of business 
functions, from the supply chain to the value chain. IoT solutions 
for asset tracking and predictive maintenance have already 
improved operations by expediting and optimizing the production 
process. Traceability allows a material or component to be tracked 
all the way from origin to delivery, ensuring transparency and 
quality while minimizing recalls. Smart devices and data analytics 
markedly improve manufacturers’ operational efficiency.

The growing prominence of IIoT has also reshaped the 
manufacturing job market. Demand has shifted from production-
floor workers to tech-focused positions (such as engineers and 
software developers) as manufacturers work toward more 
efficient, more sustainable, safer, and smarter operations  
driven by technology.

Digital manufacturers not only give organizations the ability  
to quickly develop commercially viable products, but also use 
IoT to improve their own production processes. With its massive 
compute cluster powering a network of smart technology,  
Proto Labs paired automation software with manufacturing 
equipment to create a truly interconnected system that 
exemplifies the industrial internet of things.

Digital manufacturing improves time-to-market by 30 percent, 
reduces planning and equipment costs by 40 percent, and 
increases overall production throughput by 15 percent, according 
to consulting firm CIMdata. Some estimates indicate that 3D 
printing, for example, can save up to 90 percent of raw material 
costs. Engineers use digital manufacturing to accelerate product 
development with prototypes, but also as an on-demand source 
for production parts at any phase of a product’s life.
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02. MACHINE-TO-MACHINE 
COMMUNICATIONS AND 
STANDARDIZATION
All machines are connected via the 
factory network, allowing real-time 
production monitoring. Data is shared 
between software and hardware 
within the factory, which improves 
overall e�ciency and reduces 
production variability with standardized 
equipment across all three services.

01. DESIGN ANALYSIS
The manufacturing process begins 
when customers remotely upload 
their digital part designs. Automation 
software acts as a consultative tool 
by assessing the manufacturability 
of the CAD model and recommending 
modifications to the design. Once the 
design is approved, mold and build 
preparation and toolpathing are 
completed by a design and engineering 
team before the digital thread moves 
to the production floor, where parts 
and molds are queued up 
for manufacturing.

03. SECONDARY 
OPERATIONS
Secondary operations, which 
combine both automated and manual 
processes, are applied to parts to 
improve functionality and appearance. 
Post-production applications dier 
by manufacturing method but include 
operations like part assembly, pad 
printing, anodizing, mold texturing, 
painting, and many other options 
to enhance parts.

05. NETWORK OF SENSORS 
& SERVERS
Sensors within the factory track 
equipment and operations to quickly 
identify potential problems and optimize 
processes. Project scheduling is 
determined based on real-time production 
data, while predictive maintenance 
monitors the condition of machines to 
ensure maximum productivity. A network 
of servers processes the flow of all data 
from software to hardware.

The digital thread runs throughout the entire manufacturing process, automating and connecting every facet 
of the factory—from front-end part analysis to back-end production. Each machine and press is equipped 
with a computer, and all computers are connected within a network powered by a massive cluster of servers. 
This allows the digital thread to flow from 3D CAD model to part production to shipping within hours creating 
full traceability. Meanwhile, aggregated data helps inform future manufacturing decisions.

METROLOGY
LAB

SECONDARY
OPERATIONS

THE DIGITAL THREAD

04. METROLOGY LAB
One way quality is monitored and 
controlled is within a metrology lab. 
Digital inspections involve a 
360-degree 3D scan of parts for 
quality feedback within minutes. 
Conventional inspections o�er 
product designers and engineers 
an unlimited number of part 
measurements and accommodate 
most geometric dimensioning and 
tolerancing types.
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