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Foreword 
This book was first published in Japan with the title ñStrategy to 

Utilize 3D Technology in the Manufacturing Industry.ò The 

original focus was how Japanese manufacturers could use 

lightweight 3D technology ï specifically XVL ï to optimize their 

production processes and better compete in the global marketplace. 

 

However, the benefits of lightweight 3D are not limited to Japan.  

Countries around the world are developing their manufacturing 

bases.  The US is a good example of this, where there is a renewed 

push for domestic production.  Faced with relatively high labor 

costs, US manufacturers must find ways to maximize productivity 

to compete in the global marketplace.  One way to do that is to 

leverage the value of their 3D design assets. 

 

Global manufacturers are using 3D CAD and developing huge 

troves of 3D CAD data.  Lightweight 3D technology such as XVL 

enables them to utilize those assets to drive efficiencies not just in 

design and production, but throughout the organization to lower 

costs, improve quality, and enhance customer satisfaction. 

 

I hope that you enjoy this book and that you find its examples 

useful as you consider how to unlock the potential of your 3D 

design assets. 

 

Marc Jablonski 

San Francisco, California 
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Introduction 
The global manufacturing sector is evolving rapidly. Recently the 

U.S. government has made efforts to strengthen the manufacturing 

industry and promote ñreshoringò of domestic manufacturing 

operations that had moved overseas.  

 

At the same time, US companies are striving to increase 

productivity by making manufacturing smarter.  They are applying 

IT in the form of the Internet of Things (IoT), which enables 

devices to communicate with each other to optimize production.  

This ñIndustrial Internetò concept was championed by GE and is 

now being spearheaded by the Industrial Internet Consortium, 

which was founded by GE and other US manufacturers. 

 

Following these efforts, Germany launched a government-led high-

tech Industrie 4.0 strategy, the ñfourth industrial revolution.ò Then 

modelled on this scheme, China unveiled its ñMade in China 

2025ò initiative, a 10-year plan aiming to become a 

ñmanufacturing and production world power.ò Japan has followed 

suit with its ñIndustrial Value Chain Initiativeò in 2015.  In this 

way, a ñmajor industrial revolutionò is currently taking place in 

industrial powers around the world led by joint efforts in the public 

and private sectors. 

 

The globalization of manufacturing has accelerated collaboration 

between countries and regions with different languages and 

cultures. This often results in language or cultural barriers. 3D 

models can help overcome these barriers. Using 3D models to 

communicate ideas reduces the need for text translations and 

fosters understanding across languages and cultures.  Such 

communication goes both ways ï 3D models give remote 

production teams the ability to provide clear feedback to the design 

departments, enabling manufacturers to enhance quality in 

upstream processes.  This means that IT can accelerate global 

optimizations. 
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Now letôs consider another benefit of IT: ñvirtual vs. reality.ò The 

progress of IT technologies has enabled the verification of 3D 

engineering data without the need for engineers to see or touch the 

actual production machines.  In the future, IT devices such as 

sensors and networks will report the status of the manufacturing 

plant in real time and combine this information with virtual models 

of the plant to verify the data.  This book aims to introduce state-

of-the-art technologies for data verification methods using virtual 

models, along with some case studies of these methods, and their 

prospects. 

 

So, amidst the current manufacturing revolution, what must a 

global manufacturer do to win in the competition with its rivals 

around the world?  One answer is to leverage 3D design data to 

optimize the global production process, from design and 

development to production, sales, and service. 

 

However, there is a problem ï the large size of 3D CAD data has 

made it very difficult to use outside the design environment.  For 

instance, even today is it is difficult to display the full 3D model of 

a single vehicle on a PC.  Moreover, it is almost impossible to send 

3D data to places with poor network connectivity. 

 

The result is that even though the design departments of global 

manufacturers have largely adopted 3D CAD, the 3D models that 

they produce are not being used adequately. The full application of 

design assets such as CAD data throughout the company is 

extremely important for global collaboration. It is essential to 

change such design assets to the asset of the ñwhole company.ò 

 

The solution to this problem is ñXVL,ò a unique 3D application 

infrastructure technology developed by Lattice Technology, a 

company that I founded in 1997.  This book will introduce XVL 

and show how leading manufacturers such as Toyota, Casio, 

Brother, and Hitachi Construction Machinery are using it to 

revolutionize their design and production processes. 
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For a manufacturer to succeed in the global marketplace, it needs 

to use IT innovations such as XVL to develop optimized processes 

and implement these processes as standards throughout the 

organization. 

 

I hope that this book will serve as an opportunity for as many 

companies as possible to use 3D data ï their design asset ï to 

succeed in the global marketplace. 

 

In writing this book, I had valuable discussions with the top 

management of manufacturing companies and managers promoting 

the use of IT at these companies. I would especially like to express 

my heartfelt appreciation to Toyotaôs Eiji Hikosaka, Brotherôs 

Shinji Suzumura, Tsuneishi Shipbuildingôs Takuma Ashida, 

Hitachi Construction Machineryôs Kiyohiko Otani, Casioôs Hideo 

Kashiwakuma, Niigata Power Systemôs Kazuhiko Fukuoka, 

Mitsubishi Mandraôs Masashi Kawamoto, Tsubamexôs Yoshiyuki 

Arai, TSKôs Hideki Takeda and Kazuo Sakada. Finally, I would 

like to thank all the staff at Lattice Technology such as Akemi 

Fukuhara and Riko Ito for their support, as well as everyone at 

Gentosha. 

 

Hiroshi Toriya 

Tokyo, Japan 
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Chapter 1: Global Manufacturing Renaissance 
 

The World is Undergoing a Manufacturing Renaissance. 
Major changes are taking place worldwide in how companies 

produce manufactured goods. Leading manufacturers need to 

take these changes into account to remain competitive in the 

global environment.  

 

Not long ago, the 21st century was anticipated to usher in a 

ñfinancial ageò in which the financial industry would eclipse 

manufacturing as the key industry. However, the financial 

crisis of 2008 changed the economic trend lines. Now, led by 

the U.S. and Germany, movements to revive manufacturing 

have gained strength across the globe. 

 

Since 2008, the U.S. government has been proactively 

implementing policies to revive the manufacturing industry. 

Also, there are robust private sector efforts led by companies 

such as GE to evolve manufacturing technologies using IT. 

At the same time, Germany has launched ñIndustrie 4.0ò 

aiming to strengthen their domestic manufacturing industry.  

 

What challenges and opportunities to these trends present to 

global manufacturers? Before getting into that, letôs look at 

the current situation of the competition for dominance in 

manufacturing between the U.S. and Germany.  
 

¦Φ{Φ DƻǾŜǊƴƳŜƴǘ 9ŦŦƻǊǘǎ ƛƴ !ƳŜǊƛŎŀΩǎ aŀƴǳŦŀŎǘǳǊƛƴƎ 
Renaissance 
Over the past few years, the U.S. government has made 

strong efforts to support the manufacturing industry. In his 

State of the Union Address in 2012, President Obama said 
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that ñthis is a great opportunity to revive manufacturing in the 

U.S.ò. In another State of the Union Address in 2013, he said 

that the ñmiddle class is the true driving force of economic 

growth in the U.S., and rebuilding this class will help revive 

the prosperity of the U.S.ò and pointed to efforts to increase 

employment in the manufacturing industry to support and 

rebuild the middle class.  

 

To rebuild the manufacturing sector, the U.S. government has 

particularly focused on ñreshoringò ð returning 

manufacturing jobs to America. To bring back companies 

which have moved manufacturing overseas seeking 

inexpensive labor, the U.S. government has adopted various 

policies that provide benefits and support for domestic 

production. For instance, in 2014, the government launched a 

policy to promote innovation in the technological 

development of new materials, advanced sensor technologies, 

and digital manufacturing, foster manufacturing talent to 

apply these technologies effectively, and support the use of 

new technologies by small and medium sized companies. 

 

Helped by other favorable trends such low crude oil prices 

due to the shale gas revolution and soaring labor costs in 

emerging nations, these efforts are presently bearing fruit. In 

the two years between January 2013 and December 2014, the 

number of employees in the manufacturing industry increased 

by 34,000 people, with the unemployment rate dropping to 

5.4% at the end of 2014 and recovering to the same level as 

before the financial crisis. Exports by American companies 

have also been increasing continuously for four years since 

2010, reaching a record high of 2.3 trillion dollars in 2013. 
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Manufacturing Innovation in America Led by Private 
Sector  
In addition to the public sector, private sector efforts are 

driving U.S. manufacturing innovation U.S. manufacturers 

are enthusiastically adopting cutting edge technologies such 

as 3D printers, big data, and IoT. 

 

The Internet of Things, or IoT, is the concept of a network of 

connected devices other than PCs and servers. For instance, 

by wearing a body mounted electronic device, even people 

can be connected to networks. Objects can be connected to 

the network by equipping them with sensors and 

communication functions. Since the data can be imported 

directly from the sensors, objects in remote areas can also be 

controlled.  

 

Some companies are already using IoT effectively. For 

instance, copy machine manufacturers are remotely 

monitoring and detecting errors in their machines, and 

proactively dispatching service providers to visit the customer 
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and make the necessary repairs. In addition to remote 

monitoring, they are coming up other novel ways of applying 

IoT such as providing individualized instructions and 

warnings during regular inspections, recommending the best 

combinations of toners and paper per the state of the copy 

machine, and even automatically determining when to replace 

the machines.  By providing remote access to an objectôs 

state, IoT is treasure box of information for developing new 

business models and manufacturing service processes. 
 

 
 

GE Promoting the Industrial Internet 
Manufacturing giant GE is promoting IoT as the ñIndustrial 

Internet.ò Previously GE had been focusing on long-term 

financial business as the central pillar of its business, but in 

recent years, the company is aggressively moving away from 
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finance and returning to manufacturing. In April 2015, they 

announced plans to sell their real estate business and related 

financial assets worth about US$26.5 billion and downsized 

their financial business to under 10% by 2018. 

 

As part of their ñreturnò to the manufacturing industry, the 

company is focusing tremendous efforts on IoT. The 

company is combining IoT with big data to create exciting 

new development processes and business models. 

Specifically, they are already collecting operational data from 

various products equipped with sensors and using this data for 

analyzing product maintenance and operations, and for the 

development of new products and services.  

 

For instance, at GE turbine test facilities for power 

generation, 5,000 sensors are attached to a turbine to obtain 

information on temperature, air pressure, vibration, etc. The 

information is then analyzed by specialists to improve 

combustion efficiency. IoT has enabled the company to 

obtain massive amounts of data in a very short period of time, 

allowing them to gain insights quickly and sharply reduce 

development time and costs. 

 

GE calls this business strategy the ñIndustrial Internetò and 

explains its significance as follows. 
 

ñThe real opportunity for change...surpassing the 

magnitude of the consumer internet...is the Industrial 

Internet, an open, global network that connects people, 

data, and machines.ò 

-- Jeff Immelt, GE Chairman & CEO  
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Industrial Internet Consortium 
In 2014, five leading American companies including GE, 

Intel, and IBM came together to found the ñIndustrial Internet 

Consortiumò to standardize best practices and accelerate the 

growth of the Industrial Internet. In this way, in the U.S., IoT 

defaults are being established and standardization being 

initiated, led by the private sector. 
 

Germany Launches Industrie 4.0 
At the same time, Germany launched its government-led 

strategy to promote the computerization of the manufacturing 

industry ñIndustrie 4.0.ò, meaning the ñfourth industrial 

revolution.ò The concept was first introduced in the 2011 

Hannover Messe (an annual international trade show held in 

Hannover). 

 

Industrie 4.0 references the latest industrial revolution 

following the past three: 
 

1) Mechanization of production using water and steam power 

2) Mass production using power 

3) Automation of production processes using electronics and 

IT 

 

Industrie 4.0ôs purpose is to merge cyber space and the actual 

world with computers to create new values, development and 

manufacturing processes, and business models with the aim to 

achieve further advancement of manufacturing. 
 

Smart Factories and Mass Customization 
Industrie 4.0 aims to apply cutting edge technologies such as 

IoT to promote smart factories and mass customization. 
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Smart factories are intelligent factories that can ñthink.ò 

Production facility information and sensor data are collected 

and analyzed in the cloud and used to implement optimum 

production management and quality control. In theory, all 

production machines could operate autonomously and 

produce an optimal production process. Taking this to the 

next level, it should be possible to connect individual smart 

factories so that an entire region can function as a massive 

smart factory.  

 

Mass customization is producing individually-specified 

products at the same costs as mass-produced products. For 

instance, providing cars in unique colors and designs at prices 

near those of standard cars. By linking information on market 

needs to smart factories, the Industrie 4.0 strategy is pursuing 

the ultimate mass customization. 
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LƴŘǳǎǘǊƛŜ пΦл 9ŎƘƻŜǎ ¢ƻȅƻǘŀΩǎ tǊƻŘǳŎǘƛƻƴ {ȅǎǘŜƳ 
It can be said that Industrie 4.0 aims to standardize Toyotaôs 

famous Kanban system, the just-in-time inventory 

management approach that manufactures "only what is 

needed when it is needed, and in the amount needed." With 

this method, information such as the number of parts required 

to manufacture the products are written on signs put up at the 

manufacturing plant and the manufacturing staff will go to the 

pre-process to obtain the required parts when manufacturing 

the products. Industrie 4.0 is attempting to digitize these steps 

and implement the process by exchanging information over 

the Internet, which has the potential to extend the system 

beyond the factory walls to include suppliers and customers. 

 

Toyotaôs Kanban system also focuses on ñautonomationò 
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whereby a machine will stop when a defect occurs. 

ñAutonomationò is an example of automating the supervisory 

functions, not just the production functions. The result is that 

the factory staff does not have to monitor the machines, 

greatly reducing costs. The use of IoT will enable smart 

ñautonomationò through automatic detection of failures 

throughout the entire manufacturing process. In short, 

Industrie 4.0 can be seen as an attempt to leverage IoT to 

eliminate human factors and optimize control of the 

manufacturing process. 
 

Platform Industrie 4.0 
In April 2013, a group of German governmental, academic 

and industrial organizations founded a strategy planning 

committee called Platform Industrie 4.0. The committee has 

specified the following priority development areas. 
 

1) Standardization and structuring of information network 

2) Construction of foundation of structural system 

3) Establishment of broadband infrastructure 

4) Development of standard network security technology 

5) Development of labor skills and work style in the digital 

industry age 

6) Specialized education and sharing of success experiences 

7) Creation of legal frameworks for data protection. 

8) Enhancement of efficiency such as energy consumption. 

 

Three main strategies can be seen here: establishing 

infrastructures led by the government, deciding social rules, 

and educating workers so that they can adapt to the new 

environment.  

 

Industrie 4.0 aims to realize the goals by 2025.  
 



14 | P a g e  

 

Platform Industrie 4.0 vs. Industrial Internet Consortium 
While initially seen as competitive, in 2016 the Industrial 

Internet Consortium and Platform Industrie 4.0 announced an 

agreement to cooperate to ensure compatibility between their 

efforts going forward. This is expected to reduce potential 

barriers and speed the standardization and adoption of IoT 

technology. 
 

Made in China 2025 
Inspired in part by Germanyôs Industrie 4.0, China has 

launched the ñMade in China 2025ò (MiC2025) initiative - a 

10-year plan aiming to become a ñmanufacturing and 

production world powerò by 2025.  The goal is to upgrade 

China's manufacturing industry, with an emphasis on the 

following sectors: 
 

1) New advanced information technology 

2) Automated machine tools & robotics 

3) Aerospace and aeronautical equipment 

4) Maritime equipment and high-tech shipping 

5) Modern rail transport equipment 

6) New-energy vehicles and equipment 

7) Power equipment 

8) Agricultural equipment 

9) New materials 

10) Biopharma and advanced medical products. 

 

Like Industrie 4.0, MiC2025 attempts to apply advanced 

technologies like IoT, big data and cloud computing to 

manufacturing. With MiC2025 China aims to move up the 

manufacturing value chain and compete at a higher level with 

other top manufacturing powers such as the U.S., Germany, 

and Japan by 2025. Chinaôs goal is to become the undisputed 

top manufacturing country in the world in 2049, the year 
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marking its 100th anniversary of the founding of modern 

China. 
 

Germany and China 
German manufacturers see Industrie 4.0 as more than a 

roadmap for technology innovation. One Siemenôs executive 

called Industrie 4.0 an international strategy for 

manufacturing. Illustrating this point is the fact that Germany 

and China have agreed to collaborate and to promote 

Industrie 4.0. 

 

In 2015 at CeBIT ï Europeôs largest IT tradeshow ï in 

Hannover Germany, German Chancellor Merkel said: 

ñcollaboration between Germany and China will promote the 

Internet of Things of the manufacturing industry.ò In 

response, Chinese Premier Li Keqiang promised cooperation 

in a video speech saying ñChina also wants to spread 

Industrie 4.0ò. 

 

Also, SAP of Germany and Foxconn ï Chinaôs largest 

exporter -- announced plans to strengthen technological 

development ties, indicating deepening private sector 

alliances between Germany and China.  
 

Adapting to Global Trends 
With increasing global alliances and industrial 

standardization, manufacturing competition is becoming even 

more intense. What measures will ensure success in such an 

environment? Eventually, standards will develop, and 

manufacturers need to be prepared to comply. The most 

crucial thing now for manufacturers to do is to construct 

reliable development and production processes capable of 

supporting next generation manufacturing tools and business 
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models. 
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Chapter 2: Winning in the Global Market 
 

Challenges of Global Production 
In todayôs global production environment, the question of 

where to locate manufacturing functions such as design and 

production facilities is crucial.  In the past, manufacturers 

generally located their flagship plants, which showcase their 

production technologies, in their home countries, and from 

there expanded their technologies to overseas plants. 

 

However, this led to key personnel and technologies 

gradually moving abroad so that facilities at overseas plants 

became more sophisticated than those at home. For this 

reason, many manufacturers found that their domestic plants 

were no longer the main plants.  Rebuilding or upgrading the 

domestic plants is an opportunity to improve manufacturing 

efficiency by ñbringing homeò the lessons learned abroad. 

 

Nowhere has this issue been more apparent than Japan. In 

2015 the magazine Nikkei Monozukuri surveyed 

manufacturers about this issue, and the results are interesting. 

According to the survey, 86.8% of manufacturers replied that 

ñinnovative plantsò are crucial for improving competitive 

strength. The top three reasons for this were ñto meet 

customer needs, to beat rival manufacturers in emerging 

nations, and to manufacture innovative products.ò In this 

case, ñinnovative plantò refers to totally new plants; not 

upgrades or extensions of conventional plants regarding 

production technologies, processing technologies, facilities, 

and production lines. 
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Furthermore, when asked what they thought was the most 

needed to realize such innovative plants, the number one 

reply by far was ñoutstanding production knowhow and 

technologies.ò Manufacturers are fully aware that production 

technologies are a source of competitive strength to the 

domestic manufacturing industry, and that advancing 

domestic production and technological skills is critical to 

long-term success. 
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How IT Can Contribute to Changing the Manufacturing 
Industry 
Prof. Fujimoto of Tokyo University says that IT itself does 

not improve manufacturing performance. Instead, making 

good use of IT is far more important. In other words, 

companies can improve their performance by applying IT to 

support and enhance their manufacturing processes.  

 

One example of this is the use of 3D CAD and PLM in 

product design.  Many companies that moved to 3D CAD for 

design have improved design efficiency using interference 

checks, CAE, and other tools.  The CAD models are 

maintained in PLM systems that enable sharing of product 

models and management of the design process. 
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Overall, CAD and PLM systems make it possible to design 

and manufacture more diverse products more quickly than 

before. The design data accumulates in the PLM repositories, 

forming assets that can be used to drive even greater 

performance gains downstream from design if used 

effectively.  However, such design assets are often not used 

effectively. 

 

Why? One reason is that 3D CAD is difficult to use. It is very 

large, making it difficult to handle the data on computers 

other than the high-spec systems in product design. And 

access to it requires expensive licenses.  At the same time, 

PLM systems are expensive and difficult to use, making it 

unrealistic to give access to the whole enterprise. And finally, 

the product structures in the PLM system are often defined by 

designers and do not meet the needs of downstream users. For 

instance, plant staff usually want to know how to assemble 

the product. However, very few companies manage this 

information using PLM. Current PLM systems are often too 

expensive and slow to be able to do this. 
 

Lightweight 3D Data Can Convert Design Assets into 
Company-Wide Assets 
Even though we live in an era where information can serve as 

a global asset, design information including 3D models are 

not being fully used by the departments such as production 

engineering, prototyping, manufacturing, marketing, and 

service. It is not being used because it is locked away in 

engineering. It is locked away for the reasons mentioned 

earlier and one more ï the 3D model size. For example, the 

CAD data size of a full car model containing several thousand 

parts can exceed 10 gigabytes. We call these giga-models, 
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and they are commonly produced as companies design 

increasingly complex products. Such massive data cannot be 

handled by the standard PCs normally used for creating 

documents and sending emails in the downstream 

departments. 

 

To be able to use 3D data downstream, it is necessary to 

reduce its size. Reducing the size of the CAD model enables 

the 3D data to be used by anyone for their specific needs, 

making the 3D model data a company-wide asset.  For 

instance, the 3D model data can also be used to create parts 

catalogs, making it a service asset.  In this way, lightening the 

3D design data turns it from a product development asset into 

an asset for the whole company. 
 

Creating and Using 3D Data of Actual Manufacturing Sites 
and Products 
Hereôs another example of the benefits of lightweight 3D 

data.  Many manufacturing plants use old facilities and 

buildings. In many cases, there are no paper drawings of these 

facilities and buildings. Even if there are drawings, they 

usually differ from the real thing, because such facilities are 

often upgraded without updating the paper drawings.  

 

Now laser scanners can scan such sites to produce accurate 

3D models of current conditions.  The scanners produce point 

cloud data, which consists of thousands of 3D points, often 

with color information.  The size of the point cloud data can 

range from tens to hundreds of gigabytes.  

 

Given the availability of this data, it is possible to visualize 

and analyze the current environment along with 3D CAD 

models -- for example to check whether a new piece of 
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equipment will fit in an existing facility. Again, it is almost 

impossible to handle such data on standard PCs. What is 

needed is a system that can integrate and smoothly display 3D 

models and point cloud data. 

 

So what can lightweight 3D data do? Letôs look at the three 

applications:  
1) Support global production. 

2) ñCAD+1ò for resolving problems which cannot be resolved 

with just CAD. 

3) Enabling concurrent facility design. 

 

Lightweight 3D for Global Production 
In todayôs global production environment, many languages 

are spoken on the shop floor. Also, many new workers lack 

manufacturing experience.  It is difficult or impossible to 

teach assembly procedure to such new workers using just 

words.  

 

One solution is to produce 3D animated assembly 

instructions.  The goal is to overcome the barriers between 

cultures and languages using 3D data, providing a clear 

understanding of the optimal procedure. Such 3D animated 

instructions can be automatically created by combining 

lightweight 3D data with manufacturing assembly procedures. 
 

Enhancing Production and Technological Skills with 
ά/!5Ҍмέ 
Now, letôs look at production technologies. Shortening 

production time is key to remaining competitive. One way to 

shorten production time it to use concurrent engineering, a 

development method which aims to perform all processes 

from design to manufacturing in parallel using 3D CAD.  
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This leads to the concept of ñCAD+1ò, which aims to add 

more information to mechanical CAD data.  Such addition 

information might include electronics, mechanics or point 

cloud information corresponding to actual manufacturing 

sites or products. For instance, if there is electronics 

information, then the system can automatically analyze the 

product for short-circuits, etc. This will enable defects to be 

discovered and fixed in the design stage that would 

previously only be discovered after making the actual product 

and conducting experiments. 

 

Another example is when planning installation of new 

equipment at a plant.  Scanning the plant produces a digital 

model (point cloud) of the current conditions.  Combining 
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this data with the lightweight 3D model of the new equipment 

enables the planner to check for clearances, review 

installation procedures, etc. ñCAD+1ò thus allows the digital 

review of new equipment together with existing facilities 

even before the new equipment is completed.  
 

Enabling Concurrent Facility Design 
Finally, letôs look at the facility design process. Some 

manufacturers design production facilities domestically and 

install the facilities at their overseas manufacturing plants. 

Not only does this approach keep production knowledge 

local, but it also speeds the launch of successive overseas 

facilities.  

 

However, unlike product design, the development of facilities 

for mass production is often carried out using conventional 

methods. Engineers often spend considerable time on the 

digital design review of mass produced products using PLM, 

because products are very important to the company. On the 

other hand, they often spend very little time on reviewing the 

digital data of the manufacturing facilities that are used to 

make the products.  There are a couple of reasons for this.  

One is that the number of facilities is limited.  Another is that 

the facilities are internal to the company vs. the products 

which go to customers. Thus, with less review facility 

engineers risk making endless adjustments at the 

manufacturing site.  

 

The control software development department are usually the 

ones who suffer most from this. The operations of plant 

facilities are usually performed by control software because 

the debugging work is carried out after the actual facilities 

have been installed. If simple and easy to use 3D models are 
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available, this work can be done before the actual facilities 

are installed, enabling concurrent facility design. 
 

3D CAD Assets Provides Massive Value to Manufacturing 
Industry  
If a company has massive design assets, effective use of the 

assets is of great value to the company. The information 

locked up in the design department has tremendous potential 

value, but only if it can be used throughout the enterprise. Not 

using it due to the lack of IT infrastructure is an enormous 

opportunity loss to the company. 

 

Companies that can provide the design information to all the 

departments in the company in the form they require can 

maximize the value of the design assets.  Manufacturing can 

implement concurrent engineering, where issues are found 

and resolved early, reducing costs, increasing quality and 

shortening time to market.  Other departments can use to 

lightweight 3D data to optimize their individual processes, 

leading to company-wide efficiency gains. 

 

This vision -- sharing on a global scale, enabling different 

departments to optimize their functions -- is a model for how 

IT can be a source of competitive strength for companies in 

the IoT age. 
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Chapter 3: XVL, A Fundamental Technology for 
Maximizing the Value of Design Assets 
 

Why is the Use of 3D Design Spreading? 
3D CAD serves as the fundamental tool for design. Used by 

most manufacturing companies, 3D CAD is contributing to 

the design and manufacturing of diverse products. So, what 

are the factors that have driven the popularity of 3D CAD?  

 

Improves design quality 

With 2D drawings, it is possible to design realistic, practical 

products. It is also possible to design something that cannot 

be made because the design is an abstraction in 2D. However, 

in the 3D world, only shapes that exist in real life can be 

designed. 

 

Prevents interference problems 

In product design, deciding the positions of the parts making 

up a product is a very important task. However, when the 

parts of a product are being designed by many different 

designers, there are inevitably interference problems. In 3D 

CAD, interferences can be checked automatically. 

 

Reduces use of prototypes  

With digital 3D models, analytical software can check 

product strength, heat dissipation, etc.   This reduces the need 

for physical prototypes. 

 

Improves understanding of the design 

3D data can clearly show curved shapes, complicated 

structures, etc. which are difficult to visualize on 2D 

drawings. This allows those who could not understand the 2D 
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drawings to participate in design reviews. 

 

Supports additive manufacturing 

3D data is required for building objects using 3D printers. 

Objects designed using 3D CAD can be prototyped using 3D 

printers, enabling them to be checked and reviewed.  This can 

contribute enormously to shorter delivery times and improved 

quality. 

 

In this way, 3D design offers significant benefits to the 

manufacturing process -- particular to design departments.  

Furthermore, lightweight 3D data can be distributed to the 

whole company, changing it from a design asset to a 

company-wide asset.  As a result, processes in different 

departments can proceed concurrently, and this efficiency 

serves as a new source of competitive strength. 

 

Maximizing the utilization of design assets enables quality 

improvements, cost reductions and shortened time to market.  

This chapter introduces XVL lightweight 3D technology for 

enabling this ñultimate concurrent engineering.ò  
 

What is Ultimate Concurrent Engineering? 
The goal of maximizing the value of PLM assets is to enable 

company-wide processes to run concurrently. The concurrent 

design process described in Chapter 2 was based on the use of 

3D CAD design data. It can be expanded company-wide 

using lightweight 3D XVL technology. 

 

XVL is software for creating lightweight 3D models from any 

3D CAD application, virtually all are supported. 3D models 

are more useful and versatile than physical prototypes. They 

can be used for tests and analyses which are not possible with 
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prototypes.  Combined with manufacturing assembly data, 

they can be used to validate assembly processes and produce 

3D animated assembly instructions.  Given a 3D scan of a 

factory floor, the models can be used to determine if a new 

production tool will fit.  By adding procurement information, 

they can be used to generate parts catalogs.  The uses of 

lightweight and accurate 3D data can reach throughout the 

enterprise to external stakeholders and even to customers. 

 

The figure below illustrates the ñultimate concurrent 

engineeringò enabled by the XVL concept. Whereas the 

current engineering concept in chapter 2 was limited to the 

design department, ultimate concurrent engineering extends 

throughout the enterprise. 

 

Recently, more and more service and marketing preparation 

departments are encouraging the concurrency of activities. 

They are performing verifications and work from an early 

stage using XVL models instead of prototypes and 

participating in global collaboration using lightweight 3D 

data. 

 

Toyota calls concurrent engineering ñsimultaneous 

engineering.ò Simultaneous, because ideally, all 

manufacturing processes should proceed simultaneously. This 

is exactly the world that XVL enables.  
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XVL Resolves the Bottlenecks Faced in the Use of CAD 
Assets.  

 
 

What is XVL Technology?  
The massive size of 3D CAD data is a bottleneck that keeps it 

from being used outside of design. XVL (eXtensible Virtual 

world description Language) is a 3D ultra-compression 

technology that was born to resolve this problem. It reduces 

the weight of the 3D data so that anyone can use the data 

easily. Thus, it offers a wide range of opportunities to 

manufacturing. With XVL, design assets which took 

enormous costs to build can be used to improve efficiency 

throughout the enterprise. 

 

Technically, data can be made lightweight in two ways: 
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1. Reduce the data size. This allows 3D information to be 

sent to regions with low bandwidth connections.  

2. Reduce the display requirements.  This enables larger 

volumes of 3D data to be displayed on standard computers. 

 

XVL uses both approaches.  It uses curved surfaces to 

reproduce the original data in a highly-compressed format 

while maintaining accuracy with the original model. 

 

The figure below shows a full-scale model of an actual car 

developed at Toyota. While the CAD model of the vehicle is 

about 20 GB, the XVL model about 250 MB, or 100 times 

lighter. 
 

 
Such a small data size allows the whole vehicle to be 

displayed and manipulated on a standard PC. Even for 

assemblies with fewer parts, designers are usually forced to 

segment the design into subassemblies. Even loading 

subassembly with a modest amount of parts might require a 



31 | P a g e  

 

coffee break for it to load.  Segmenting the ñwhole productò 

into sections of subassemblies diminishes the value that is 

possible when working with the complete product. The ability 

to display and manipulate the whole model means that tests 

and analyses can be performed immediately using the 3D 

model instead of having to build the prototype. 

 

The reduction of data size to 1/100th of the original size also 

means that the network transfer speed can be improved by 

100 times. This enables applications like interactive 3D work 

instructions.  With 3D CAD, even small assembly processes 

can use several hundred MB of data.  Using XVL reduces the 

data size by a factor of 100 and enables even complicated 3D 

animated work instructions to be shared over the network. 
 

History of XVL Technology 
XVL, the 3D compression technology developed by Lattice 

Technology, has evolved four times. This evolution of XVL 

was triggered by the advancement of information 

infrastructures and changes in user needs. The following 

drawing shows the history.  
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In the mid 90ôs the internet started to take off and grow 

rapidly.  New data types such as images, sounds, and even 

video were being added to web information.  This also 

marked the start of video streaming. People then thought the 

age of 3D information would soon follow, but surprisingly it 

did not. 

 

In the 90ôs, there was a standard 3D data format called 

VRML (Virtual Reality Modeling Language). Given the 

limited network speeds and processing power available at the 

time, the amount of VRML 3D data that could be streamed 

and displayed was limited. For instance, peopleôs heads and 

bodies might be represented by spheres and cylinders. The 

network infrastructure was far from being able to transmit and 

display 3D CAD models.   These limitations prompted Lattice 
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Technology to develop XVL technology to resolve this 

problem.  
 

[XVL1.0] Birth of 3D Data Ultra-Compression Technology 
When we first embarked on the development, our dream was 

to ñchange the world with 3D.ò We set our sights on 

developing 3D models that were 100 times lighter in the 

belief that this would enable sharing of 3D data over the 

Internet.  We anticipated that this would lead to a 

fundamental change in how work is done in the 

manufacturing industry, bringing about beneficial changes in 

the world with the use of 3D data.  From the beginning, we 

expected this to work. 

 

XVL works by creating a patented lightweight representation 

of the CAD surfaces.  CAD models are made up mainly of 

curved surface data. By eliminating this curved surface data, 

or by replacing it with a lighter representation, it was possible 

to dramatically reduce the size of the data. 

 

The basis of this idea is that simple curved surface shapes can 

be interpolated from peripheral curved surface shapes. If 

simple curved surface shapes can be interpolated within the 

specified accuracy from boundary curve data of surrounding 

edges, it means that curved surface data can be deleted. We 

tried this and found it to be very effective. That was the 

moment when expectation changed to the strong conviction 

that the technology would work. We went on to enhance the 

combination of mathematics and compression techniques and 

finally succeeded in 100 times compression.  

 

At the time XVL was born in 1999, the Internet was mainly 

connected using telephone lines. The network speeds were 
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slow compared to today. In such an environment, the use of 

XVL helped transfer large volumes of shape data. I remember 

people gasping with excitement when we used to show them 

demos of XVL back then. On the other hand, we started to 

realize that XVL was born too early, that the world was not 

prepared to change with XVL alone. There were almost no 

companies designing all the parts of all their products using 

3D CAD. 
  

[XVL2.0] Representation and high speed display of large 
volume 3D data 
ñWhatôs the point of using 3D CAD if the 3D CAD system 

cannot display the whole 3D CAD model?  Can XVL not 

resolve this?ò  

 

These words spoken at Toyota helped change the course of 

the next XVL evolution.   

 

Toyota had recently adopted 3D CAD throughout their 

manufacturing process and spent an enormous amount of time 

on CAD training, but the volume of 3D data that was created 

turned out to be so massive that the CAD system could not 

display the vehicles. At the time XVL was optimized for 

sending data over the Internet. It was not suitable for 

displaying large volumes of 3D data. 

 

In the early 2000ôs, 3D CAD started to rise in popularity, and 

more and more manufacturers started to design whole 

products using 3D CAD.  The resulting 3D models were 

massive -- a piece of office equipment was several GB and 

for an automobile could be more than 10GB.  PCs in those 

days had memory that was not more than 2 to 4 GB, so of 

course, they could not display complete 3D CAD models.  
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So, the bottleneck had changed from network environment to 

memory capacity. The technical challenge here was to enable 

the display of massive volumes of 3D data that exceeded 

several times the capacity of the PC memory. Moreover, the 

data had to be displayed very quickly for practical 

applications. Setting our next target as displaying a whole 

vehicle on a standard PC, we started thinking of ways to 

reduce the memory and data structures which could maximize 

the graphics performance of PCs. 

 

In this way, in 2004, we expanded XVL representations using 

a totally different approach, resulting in the birth of XVL2.0. 

Now, XVL models were all derived from CAD models. Up to 

this point, our goal in the development of XVL was for it to 

represent CAD models as accurately as possible.  Now, we 

expanded the purpose of XVL to include representation of 

data which cannot be represented by CAD models.  
 

[XVL3.0] Achieving both compression and ultra-large volume 
3D data 
Amidst the economic chaos that financial crisis in 2008, the 

XVL development team at Lattice Technology was busy 

taking on the challenge of integrating the worldôs top 3D data 

compression technology and large volume 3D functions, and 

achieving the advantages of both in a single format.  

 

This endeavor was in response to two common user requests 

for the development team. One was the need to share 3D 

information even in regions with poor network infrastructure.  

In other words, further compression of 3D data was required. 

The other need was to be able to use even larger 3D data 

models for verifications because products were becoming 
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larger and more complicated. Specifically, users wanted to be 

able to easily verify products being developed using 3D data 

as digital mockups instead of using prototypes. 

 

To meet these needs, we had to further reduce the XVL data 

size to be able to transfer large models over low bandwidth 

connections.  At the same time, we needed to be able to 

display large models quickly and manipulate them smoothly.  

We had developed two versions of XVL specialized for each 

purpose.  In 2009, we integrated the two XVL formats and 

achieved the benefits of very small data size and smooth 

display of large models at the same time. This produced a 

new XVL version with the best basic 3D functions in the 

world.  Today it is being used by leading manufacturers 

worldwide.  
 

[XVL4.0] Integration of virtual lightweight 3D models and real 
objects 
In the age of IoT, everything will be connected to the internet, 

allowing diverse information from sensors to be shared in real 

time.  It is expected that this will lead to the fusion of virtual 

and reality, where virtual data will be integrated into real 

scenes.  One example of this is the use of 3D data at plants to 

compare the original 3D models (as designed) and determine 

the changes (as maintained), as well as to plan and validate 

future changes. 

 

Today, laser scanners and PCs can scan and display large 

volumes of point cloud data. However, scanned point cloud 

data is generally too massive to be used in product design and 

manufacturing departments. 

 

XVL4.0, which was released in 2015, can restructure point 
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cloud data and integrate it the same way that it integrates 

assembly information in CAD models. This turns point cloud 

data into point cloud models, making it possible to compare 

3D models to 3D scanned objects.  In this way, XVL has 

evolved into an ideal platform for merging the virtual with the 

real. 
 

Casual 3D World  
This section introduces the concept of Casual 3D made 

possible by XVL1.0.  

 

3D CAD has become common in the manufacturing industry, 

but its use is generally limited to the design and production 

engineering departments because of its high cost and the need 

for high-end computers, and sophisticated training. In the 

manufacturing industry, only about 5 to 10% of employees in 

the company are in departments which use 3D CAD. This 

means that 90 to 95% do not have access to the 3D CAD 

models.  

 

By compressing the data to 1/100 of its original size and 

providing an environment for everyone to access the data, 

XVL1.0 enables what we call ñCasual 3D.ò 

 

The concept of ñCasual 3Dò is that anybody can access 3D 

models and use them in his or her work. Until now, as it has 

been difficult to use CAD models as they are; the design 

department had to convert them into 2D drawings so that staff 

in the downstream processes can refer to the drawings in their 

work. The goal of Casual 3D is to do away with these 2D 

drawings and allow work to be carried out based on 3D 

models. In the manufacturing process, such tasks as planning 

work procedures, giving assembly instructions and creating 
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exploded views for illustrations have been performed using 

2D drawings and prototypes.  With Casual 3D, these 

functions can be performed easily and naturally using 3D 

models.  

 

The following drawing shows the model of mold 

manufacturer Tsubamex, who will be discussed in Chapter 5. 

Sharing enormous 3D CAD models was not possible, but 

sharing lightweight 3D XVL models was easy.  Information 

sharing using lightweight 3D models eliminates the barriers 

between organizations and promotes collaboration between 

departments. 
 

 
 

XVL Supports Manufacturing Collaboration  
XVL started as a 3D geometry representation. For XVL to 










































































































































