
�TAKE A PROACTIVE AND HOLISTIC APPROACH TO PROCESS 
PARAMETER OPTIMIZATION

Once the  data requirements for (AI) are met, a successful AI-enabled process optimization system requires:

A model (also known as a digital twin) of the manufacturing process, learnt  from the history of that 
process, and
A method for turning the expertise encoded in that model into a reduction of non-quality and an 
increase in yield.

In our experience, the most successful process optimization solutions are both holistic and proactive. 
Holistic process models capture the complexities of a system arising out of the extreme interdependence in 
a chain of processes. This includes the interactions between process parameters, higher-order effects that 
changes in one part of the system have on other parts, and physical constraints within which the process 
must operate. 

A single model that is trained to learn a digital twin of the end-to-end physical production process can not 
only predict quality for a given set of parameters, but guide the production line along a viable path of 
improvement towards an optimal operating region. In addition, a pre-emptive solution prevents non-quality 
ahead of time, rather than reacting to a non-optimal state. By achieving this, the plant cuts down on the 
scrap and engineering costs that a reactive paradigm requires.

Traditional solutions typically alert to known bad process conditions, or attempt to optimize the process 
based on quality predictions. Moving beyond these narrow reactive approaches was a key factor of success 
in our optimization of the spot welding process on the vehicle production line.
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FOUR BEST PRACTICES TO OPTIMIZE 
PLANT CONTROL PLANS WITH AI 

DataProphet has reduced spot weld defects in the body shop of a mature vehicle assembly 
plant by 75%. In this paper, we share key takeaways and tips from our spot weld experience 
and other real-world implementations of Artificial Intelligence (AI) to optimize manufacturing 
control parameters.

In our experience, the most successful process optimization solutions are both 
holistic and proactive. Holistic process models capture the complexities of a 
system arising out of the extreme interdependence in a chain of processes.
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AUGMENT HUMAN EXPERTISE 
WITH MACHINE LEARNING

The production history of a manufacturing process can 
yield more than a model of the underlying physical 
system. It also represents the choices of factory experts 
in the past, and the outcomes of those choices. By 
extension, the model represents those specialists' 
expertise and experience. When an AI-enabled 
optimization system is built around a "human in the 
loop", it no longer requires an expert to analyze 
parameters to make the necessary changes. Instead, it 
provides continuous expert directions to operators on 
the line—as if the expert was there—enabling the 
operators to make faster and better decisions.   

The DataProphet approach also minimizes the cost 
and complexity, and the potential unintended impact 
of an AI augmentation. In our vehicle spot welding 
system, as in many other deployments, we find that by 
empowering specialists with an Expert Execution 
System (EES), the factory technicians embraced the 
system as a powerful addition to their toolset; 
receiving the attribution and praise for the 
performance improvement.

LEVERAGE TRANSFER LEARNING

In our vehicle assembly case study, we took this 
transfer of expertise a step further: our client's typical 
body shop contains dozens of clusters of robots, or 
"stations". Each station conducted a weld at dozens of 
predefined locations on the vehicle. Within one 
technology, such as spot welding, these welds share a 
common set of controllable parameters, but each was 
uniquely specified in terms of their set-points. This is 
because each weld location is unique in important 
ways, such as the type and thickness of the materials 
being joined at that location. Given this difference 
between weld locations, and the discrete nature and 
relative uniformity of the succession of welds at each 
weld location, we took the natural approach of 
modeling each weld location as though it were its own 
mini-factory, and of modeling each weld as a discrete 
unit of production. 

info@dataprophet.com | dataprophet.com

Paper



4

info@dataprophet.com | dataprophet.com

Paper

Ignoring the similarities between the spot welding process at different locations, though, would have been 
too naive. For one, the differences in the distributions of the welding parameters from one location to the 
next could be explained in part by the fact that technicians tended to adjust those parameters one location 
at a time, as these locations drifted out of their tolerance bounds. Over the course of time, this caused 
otherwise similar weld locations to follow increasingly divergent paths through the parameter space.

IMPLEMENT CONTINUOUS OPTIMIZATION 

Factory processes are not stationary. Once-off and even regular data science exercises, resulting in a static 
set of AI-enabled insights or a static AI model, will fail to address this fact. In order to remain relevant and 
valuable, an AI model needs to continuously optimize the factory process(es) as upstream conditions 
change, which in turn requires the AI model to be kept up-to-date and to be made available "on-tap" to 
factory technicians. 

The DataProphet vehicle spot welding model is regularly re-trained on the latest spot welding data to keep 
up to date with current operating conditions. The system is always accessible to technicians on the factory 
floor. With DataProphet PRESCRIBE, a technician can at any time view an optimization report, generated 
on-demand for any weld location, by entering the weld identifier into a web page on the factory's secure 
intranet.

THE IMPORTANCE OF INFORMED DECISION MAKING FOR INDUSTRY 
4.0 INVESTMENTS

Optimizing manufacturing processes with AI is a complex undertaking.  Although every factory process is 
unique, it’s important to learn best practices from across the industry, especially from proven, real world 
implementations. 

A clear digital transformation strategy will help manufacturers to navigate the complexity and make 
informed Industry 4.0 investments.

Contributed by Joris Stork, Senior Data Scientist, DataProphet




