
A s companies prepare for the future and 
transform themselves into a dynamic and 
intelligent enterprises, adopting smart 
manufacturing enables this intelligence. 
This change entails a digital transformation 

that relies on the newest technologies to connect devices 
and systems, empower people with data, expand the 
intelligence of your enterprise, and become increasingly 
autonomous. 

The first step to achieving this is to capture the digital 
thread with connected, standardised data. The digital 
thread connects people, materials, machines, and data 

across manufacturing with digital information. However, to 
realise its true potential, smart manufacturing practices 
must extend across from the factory floor to all aspects of a 
business, including product research, design, manufacturing, 
production, quality assessment, distribution, and service. 
This also means integrating the data generated from various 
sources such as simulations, test data, and engineering data 
to improve and optimise product design.

The digital thread ensures the availability of critical data in 
the right place at the right time across the manufacturing 
workflow to drive efficiency, enable analysis and reduce 
errors. By streamlining the process with a seamless flow of 
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data across all stages of production, manufacturers can also expect to bring 
products to market faster and reduce waste. 

Since the engineering specifications are embedded in the digital  
model early in the design stage, it ensures one source of truth along 
the value chain, minimising the scope for misinterpretation until the 
inspection stage. 

The digital thread charts the journey from concept to the creation of a 
physical part throughout the manufacturing process. The digital thread is 
the positive feedback loop that results from the interaction between the 
digital and physical worlds. 

The digital thread brings several benefits. Since it presents a real-time view 
of products passing through each stage in the manufacturing process, it can 
reduce bottlenecks and enable better decision-making based on constant 
feedback gathered at every step. With tighter iteration loops, they offer 
greater control and avenues for customisation. 

Since the data is in a digital format, a digital thread allows for better intra- 
and inter-firm collaboration. Using digital threads has significantly reduced 
defects and improved efficiencies in the highly competitive automotive and 
aerospace markets. The consumer electronics industry also benefits from 
this closed-loop approach to reiterate, innovate, and stay competitive, and 
delight consumers.

The role of data quality 

The effectiveness of a digital thread depends heavily on the quality of 
data available. Typically, the digital thread starts with an idea which can 
be translated into a digital file – usually authored as a 3D CAD model. 3D 
product models start the digital twin of the physical part and specify its 
form, fit, and function.

One challenge is that many designs are still 2D, which makes it difficult 
to embed Product Manufacturing Information (PMI) such as design, 
manufacturing, quality, and other data and carry it along the workflow. 
While the 2D models can technically be translated into a CMM inspection 
programme, it can be a long painstaking process converting the plan on 
paper into a machine ready measurement strategy. 

It is far easier to base an inspection programme on data already embedded 
in a 3D CAD file. However, even where models are 3D, adding PMI data may 
be overlooked due to the skillset of the engineers and the ease of the tools 
that are available for dimensioning within the CAD environment.

PMI presents a single source of truth metadata that expresses critical 
parameters such as Geometric Dimensions and Tolerances (GD&T) and 
Bill of Materials (BOM) data as human and machine-readable annotations 
and notes, available at any point in the manufacturing cycle. In addition, it 
includes information such as surface finish, material specifications, and 
metadata. It could also store notes as well as legal/proprietary data. 

The increased use of the Internet of Things (IoT) provides connected devices 
and machinery with smart sensors that upload continuous data streams to 
the cloud for analysis. This data feeds back into both product designs and 

Airbus measures up

The Airbus factory in 
Broughton, North Wales, 
has a large gantry type 
coordinate measuring 
machine from a large gantry 
type coordinate measuring 
machine from Hexagon. 
The machine provides 
advanced dimensional 
inspection capabilities that 
will help keep pace with the 
production of wing spars for 
the current fleet of Airbus 
aircraft and components for 
the new A380, a 555-seater 
aircraft for the 21st Century.

The machine is equipped 
with PC-DMIS geometric 
measuring software, an 
interactive graphics package 
that simplifies and streamlines 
measuring programming for 
both the ordinary and the most  
exotic applications.  
 PC-DMIS  provides fast and 
precise data analysis, a fully 
configurable, intuitive graphic 
user interface, interactive 
report formatting and data 
handling, and graphic output 
capabilities. Exclusive CAD 
interface options provides a 
direct path from CAD data to 
part programming, graphical 
simulations, and inspection 
results.

Airbus accelerates the 
inspection programming 
task by employing an off-line 
programming system, capable 
of generating part programs in 
standard DMIS formats directly 
from CAD geometry. The ability 
of PC-DMIS to execute these 
programs, without translators, 
ensures high part program 
consistency and a superior 
operating efficiency. Inspection 
results can be uploaded to an 
off-line computer system by 
DMIS links for more detailed 
SPC data analysis.
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engineering modelling assumptions. For instance, data from 
after-market assessments on failure modes can guide re-
design to improve the product or warranty performance.

Measurement data provides a rich basis for AI/ML-based 
models, allowing them to relate the actual process 
parameters with measured data. Synthetic data from 
physics-based simulation models can also enhance the AI/
ML models. Together, these models can provide guidance and 
automatically adjust machine parameters during production. 
Connecting the data produced by simulations, test data, and 
engineering data back into product design can provide the 
means to continuously improve and optimise product design 
and give confidence in changes late in the process.

During manufacturing, data on manufacturing performance 
can inform physics-based manufacturing simulations to 
improve modelling assumptions, material parameters, loads, 
and boundary conditions to validate the digital twin. Advanced 
tactile and optical metrology can help accurately compare 
“as-built” with “as-designed” parts. 

Together, these diverse data points can help drive better 
products built faster, reduce scrap and rejections, and more 
significant interaction between all stakeholders involved in a 
product lifecycle.

Data challenges in building a digital thread

Despite the apparent advantages, certain constraints 
on the ground make it challenging to execute the digital 
thread effectively. Several organisations still rely on 2D 
information rather than embedded ‘live’ data in their CAD 
models. Switching from a 2D drawing to a 3D model-based 
workflow means more upfront work for design engineers 
without immediate benefits. Also, developing machine-
readable semantic PMI requires specific skills in creating and 
interpreting GD&T following prescribed best practices such as 
ASME Y14.5 and ASME Y14.41. 

Sometimes, CAD model designers fail to add adequate PMI 
data before release simply because they have not yet imbibed 
the smart manufacturing mindset. Correcting these omissions 
requires a cultural shift within the organisation to drive an 
innovation mindset.

There is also no standardisation of data across software/
machines. When inspectors/QA team find errors, it’s not easy 
to send corrections back up the chain to the designer. This 
impacts efficiency. There are no standard processes to audit 
the data path and understand who made changes and when. 
The data could be tampered with by accident/human error or 
deliberately through a cyber-attack. 

Figure 1: eMMA for dimensional 
data management, quality 
planning and analytics software for 
manufacturing.



Simplifying the data gathering process

In addition to building the right skills and mindset and driving 
process changes, the software ecosystem too can be made to 
support the need for reliable data. Metrology software plays 
a vital role in collating captured data and transforming it into 
meaningful and actionable data. Hexagon’s Metrology Software, 
such as PC-DMIS and QUINDOS, can read many CAD data files, 
including QIF, STEP, CATIA V5, and others, that can support 
PMI data. Inspection programmers will realise significant time 
savings with access to the full set of characteristic IDs and 
dimensional and tolerance information embedded as per GD&T 
and ISO standards. The digital twin of the part carries all the 
necessary information for inspection, enabling the programmer 
to use PMI information to automatically generate inspection 
commands for the CMM (Coordinate Measurement Machine). 
The data returned from the CMM in the form of a report is 
another source of valuable data which can be captured and 
shared along the digital thread.

Hexagon’s vendor-agnostic Q-DAS eMMA MDM (Measurement 
Data Management) software acquires metrology data from 
every production site to provide a single reliable source of 
quality data. eMMA collects shop-floor data from dozens 
of metrology systems and aligns it with managed quality 
control routines for automated and on-the-fly analytics. 
This data feeds locally installed, web-based quality tools 
via a dashboard to analyse trends in dimensional accuracy 
and utilise quality data collected at multiple locations. 
The solution manages data throughout the manufacturing 
process so that tools can automatically compare inspection 
data to design data to ensure that manufacturers adhere to 
the original design intent when parts are received, produced, 
or assembled.

Our recent product launches have offered next-generation 
solutions to manufacturers, enhancing the ease of use, 
simplicity, and more automated processes. Nexus is a great 
example. It’s a cloud-based platform featuring our broad 

software portfolio. These workflows will offer a seamless data 
transfer from one part of the workflow to the next. 

The future focuses on moving from automation towards 
genuine autonomy, which will be achieved with greater data 
connectivity and sharing through cloud-based platforms and 
the introduction of Artificial Intelligence (AI) and Machine 
Learning (ML) technologies. Only through access to more 
data will we be able to advance from descriptive to predictive 
reporting. Hexagon is well-positioned and committed to 
leading innovation in this space.

Summary

The digital thread’s promise is transforming how products are 
being engineered, manufactured, and serviced. It can improve 
supply chain visibility, planning and synchronisation. When 
we mix it up with AI and IoT to harness big data, advanced 
analytics, and ML on the factory floor, manufacturers can 
leverage their data to benefit from predictive modelling and 
improve forecasting accuracy. 

However, for the industry to shift towards smart 
manufacturing, there need to be methods, protocols, and 
tools for conformance testing and increasing user awareness. 
Product definition standards are also necessary for the digital 
transformation of manufacturing enterprises.

Digital threads are not just relevant for large blue-chip 
enterprises that have been the early adopters. Realising 
considerable value to small-to-medium-sized enterprises 
can only be delivered by developing increasingly capable 
standards for conveying industrial data.

The digital thread is worth pursuing not just for greater 
efficiency, innovation, and improved corporate accountability. 
Still, it can also provide a shot in the arm for sustainability 
efforts by helping reduce waste and lowering the carbon 
footprint of manufacturers. 

Data is the heart of the digital thread. 
Learn more about digital thread: hexagon.com

https://hexagon.com/solutions/manufacturing-ecosystem

