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Introduction
Small and medium sized enterprises 
(SMEs) often use less advanced 
digital manufacturing technologies 
compared to larger companies. As 
part of the Digital Manufacturing on a 
Shoestring project, funded by the 
Engineering and Physical Sciences 
Research Council (EPSRC), we 
analysed which kinds of digital 
manufacturing solutions are most 
relevant to SMEs. We organise these 
solutions in a reference set which we 
call the solutions catalogue. The 
initial results of this study are 
discussed in this poster.

Digital Manufacturing on a 
Shoestring
The Digital Manufacturing on a Shoestring project 
aims to make digital manufacturing technologies 
more accessible to SMEs by exploring the use of low 
cost, off-the-shelf, non-industrial components in the 
manufacturing environment.

The first step, as shown in figure 1, is to determine 
the solutions that SMEs need the most. Next we 
identify the technical building blocks that constitute 
these solutions. The final objective is to establish 
methods to flexibly combine these building blocks in 
an incremental way, making it easier and less risky 
for companies to implement digital manufacturing 
technologies.

Prioritising the digital manufacturing solutions 
required by SMEs is the first activity of the research 
project to ensure the practical relevance of further 
technical developments. The outcome, a ranked list 
of specific solutions that a company could 
implement, can also give SMEs a better overview of 
the options available to them.

Methodology
We evaluated existing tools for the 
assessment of the digitalisation needs of 
SMEs. However, the existing methods do not 
provide the level of detail required to identify 
specific steps that can be undertaken by the 
companies. Based on previous research, we 
developed a four step approach (shown in 
figure 3) to identify our target solutions.

Identification of Solutions
We derived an initial set of digital manufacturing 
solutions by analysing historic data from consulting 
activities of IfM Education and Consultancy Services 
(IfM ECS), a consultancy linked to the University of 
Cambridge. We evaluated over 500 SME strategy 
sessions, during which the companies identified 
problem areas in their operations. They often 
addressed these problems by implementing digital 
solutions, which we collected as the starting set for 
the catalogue. In interactions with SMEs through site 
visits, workshops and interviews, we have  
augmented this set, adding any newly planned or 
existing digitalisation solution.

Classification of Solutions
To ensures that companies can focus on solutions 
that are beneficial to their business, we classify the 
solutions based on the potential to improve a 
company’s Order Winners (OWs) or reduce their 
Business Constraints (BCs). OWs (Price, Quality, 
Unique Value, Delivery, and Ethical Position) are 
factors that drive a company’s order volume. BCs 
(People and Information, Plant and Equipment, 
Supply Chain, Demand, and Cash) are factors that 
hinder a company’s growth. The categorisation of the 
solutions is done based on a set of criteria that 
describe each OW and BC. A solution can be linked 
to multiple OWs and BCs.

Prioritisation of Solutions
The prioritisation of solutions in the catalogue is 
done in research workshops with groups of 5 to 30 
companies. In a first step every participant chooses 
the most important OW and BC for their company 
from experience. Then they consider the digital 
manufacturing solutions that are linked to the 
respective OW and BC. The participants select up to 
three solutions that they feel are most urgent (cue: 
"We really need this") and mark these by sticking a 
golden star next to them. In order to capture lower 
priorities as well (cue: "This sounds useful, but it is 
not a priority"), the participants also select up to 6 
more solutions which they mark by sticking a blue 
dot next to them. This procedure is repeated for both 
the selected OW and BC.

Results and Discussion
Over 60 manufacturing SMEs have so far 
participated in the study. The prioritised catalogue 
comprises 51 digital manufacturing solutions. The full 
list will be updated regularly with each research 
activity and can be found at digitalshoestring.net. 
The top 10 solutions (based on the number of “most 
urgent” markers they received) are listed below:

• Real time tracking of jobs (location, status)

• Capacity monitoring of human and machine 
resources

• Digitised work instructions, photos and assembly 
procedures

• Automated job scheduling to human and machine 
resources 

• Digital inventory status and reconciliation
• Customer and demand data gathering and 

analysis

• Display of production schedule around the shop 
floor

• Optimisation of machine set-up times

• Condition monitoring of equipment
• Digital job cards 

Notably, the solutions ranked as the top 10 priorities 
among the SME participants focus on capture, 
display, and analysis of data. They enhance the 
capability of human operators to make decisions. 
However, none of the prioritised solutions directly 
control assets independently. This could be 
indicative of a general distrust in digital technologies. 
Low cost and low risk data capture and display 
solutions could provide a learning environment for 
the companies to gain trust in the technologies. 

Conclusions
The requirements analysis helps generate a better 
understanding of the digital manufacturing needs of 
SMEs. The feedback from participants so far shows 
that the catalogue of digitalisation solutions can help 
companies to get a better overview of their options. 
This has the potential to help manufacturing SMEs 
that feel inhibited to implement digital technologies 
by their perceived lack of skill and resources.

Next steps
After establishing the initial catalogue of digitalisation 
solutions, we plan to develop a refined classification 
system, making it easier for companies to choose 
from the available options. Each solution will be 
enhanced with technical specifications and 
necessary prerequisites for a successful 
implementation. The results of the initial study will 
also be used to guide the further research activity of 
the other work streams of the Digital Manufacturing 
on a Shoestring project.
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Fig. 3: Method to prioritise required digital 
manufacturing solutions for SMEs
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Fig. 1: The Shoestring approach
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Figure 2 shows a potential example of a building 
block combination.


