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Getting the Most out of Big Data

Never before in human history have we 
had access to such a vast amount of 
data. With the advent of technologies 
including smartphones and advanced 
sensors, constant floods of information 
are now being collected for purposes 
ranging from better movie suggestions 
on Netflix, to improving the flow of road 
traffic. 

However, Dr Tim Young at the University 
of Tennessee believes that the use of 
big data still has significant untapped 
potential in manufacturing industries. 
Thanks to decades of previous 
research, statistics and data science 

have produced many sophisticated 
techniques for exploiting the huge 
amounts of data collected by these 
industries, each of which processes 
information in different ways. 

Despite this progress, the widespread 
use of big data in manufacturing still 
faces significant challenges. Although 
the algorithms involved can be applied 
to many different situations, the 
sheer diversity of these tools makes it 
incredibly difficult for non-specialists 
to decide which approaches are best 
suited to particular tasks. 

AI AND DATA MINING FOR 
SMART MANUFACTURING

Big data is now central to the operation of many online companies, 
but until now, the wealth of information it provides has remained 
largely untapped by manufacturers. Dr Tim Young at the University 
of Tennessee believes that through data science, this information 
could be used to significantly streamline the operations of many 
manufacturing industries. His work provides the widely varied 
parties involved in these processes with important new insights 
into how they should handle their data, ultimately helping them to 
improve the efficiency of their operations. 

To overcome this issue, manufacturers 
must work together with data scientists 
to ensure that the statistical analysis 
they use to process information is 
actually useful. In his research, Dr 
Young applies his expertise to explore 
how these different algorithms can 
best be used to exploit data gathered 
throughout manufacturing processes 
involving biological materials.

A Dilemma in Wood Composite 
Manufacture

Wood composites, such as 
particleboard and structural engineered 
panels, are important materials in 
the construction and manufacturing 
industries. Although they have different 
strength properties relative to regular 
wood, they are far cheaper and lighter, 
making them more desirable for many 
purposes. To manufacture these panels, 
particles and fibres of pulverised wood 
are mixed with resin, formed into flat 
sheets, and are then often treated with 
other chemicals. This process is more 
complex than it sounds: for a high-
quality final product, bonds between 
individual wood grains must be strong, 
and the panels must be reasonably 
resistant to rupturing when subjected to 
mechanical forces.  
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To ensure this level of quality, manufacturers need to use just 
the right proportions and properties of wood fibres, resin and 
chemical treatments, and add them to the mixture at just the 
right times. With so many possible combinations, it is extremely 
difficult for manufacturers to optimise their processes. In the 
face of this challenge, statistical analysis can come into play: by 
identifying algorithms that accurately model how the quality 
of the final product will be affected by individual aspects of 
the production process in real time, solutions for optimising 
processes can be found far more easily. 

Improvements Through Statistical Analysis

Through a series of studies, Dr Young and his colleagues 
assessed the real-time performance of several different 
‘kernel regression’ and ‘deep learning’ algorithms. Among 
the most widely used families of algorithms in data science, 
these models are statistical tools for estimating relationships 
between multiple strength and process variables. For their 
purposes, Dr Young’s team used real-time data gathered by 
sensors to make real-time predictions of the bond strength 
between wood fibres, and the points at which the panels would 
fail in modulus and tensile strengths in the final product. 

The team validated the accuracy of these predictions, to 
identify which algorithms are more effective than the others. 
Through this work, one regression model consistently emerged 
as a possible candidate for having the best real-time predictive 
performance. This Bayesian algorithm, which is common in 
robotics, incorporates mathematical structures from ‘kernel 
tree methods’, whose multiple branches represent a hierarchy 
of variable interactions within the process, and whose leaves 
represent optimum end points for the variable being predicted. 
Applied to a manufacturing context, Dr Young’s team showed 
that this algorithm, if used in real-time settings, can prevent 
the manufacture of low strength panels, identify sources 
of variation in the process, and possibly lower the costs of 
expensive additives while using less energy. 

Streamlining Transport Flows

Ensuring quality in final products is just one aspect of Dr 
Young’s research. Before useful consumer products can be 

assembled, they must sometimes first be fabricated at separate 
facilities, and then transported to a central factory. For wood 
composites, important aspects of this part of the production 
process include procuring fibre, timely transportation over tens 
to hundreds of kilometres to a factory to avoid wood decay, 
and processing in a timely fashion to produce high-quality 
particles. This throws up several more important factors for 
manufacturers to consider, including wood age, mill locations 
and road delays – all of which can affect the overall production 
efficiency. 

Using the huge amounts of data gathered by wood composite 
manufacturers in the southeastern US, Dr Young’s team again 
used statistical analyses to determine the regions in which 
material transport is currently the most streamlined. This time, 
they incorporated a different type of logistic regression model 
into their algorithms, which was better suited to identifying 
optimum locations for biomass-using facilities. Through their 
analyses, the researchers identified certain parts Alabama, 
Georgia, North Carolina and the Mississippi delta as particularly 
well-suited areas for large-scale material production and 
transport. 

Quantifying Disruption from Natural Disasters

Even further down the chain of production, the growth of 
raw materials can be made far less certain through weather 
complications, with potential disruptions including heavy rains, 
strong winds, and ice storms. In more extreme circumstances, 
these events can damage the plantations needed to produce 
wood, although this is often far more likely to happen in some 
regions than others. Through statistical analysis of a national 
database, Dr Young and his colleagues identified particular 
regions where local governments have reported more frequent 
responses to natural disasters than others. 

As they did this, the researchers accounted for the influence of 
‘risk’ from natural disasters on aspects including the types and 
ages of the trees being grown, and social and environmental 
disruptions in local regions. Through these calculations, 
the team could categorise different regions by the extent to 
which composite wood manufacturing would be disrupted 
by extreme weather. Out of the 33 states they analysed, they 
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identified inland parts of Georgia, South Carolina and Texas 
with high tree growth potential and low risk – important in 
manufacturing for a secure fibre supply. 

Controlling Material Quality

Another area explored by Dr Young and his colleagues involves 
the properties of processed biological materials themselves, 
which can be highly variable, depending on several further 
factors. The overall quality of a biobased material can strongly 
depend on the uniformity of three separate factors throughout 
the material: wood particle sizes, ash content and moisture 
content. Any variability in these three factors can significantly 
reduce the quality of the final product, thereby incurring losses 
for the manufacturer. Using statistical algorithms commonly 
used in quality control, Dr Young and his team quantified the 
severity of each of these impacts. 

In their study, the team concluded that variability in the 
three factors could increase production costs by between 
$10 and $20 per tonne of final product – making it critical 
for manufacturers to ensure uniformity in particle size, ash 
contaminant and moisture content early on in the process. 

To do this, Dr Young introduced a new technique in a further 
study, in which the chemical spectra signatures of materials are 
picked up by real-time infrared sensors before manufacturing 
begins. By subjecting these signatures to the same algorithms 
used in the previous study, any unwanted variation can 
be revealed in the early stages of the process, allowing 
manufacturers to adjust their mixtures before significant costs 
are incurred. If implemented into factories, Dr Young hopes that 
this technique could enable manufacturers to ensure higher 
quality in their final products.

Examining Economic Potential of Biofuels

Finally, Dr Young has applied his expertise to consider how 
statistical analyses could be used to aid the production of 

biofuels. Through a survey spanning two decades, the US 
government has already gained important insights into the 
economic potential of these sustainable fuels. However, 
questions remain as to how their production is affected by 
biomass yields, logistical operations, and the integration of 
systems between plant growth and harvest. This highlights 
a critical need to understand the impact of a wide variety 
of factors, including soils, climates, plant growth and the 
economics of biofuel plantations. 

Again, Dr Young’s team has shown that with the appropriate 
algorithms, data on each of these factors can be accounted 
for in optimising the production of biofuels. For four different 
plant species, the team analysed each factor to determine the 
economic potential of biofuel plantations in specific regions of 
the US. 

The improved insights gained through this study could now 
prove to be an important step forward in our understanding of 
the benefits and precautions involved in biofuel production. 
Importantly, it could also influence future efforts to sequester 
carbon into the ground, which could become a key aspect of 
future sustainable economies.

A Wealth of Opportunities 

Through their thorough analysis of manufacturing processes 
centred around bio-based materials and biomass, Dr Young 
and his colleagues have clearly demonstrated the numerous 
benefits that big data can offer for all parties involved. His 
discoveries show that when the right algorithms are applied, 
factors ranging from weather patterns to road delays can be 
accounted for in economic models. 

Thanks to this success, Dr Young’s numerous studies 
demonstrate beyond doubt that the vast amounts of data we 
continually collect can be immensely beneficial in ways that we 
may not at first expect. 
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Resources) at the University of Tennessee (UT) in 2007. He 
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