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ABSTRACT
Manufacturing execution systems (MES) are widely adopted
by electronics manufacturing services (EMS) providers to
optimize production activities from order launch to fin-
ished products. An MES system is often integrated with
ERP as well as machinery. Manufactures often lack a
good understanding of MES functionalities and benefits
that will become available after implementing an MES sys-
tem. This makes justifying the investment in MES a hard
task for managers. This paper intends to describe how
small enterprises in the electronics manufacturing services
(EMS) industry could benefit from implementing an MES
system. According to the case study conducted at an SME
in the EMS industry, quality management, document con-
trol and product tracking and genealogy are the most im-
portant functions for small EMS providers.
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1. INTRODUCTION
The concept of a Manufacturing Execution System (MES)
was developed in the early 1990s when the Manufactur-
ing Enterprise Solution Association (MESA) attempted to
clarify the definition. An MES enables the optimization of
production activities from order launch to finished prod-
ucts[8]. It fills the gap between shop floor information and
control systems and other enterprise information systems
[12]. In 1997, the MESA-11 model was constructed, indi-
cating the 11 core functions of MES. Over the years several
models followed, but the 11 core functions remained the
same. Every functionality of an MES system can be cat-
egorized as either a functionality for production, quality,
or personnel allocation [4]. Companies operating in the
Electronics Manufacturing Services (EMS) industry have
been widely adopting MES systems to improve quality,
throughput, customer service, compliance, asset utiliza-
tion, and inventory. Electronics manufacturers are espe-
cially focused on successful new product introductions and
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responding to customer demands. All this, while ensuring
consistent product quality [9].

Manufacturers often lack a good understanding of MES
functionalities and benefits that will become available af-
ter implementing an MES system. Uncertainty is often
experienced when it comes to validating the applicabil-
ity, expected benefits, and practical implementation of an
MES [4]. Furthermore, problems are often faced when an
attempt is made to justify the return on investment (ROI)
of implementing an MES, which is found the most diffi-
cult task for many executives of electronics manufacturers
[7][9]. Reasons for this challenge may include lack of align-
ment of financial and performance metrics, lack of man-
ufacturing improvements measurements, and little confi-
dence in software improvement projects. The processes of
an electronic manufacturer are often unique to their busi-
ness. Therefore, they cannot buy an MES ’off the shelf’ [4]
and expect it to work. Instead, an MES needs to be care-
fully aligned to unique business processes. However, as
a rule of thumb, the electronics manufacturer should aim
at selecting an MES system that provides at least 80% of
the needed functionalities out of the box. Therefore, prior
to implementing an MES, the different expectations and
requirements need to be investigated. Additionally, small
electronics manufacturers often have existing IT systems
and databases in place. Integration of MES can be dif-
ficult because each system communicates using its own
interface and especially the manufacturing equipment is
often unique [12].

As a result, it becomes more difficult for decision-makers
of electronics manufacturers to see the benefits of imple-
menting an MES.

This paper attempts to sketch out the core functions that
an MES should ideally have when implemented at small
enterprises in the EMS industry. Additionally, a single
case study is conducted at a small enterprise in the EMS
industry. This case study seeks to examine the relevancy
and potential benefits of each MES function. Also, the
extent to which an MES system can be integrated within
current information systems is investigated.

An overview of MES functions that are relevant to small
electronics manufacturers can help managers to prioritize
the implementation of functionalities and improves decision-
making in the selection and implementation of an MES
system.
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The goal of this paper is to investigate how MES systems
can benefit small enterprises in the EMS industry. In par-
ticular, the following questions will be investigated:
Main research question:

• How can MES benefit small enterprises in the EMS
industry?

Sub research questions:

• What are the core functions of MES?

• Which core MES functions are relevant to small en-
terprises operating in the EMS industry?

• How can MES systems be integrated with current
information systems at small electronics manufac-
turers?

To examine the core functions of MES, a literature re-
view is conducted and described in Section 2. Secondly, a
use case scan made within project PERISCOP, which is a
project in Industry 4.0 for SMEs, is carried out to classify
the use case company as well as to identify common needs
and interests. Thirdly, an attempt is made to identify the
relevant MES core functions for small enterprises by do-
ing a single case study which is described in Section 4. In
this case study, semi-structured interviews are conducted
to get insight into the relevancy of different MES func-
tionalities and the current situation. The functionalities
are prioritized using the analytic hierarchy process (AHP)
method[10]. The results of the case study are presented in
Section 5 and the conclusions of this research are described
in Section 6.

2. LITERATURE REVIEW
2.1 Definitions
Manufacturing Execution Systems (MES)
Manufacturing Execution System (MES) is an enterprise
information system that facilitates the information flow
between the production floor (people and machines) and
the office floor using enterprise information systems like
ERP. A definition of MES that is often cited in the liter-
ature is proposed by Manufacturing Enterprise Solutions
Association (MESA). MESA International is a global or-
ganization focusing on improving business results and pro-
duction. While a variety of definitions of the term MES
have been suggested, this paper will use the definition first
suggested by MESA. MESA defined the term MES as fol-
lows:

Manufacturing Execution Systems (MES) de-
liver information that enables the optimization
of production activities from order launch to
finished goods. Using current and accurate
data, MES guides, initiates, responds to, and
reports on plant activities as they occur. The
resulting rapid response to changing conditions,
coupled with a focus on reducing non-value-
added activities, drives effective plant opera-
tions and processes. MES improves the re-
turn on operational assets as well as on-time
delivery, inventory turns, gross margin, and
cash flow performance. MES provides mission-
critical information about production activities
across the enterprise and supply chain via bi-
directional communications.[8]

Small and Medium-sized Enterprise (SME)
In this paper, the categorization procedure of the EU rec-
ommendation 2003/361 is used to define a small and medium-
sized enterprise (SME). The factors ’Staff headcount’ and
’turnover or balance sheet total’ are used to classify an
company as an SME and shown in Table 2.1 [1].

Table 1. Definition of an SME
Size Staff headcount Turnover Balance sheet total

Medium <250 ≤=C 50 m OR ≤=C 43 m
Small <50 ≤=C 10 m OR ≤=C 10 m
Micro <10 ≤=C 2 m OR ≤=C 2 m

EMS Industry
Electrical Manufacturing Services (EMS) providers oper-
ate in the EMS industry. EMS can be defined as follows:

Contract manufacturing integrates a wide ar-
ray of productive functions pertaining to cir-
cuit board and hardware assembly, as well as
product engineering at the board and systems-
level, component design, process engineering,
parts procurement, product fulfilment, logis-
tics and distribution, and after-sales services
and repair or sometimes installation services.
[6]

Printed Circuit Board (PCB)
The PCB manufacturing and sales account for a total of
about 1 trillion USD in electronics each year. One of the
services an EMS provider provides is PCBa, which refers
to the assembly of PCB. In this paper we use the following
definition of PCB:

The printed circuit board (PrCB), the platform
upon which components such as semiconduc-
tor chips and capacitors are mounted, provides
the electrical inter-connections between com-
ponents. [5]

2.2 MES
In this section, the core functions and informational items
of MES are explained.

The concept of MES has been around since the early 1990s.
[4] MES can be used for production, personnel, and quality
assurance matters. In the discrete industry, MES is more
an online information system, a feedback and control sys-
tem for production. Whereas in the process industry, a
greater part of MES functionalities is in the machine and
plant control systems. [4] Basic functions of an MES can
be described as the collection of software functionalities
that are separately available of a singular product. Ad-
ditionally, it enables the dependent products to be devel-
oped as far as possible using the same modules and with a
uniform structure. An MES ”1) provides a real-time look
at manufacturing operations, and 2) makes it possible to
integrate the real-time data with other information sys-
tems such as production planning and distributed control
systems.” [4]

2.2.1 Core functions
In 1997 the Manufacturing Enterprise Solutions Associ-
ation (MESA) published the MESA-11 model, which de-
fines the 11 MES core functions. This model was extended
in 2004 and 2008 due to developments in the manufactur-
ing industry. The 11 MES core functions stayed the same.
The core functions are defined as follows[8]:
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1. Operations/Detailed Sequencing: A planning func-
tionality to provide all the detailed sequences of op-
erations. Finite capacity scheduling can be used to
take the limits of resources into account while mak-
ing the schedule, resulting in more accurate final
production schedule [3]. The function provides im-
proved production activity control (PAC) for real
time production control. PAC allows scheduling,
controlling, measuring, and evaluation of the effec-
tiveness of production operations.

2. Dispatching production units: A production dispatch-
ing functionality to oversee the flow of production by
issuing work to available resources. The production
flow is determined by jobs, orders, batches, lots, and
work orders. When unforeseen events like rework
and salvage processes occur, dispatch information is
updated in real-time.

3. Product tracking and genealogy: A product tacking
and genealogy function to provide visibility in the
current status of a product. Information about who
is/was working on the product, components materi-
als by the supplier, lot, serial number, current pro-
duction conditions, and any alarms, rework, or other
exceptions related to the product are tracked. A his-
torical record of each product will become available.

4. Labor Management: A labor-management function-
ality to give insight into the status of personnel by
reporting of time and attendance, certification track-
ing, and tracking of material preparation and tool
room work. These insights can improve the accu-
racy of activity-based costing.

5. Quality Management: A quality management func-
tionality that assures product quality control by real-
time analysis of collected production measurements.
Problems can be identified and corresponding ac-
tions are suggested. This function could be shaped
by statistical process control (SPC) or Statistical
Quality Control (SQC) tracking and management
of off-line inspection operations. Also, analysis in
laboratory information management systems (LIMS)
could be part of the quality management function.

6. Maintenance Management: A maintenance function-
ality that assures availability of equipment and tools.
The function ”tracks and directs the activities to
maintain the equipment and tools”. Periodic or pre-
ventive maintenance events are scheduled and oper-
ators are notified about immediate problems. Prob-
lems are diagnosed by keeping a history of past events
and issues.

7. Resource allocation and status: A resource manage-
ment functionality to assign and schedule available
resources effectively. Available resources may in-
clude people, materials, machines, documents, and
tools. To meet operation scheduling objectives, re-
sources can be reserved and dispatched. The func-
tionality also provides a detailed historic overview of
resources.

8. Document control: A document control functionality
to control ”records/forms that must be maintained
with the production unit, including work instruc-
tions, recipes, drawings, standard operation proce-
dures, part programs, batch records, engineering change
notices, shift-to-shift communication, as well as the

ability to edit “as planned” and “as-built” informa-
tion. It sends instructions down to the operations,
including providing data to operators or recipes to
device controls. It would also include the control
and integrity of environmental, health, and safety
regulations, and ISO information such as Corrective
Action procedures. Storage of historical data.”

9. Performance Analysis: A performance analysis func-
tionality to provide reporting and comparison of ex-
pected and actual manufacturing results. MES data
gathered by different core functions can provide a lot
of useful insights for a manufacturer company[11].
Stassen provided an overview of informational items
that could be extracted from MES data and inves-
tigated which information was most relevant. These
informational items were categorized into the 4 ar-
eas of Manufacturing Operation Management as de-
scribed by ISA 95. Theses areas include operations
management of production, quality, inventory, and
maintenance [11].

10. Process Management: A process management func-
tionality to monitor and control production using
decision support or automatic actions for correct-
ing in-process activities. Machines and equipment
are monitored and controlled and operation flow is
tracked. Integration interfaces are present between
equipment and MES. Optionally alarm management
is included by this process management function.

11. Data Collection and Acquisition: A data collection
and acquisition functionality that ”provides an inter-
face link to obtain the intra-operational production
and parametric data which populate the forms and
records which were attached to the production unit.
The data may be collected from the factory floor ei-
ther manually or automatically from equipment in
an up-to-the-minute time frame.”

2.2.2 Integration
The integration of MES with a higher-lever ERP is a crit-
ical factor [4]. Standardized interfaces are crucial to make
the information flow between MES and ERP possible.

Interfaces
Interfaces

Interfaces can be described as the communication devices
that can be used by systems to exchange data. Standard-
ized interfaces is crucial. For example to integrate the
MES system with an ERP system. The relevant data of
the MES can be made available in the ERP.

The IEC 62264 standards often referred to as ISA 95 is
an international standard which focuses on the integra-
tion of enterprise and control systems. In ANSI/ISA-
95.00.02.2013, also referred to as IES 62264-3 there are 4
manufacturing operation management areas defined. These
4 areas include production management, inventory man-
agement, maintenance management and quality manage-
ment. Each of these areas are present within small elec-
tronics manufacturers.

In part 3 of ISA 95, the activity models of each area is de-
fined enabling enterprise and control system integration.
Applying ISA 95 for MES implementation has several ad-
vantages. The standard makes it possible to work in a
structured way, makes clear communication possible, of-
fers possibilities for future development, a good basis for
interfaces, and makes sure applications stay independent.
It is however considered time consuming to learn applying
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the ISA 95 standard and in some cases it might be too big
of a solution.

An MES can be integrated both vertically and horizon-
tally with current systems in a company. Vertical in-
tegration includes integration with higher level systems,
such as ERP and PLM systems at ISA level 4. Or inte-
gration with lower level automation systems such as pro-
grammable logic controllers and supervisory control and
data acquisition (SCADA) systems at ISA level 2. Hori-
zontal integration with MES includes the integration with
systems that are also operating within ISA level 3, such
as laboratory information management system s (LIMS)
or statistical process control (SPC) systems.

2.3 Electronics Manufactures
Electronics manufacturers have a strong focus on respond-
ing to customer demands, ensuring product quality, and
successful new product introduction [9]. Electronics man-
ufacturers often struggle to justify the investment in MES

2.3.1 Top goals and objectives
The top goals and objectives of electronics manufacturers
have been compared to all other industries in a survey by
LNS Research [9]. LNS research is an industry analyst
firm ”focused on best practices in Industrial Transforma-
tion for Operations and Technology leaders”.Three oper-
ational objectives that were most critical to electronics
manufacturers are identified.

The objective of fast new product introduction had signif-
icantly higher priority than in other industries. This can
be explained by the fact that the electronics industry is
consumer-focused and product life cycles are short with a
lot of product variation.

Responsiveness to customer order demands was another
top priority amongst electronics manufacturers, which had
higher priority for electronics manufacturers than in other
industries.

Furthermore, assuring quality was in the top three pri-
orities of electronics manufacturers. Strategic initiatives
that can be undertaken to prevent quality and supply
chain issues include ”Operational Excellence, Lean, and
Six Sigma, collaborative manufacturing, deploying global
MOM, software supporting production execution, quality
execution, and analytics”.

Increasing production capacity and capabilities as well
as global alignment and standardization of manufactur-
ing processes and reporting were also top objectives, but
significantly less prioritized than the top three objectives
[9]

2.3.2 Challenges
Respondents from the LNS Research’s survey were also
asked about their operational challenges. One of the biggest
challenges electronics manufactures face is the justifica-
tion of ROI for improvement investments. This challenge
of ROI justifications is found 50% more in electronics in-
dustry than in other industries. Causes of this challenges
might be lack of alignment between financial and perfor-
mance metrics, not being able to measure improvement in
manufacturing, lack of confidence that MES will be im-
plemented in time, and according to budget. Electronics
manufacturers are ”extremely consumer focused and these
industries have some of the shortest product life cycles, of-
ten six months or less with a tremendous amount of prod-
uct variation.”[9]

3. METHODOLOGY

Firstly, a literature review is conducted to examine the
core functions of MES using secondary data2. Secondly,
a single case study is conducted to gain a more in-depth
understanding of the relevancy of core MES functions and
system integration possibilities for small electronics man-
ufacturers.

Within this case study, a use case scan made within project
PERISCOP, which is a project in Industry 4.0 for SMEs,
is carried out to classify the use case company as well as
to identify common needs and interests. The use case scan
was performed by filling in an English questionnaire, which
consisted of 28 multiple choice questions and 10 open ques-
tions. This use case scan included questions about the
company’s customers and orders, production, production
planning, information systems, maintenance, and quality
checks, purchasing and inventory control, and main chal-
lenges. The questionnaire was filled in with the CEO of
the electronics company during an online video meeting.
The respondent was defined as a person who knows all ar-
eas of the company’s operation areas. The respondent had
unlimited time to answer the questions and could ask for
clarification of questions at any time. Results were used
to characterize the company in the single case study.

Furthermore, 4 semi-structured interviews were conducted
to investigate the relevancy of the 11 core MES function-
alities and get insight into the current situation. The tar-
get group consists of employees of the electronics manu-
facturer. To get insights from multiple perspectives, em-
ployees from different job duties were interviewed includ-
ing work a preparation worker, a shop floor worker, an
operations manager, and the CEO. The interviews were
conducted in the Dutch language for the interviewees to
express themselves to their best ability. All questions and
handout sheets were translated from English to Dutch. In-
terviews were conducted at the company in the case study
on the 8th of June according to a schedule with timeslots
of one hour between 09:45 AM and 4:45 PM.

The interview guideline was structured into 5 main parts.
In the first part, the interviewee was asked for verbal con-
sent to record the interview with an audio recorder. The
second part included questions about the interviewee’s
current function and current knowledge about MES. To
make sure, the concept of MES was equally understood,
the interviewer explained the term MES how it was used
in this research. In the third part, the first three steps
of the decision-making methodology Analytic Hierarchy
Process (AHP) were applied to compare the MES func-
tions to each other in terms of relevancy for the man-
ufacturer[10]. It will help the electronics manufacturer
prioritize its MES functions, which allows better software
requirements setting for the MES vendor. A list of the 11
MES core functions 2.2.1 was printed before the interview
and given to the interviewee. Interviewees were indepen-
dently asked to pairwise compare the MES functions by
giving weight on the scale of ’equal importance’(1), ‘mod-
erate importance’(3), ‘strong importance’(5), ‘very strong
importance’(7), and ‘extreme importance’(9). This scale
was also handed out on paper. After introducing func-
tion X and function Y, the interviewee was asked about
the relative importance according to the importance scale
and reason for the decision. The degrees of importance
were directly logged in an Excel matrix. This step was
repeated until all functions were pairwise compared. The
fourth part included 1 open-ended question to get insight
into functions that are already fulfilled in the current sit-
uation, for example by an ERP system. In part 5 of the
interview, questions were asked to verify the results. The
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results were directly computed in Excel using the AHP
calculation method[10] and could be shown in a graph
chart. Each graph represented one MES function with
its corresponding relative relevancy. To verify the results,
interviewees were asked if the results were as expected
and realistic to the electronics manufacturer. After all the
interviews were conducted, the average of all scores was
calculated using Excel and visualized a graph chart, see
figure 1.

After the pairwise comparison was completed, the inter-
viewees were shown the results represented in a graph and
asked to if the results were as expected, seen as realis-
tic for the electronics manufacturer and if there were any
remarks.

Furthermore, a company visit was done to acquire knowl-
edge about the current production processes and infor-
mation systems. To determine the relative relevancy of
MES functions for the electronics manufacturer, the ana-
lytic hierarchy process (AHP) was performed during each
interview.

Within the case study, modules of selected MES vendors,
called Aegis, are explored. Information about the MES
implementation and MES modules are retrieved from the
Vendors website. This information includes many resources
like whitepapers, brochures, infographics, videos, webi-
nars, and case studies [2]. The MES system contains 6
different modules, which have been further explored and
described in Section 4.2.

4. CASE STUDY
In this section, a single case study is described that was
conducted at a small enterprise operating in the EMS in-
dustry. The management of the manufacturer in the case
study, hereafter referred to as ’the electronics manufac-
turer’, is exploring the possibilities of MES.

The goal of this case study is to investigate relevant MES
functionalities for the electronics manufacturer, the ben-
efits an MES could provide, and system integration pos-
sibilities. The electronics manufacturer already selected
an MES vendor to further investigate. The CEO of the
company is now seeking to justify the investment in the
system and possibly develop an implementation plan.

4.1 Characteristics of the use case company
The electronics manufacturer is a full-service EMS provider
specialized in the development and production of elec-
tronic devices for the automotive, aerospace, machine build-
ing, medical and marine markets. The company is a small
enterprise, with 20 out of 25 employees being employed in
production.

The electronics manufacturer is a high-mix low-volume
(HMLV) manufacturing company, which has benefits like
improved customization of products and increased respon-
siveness to customers. Lead times are highly dependent on
delivery times of purchased components since the electron-
ics manufacturer follows a make-to-order (MTO) policy.

The electronics manufacturer’s EMS has two production
lines, one surface mounted devices (SMD) line, and one
through-hole (TH) line. Currently, there is a significant
level of automation in the SMD-line, whereas the TH-line
is a manual operation.

Current bottlenecks are the degree of manual work in-
volved, paper instructions, and quality control. The com-
pany is looking to digitize the production process, auto-
mate production planning and improve production quality.

An important aspect of production is ensuring high qual-
ity, efficient walk-through of production steps, and fast
access to information necessary for operation. Better cap-
turing of data, a guarantee of certified people working on
the job, and documentation can already prevent costly
mistakes.

4.1.1 Interview summary
During the interviews, an additional question was asked
about the current situation. There was asked whether or
not one or more of the 11 MES core functions is fulfilled
in the current situation. And if so, to what extend. This
section will provide a summary of the answers to this ques-
tion.

1. Operations/Detailed Sequencing The current produc-
tion planning functionality in the ERP system cannot eas-
ily provide realistic planning. For example, it schedules
using the infinite capacity of time in a day and available
employees. Also, changing the planning in the ERP sys-
tem when production takes more time than expected is
very time-consuming due to many manual inputs. There-
fore, the planning functionality is not used. The electron-
ics manufacturer expects to expand their production lines
within 5 years. With this expansion, the current produc-
tion planning functionality in the ERP might not be suf-
ficient.

2. Dispacthing production units Dispatching production
units is currently done by the employees. At the produc-
tion stage, products are labeled with serial numbers, not
at the start. Material management functionality in the
ERP system offers the possibility of tracing materials, but
might not be used to full extend.

3. Product tracking and genealogy Tracking and history
functionality is currently limitedly implemented in the ERP
system. The electronics manufacturer is working on track-
ing lot numbers in the ERP. This will become an impor-
tant functionality when the electronic manufacturer will
be producing for the aerospace and medical market to
comply with the rules and medical standards. A paper
travel card with barcode is used to track operations. How-
ever, when the travel card is scanned after an operation
is finished, this will not automatically update the oper-
ation as done in the ERP system. People have to walk
to a computer to scan their travel card and manually up-
date the system, which is not time efficient. Therefore,
the scanning of the travel card is often neglected. With
higher numbers of products not all products are scanned
but are put in the system as bulk. In the desired situation
the electronics manufacturer wants to link serial numbers.
Lot numbers of components to products and production
order linked to the serial number. The traceability of or-
ders is limited in the current situation. The Automated
Optical Inspection (AOI) machine has the functionality
to view the history of a product, but this information is
not connected to the ERP system. Boxes with goods are
labeled by article number, and the amount of pieces is
marked on the box. A separate MySQL database is used
to track serial numbers.

4. Labor management Shop floor control functionality is
present in the current ERP, which allows the electronics
manufacturer to plan tasks to people based on production
orders. However, due to the complexity of the ERP sys-
tem, a physical whiteboard is used on the shop floor to
plan tasks. A list is present with tasks and correspond-
ing required certification. Some specific operations require
certification, but currently workers are not restricted by a
system to perform tasks.
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5. Quality management The test department is using a
custom-developed testing tool. The tool requires a sepa-
rate MySQL database containing the serial numbers. A
test may contain more than a thousand test steps, which
are automatically captured in the custom database. Also,
the electronics company is using a custom-made Microsoft
Power Automate application to register product devia-
tions with a smart phone. Bigger product deviations are
also registered in the ERP system using a non-conformance
report (NCR).

6. Maintenance management Once a year maintenance ser-
vice is conducted by an external party for the SMD pro-
duction. Calibration of measuring instruments is impor-
tant to ensure quality, which is frequently done.

7. Resource allocation and status Assigning a status to
orders is being done in the ERP system using status codes.
Every status code is unique and indicates the position of
an order in the production process. Although updating the
status codes of products is possible in the ERP system, in
practice this is not always done at every production step
resulting in poor data.

8. Document management The electronics manufacturer
is looking for ways to simplify and structure its document
management processes. Work instructions are now devel-
oped in Microsoft Word, printed, and put in a paper folder.
Sometimes work instructions get lost, get full of changes
made by a pencil, or are out not up to date. Document
Control is done using hyperlinks in the ERP system. The
hyperlinks redirect to the right document. Not all docu-
ments are integrated into one system. Work instructions
are developed and printed on paper. Updating these work
instructions with changes is time-consuming, so sometimes
operators have to work with outdated work instructions.
Currently, people are working on document control in the
ERP, to make information more accessible.

9. Performance Analysis Analytics functionality is present
in the ERP system. However, it is very time-consuming
to get the right data out of the system. Furthermore, data
is not complete as not every aspect of production is being
tracked or logged. Therefore, analysis of production is
hardly done. For production, the most important KPI is
whether or not the customer gets what was agreed upon.

10. Process management The ERP system allows the elec-
tronics customer to define production steps and work in-
structions.

11. Data collection/Acquisition Data about the processes,
materials and operations are collected by scanning travel
card, manual entries in ERP, machines and testing tools.

Work preparation A common problem occurs when a cus-
tomer proposes a new product with a bill of material (BOM)
to make a price calculation. Often additional changes are
made to the BOM follow afterward. However, the process
of manually making these changes in the BOM is time-
consuming when the BOM gets larger, and missing a single
change in the BOM leads to issues later on when the prod-
uct is built. During work preparation, a price quotation
is made, for which the necessary production operations
are devised and a production time estimation is made.
However, expected time versus actual time is not tracked.
If the electronics manufacturer can better relate time to
costs, the production will get more realistic planning and
the customer a more accurate price quotation.

4.2 Aegis modules
In this section, all modules provided by FactoryLogix, a
modular MES system developed by Aegis are discussed.
Also, the relevancy of these modules to the electronics
manufacturer is investigated by combining the results from
the interview.

4.2.1 NPI module
The New Product Introduction (NPI) module empowers
process engineers to define the manufacturing process. Work
instructions can be made by importing ECAD, MCAD,
and BOM. Necessary operator certification to perform crit-
ical tasks can be added. Also, the machine programs can
be developed beforehand. Processes and revisions of in-
structions can be controlled using electronic sign-off and
approval before making it definite.

With adaptive planning functionality, necessary materials
can be reserved for production. With the task flow man-
agement functionality teams can be created and tasks can
be delegated.

4.2.2 Logistics module
The Logistics module manages material flow between the
warehouse and the production floor. Materials that arrive
from the warehouse on the production floor are first la-
beled and information is updated in the ERP system. The
inspection functionality can automate Acceptable Quality
Limit (AQL) sampling for material inspections, before ac-
cepting incoming materials. The Logistics module works
closely together with the Devices module (Section 4.2.3)
and the Production module (Section 4.2.4). The gathered
consumption data of materials is shared from the Produc-
tion module to the Logistics module. This makes sure to
keep track of unused materials and move them into storage
or replenish materials to the factory stockroom.

4.2.3 Devices module
The Devices module comes with software that can be run
on supported devices to scan and guide employees. The
Devices module comes with three main functions: inStock,
inForce and inCheck. inStock guides labeled material into
stockroom locations, guides picking and kitting of jobs,
assigns transport orders to shop floor storage and/or pro-
duction lines. Aegis also offers its process control device
called inForce, which acts as the gatekeeper on an assem-
bly line. And the inCheck function will verify the SMT
line setup.

4.2.4 Production module
The Production module drives the entire manufacturing
process, which was defined by the process engineers using
the NPI module (Section 4.2.1).

The developed CAD-aware visual work instructions and
documentation can now be displayed in a paperless envi-
ronment and is automatically available at each worksta-
tion under revision control and presents searchable, inter-
active multimedia documentation.

If during the NPI process critical tasks were indicated,
the Production module will make sure that only operators
with the right certification can perform these tasks. The
Production module will take care of guiding the opera-
tor through the sequential build process, capture data like
setting values or confirmation that a step was performed.
All this data will be part of the unit’s build history. In
the through-hole line work instructions and guidance are
relevant for hand assembly, box-build, quality inspection,
and rework guidance.
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In some cases, sub-assembly or box build is done at the
electronics manufacturer. In this case, the Configure-to-
Order (CTO) functionality efficiently processes highly con-
figurable assemblies.

Every unit is tracked by the MES. This makes it possible to
see where all work orders and units are located throughout
the plant.

4.2.5 Analytics module
The Analytics module allows the electronics manufacturer
to create a real-time dashboard and customized HTML or
PDF reports. Reports can be scheduled and automati-
cally sent by e-mail. Also, alarms can be set based on
conditions. The traceability functionality allows to get
insights in the ”product’s genealogy, the route, the opera-
tors and machines and times a unit passed through them,
test results, parametric data, quality data, rework and re-
placed component history, machine data, recipes, packag-
ing records, tooling used, and even the person that ap-
proved the release of the production order to the floor”
[2]. Also, statistical process control (SPC) reporting is
possible, to get more insight into quality-related data. For
example, the top 5 defects of the months can be displayed
or measurement-oriented histograms and quality charts.
Information can be displayed on Apple iOS devices using
the inSite app.

4.2.6 Integration module
The Integration module offers three main integration func-
tions. Firstly, the xTend functionality, which enables the
system-to-system integration using XML file exchange be-
tween Aegis and other systems like ERP, PLM, and time
and attendance systems. Secondly, the xStream function-
ality, which enables third-party solutions to access Aegis
data. And lastly, the xLink functionality, which enables
data acquisition from machines. Using xLink machine
data is turn into standardized XML data. Many protocols
are supported such as PLC, DB, OPC, OPC UA, Direct,
TCP, Euromap, IPC Connected Factory Exchange (CFX).

4.2.7 Functionalities
Quality management: The quality management functional-
ity is separated over different modules and is based on the
three pillars of zero-defect quality. The logistics module
automates the process of checking incoming goods. Also,
in-process issues are captured and fixed with help of the
MES. And root causes can be fixed due to more insights.

Virtual reality headset: An optional function that is pro-
vided, is the wireless augmented reality headset with a
built-in camera, barcode scanner, headset, and microphone.

5. RESULTS
Figure 1 shows the average results obtained from 4 con-
ducted interviews. By looking at this data, the relative
importance scores between MES functions are identified.
The MES functions are described in Section 2.2.1. All
interviewees regarded their results as expected and realis-
tic for the electronics manufacturer. However, some clear
differences could be identified between interviewees.

What stands out in the bar chart, are the 3 core func-
tions quality management, document control, and product
tracking and genealogy, which were regarded as the most
important core MES functions for the electronics manu-
facturer.

From the bar chart, it can be seen that maintenance man-
agement was found the least important core function of

MES with a score of 2.97% and with the highest rating of
4.56%.

Performance analysis appeared to be the second-to-last
important core function of MES. However, there were some
clear differences between important scores identifiable un-
der interviewees. The shop floor worker, NPI worker,
and operations manager rated performance analysis with
2.43% on average, whereas the CEO rated it 10.43%.

Comparable to the results of performance analysis, there
were some clear differences between important scores iden-
tifiable under interviewees for data collection/acquisition.
The shop floor worker and NPI worker gave it an average
score of 2.72% importance, whereas the operations man-
ager and CEO gave it an average score of 16.42%.

All interviewees answered that they found the results real-
istic for the electronics manufacturer and the outcome was
as expected. Together these results provide important in-
sights into the relative relevancy of MES functions for the
electronics manufacturer.

Table 2. Core functions in Aegis modules
Core function Present in module

Operations/Detailed Sequencing NPI/Production
Dispatching production units Production/Logistics

Product tracking and genealogy NPI/Production/Logistics
Labor Management NPI/Production

Quality Management NPI/Production/Logistics
Maintenance Management Logistics

Resource allocation and status NPI/Production/Analytics
Document control NPI/Production

Performance Analysis Analytics
Process Management NPI

Data Collection and Acquisition NPI/Production/Logistics

6. CONCLUSION
This paper presented a literature review of manufactur-
ing execution systems to identify the core MES functions.
Furthermore, a single case study was conducted at a small
enterprise operating in the EMS industry to investigate the
relevant MES functions for the electronics manufacturer,
the benefits an MES system could provide and system in-
tegration possibilities.

The 11 MES core functions are Operations/Detail Schedul-
ing, Dispatching Production Units, Product Tracking and
Genealogy, Labour Management, Quality Management,
Maintenance Management, Resource Allocation and Sta-
tus, Document Control, Performance Analysis, Process
Management and Data Collection/Acquisition.

For the electronics manufacturer in the case study, three
most important functions were identified which included
quality management, document control and product track-
ing and genealogy. Maintenance management was the
least important core MES function.

The MES system can be integrated with machines and
an ERP system. The ’data collection and acquisition’
MES core function allows integration by providing inter-
faces needed to communicate with both machines and the
ERP system.
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Figure 1. Results

6.1 Limitations and further work
The generalisability of the results in this study is subject
to certain limitations. Due to the time frame of this re-
search, only one use case company could be examined.
To improve the generalisability, multiple-use case studies
at different SMEs need to be conducted. Observations
and questionnaires are based on limited people. Potential
research includes the investigation of relevant MES func-
tions at multiple small electronics manufacturers consid-
ering multiple MES vendors. Doing more use case studies
also increases the number of interviews.

To make the comparison of software requirements between
small electronics manufacturers more specific, a user re-
quirements specification (URS) document could be com-
posed and compared. The user requirements specifications
go into more depth than comparing the relevancies of core
MES functions between small electronics manufacturers.

The benefits of MES have not been quantified in this re-
search. To quantify the benefits of MES, a comparison
could be made of aspects in the situation before imple-
mentation and after implementation of MES. Also, since
the company in the use case did not yet implement an
MES, it is interesting to perform a similar case study at
an SME that already implemented an MES.

Small enterprises might prioritize MES functions differ-
ently than medium or large-sized enterprises. Important
MES functions for medium or large-size enterprises could
be investigated in another research.

6.2 Recommendations
In case the electronics manufacturer decides to not imple-
ment an MES, it is recommended, based on the interviews,
to investigate the functionalities in the ERP system for fi-
nite capacity planning, lot number tracking and labor task
management. Also, possibilities to make the data input
process in the ERP system more straightforward need to
be explored.

In case the electronics manufacturer decides to implement
an MES. It is recommended to invest in IT infrastruc-
ture at every workplace to enforce user data input and
ensure data integrity. Accurate and consistent data is im-
portant for the electronics manufacturer to consistently
improve current business processes in the long term. An
MES will ensure data integrity, by requiring data inputs

before the next steps can be performed, which is not re-
quired in the current situation. In the interviews, it was
mentioned that manual data input and scanning needs to
be fast and straightforward.

Quality management, document control, and product track-
ing and genealogy were found the most important MES
core functions. Therefore, it is recommended to further
investigate these MES functions. The document control
function will also help secure quality. Although the Aegis
modules highly complement each other, it is recommended
to introduce the modules gradually and start with the
modules that are most important [4]. As shown in Ta-
ble 5, the NPI and Production module will provide func-
tionalities for the three most important functions. Subse-
quently, the Logistics and Analytics modules can be imple-
mented. The initial digitization of paperwork instructions
and training of personnel is a time-consuming task, which
should not be overestimated.

Future expansion of production lines and the production of
products for the aerospace and medical markets were men-
tioned in the interviews. And it was mentioned that the
current functionalities in the ERP might not be sufficient.
Therefore, it is recommended to investigate the functions
’product tracking and genealogy’ and ’operations/detail
scheduling’.

Furthermore, it is advised to investigate the integration
possibilities of the custom test equipment with an MES,
which uses the IPC CFX standard. Also, investigate whether
the custom Microsoft Power Automate application becomes
obsolete after implementing the Aegis Production module.

Additionally, it is recommended to communicate to shop
floor workers that an MES is not about surveillance of
the workforce, but a tool to improve production processes.
From the observations in the interview, a significant dif-
ference in importance rating of the ’performance analysis’
and ’data collection/acquisition’ functions was identified.
For instance, it can be communicated that shop floor work-
ers will benefit from a successful implementation of the
MES, as meeting deadlines and achieving quality will pos-
itively affect their wages [4]. Keep involving all process
owners who are directly affected by the implementation of
an MES to prevent resistance due to inequality in knowl-
edge.
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