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Abstract 
Hardware and software developers rely on different tools for document man-
agement, product data management (PDM) and software configuration man-
agement (SCM). As more and more products include components of both types 
there is a growing demand for one collaborative system. This becomes even 
more critical in the medical sector, where a device is under regulatory demands 
for document management to even be allowed in to the market. Combined sys-
tems become more complex and are generally based on PDM-principles rather 
than SCM. Current development of SCM tends instead towards simpler systems 
focused on pure version control (VCS) that are easy to use and economically 
available to small- and medium sized enterprises (SME), which is not the case 
with generic PDM-systems or combined systems. 

This study explored the possibility to extend the usage of such a VCS and in-
clude hardware documentation as well as software. The aim was to further our 
understanding of the SME perspective on product documentation for the medi-
cal device field. The method was a case study, collaboration with a SME devel-
opment company. The scope was to explore possible usage of a chosen VCS 
(GitLab) and to compare it with a generic PDM-system and with existing man-
ual system. 

The results showed that for several of the hardware document types there are 
special made Git-solutions to find within the open source community. However, 
none of the ones tested in the study was deemed good enough with respect to 
functionality and reliability. Instead the case study used direct storage of the 
files in their binary format and focused on testing different VCS functions and 
on how to organize in order to best gain the advantages of using the system. 

The conclusions showed that hardware documents can be stored in the same 
iterative manner as software but with limited Git functionality. Compared with 
a PDM system GitLab can offer the same level of revision control and commu-
nication around the specifications but lacks classification of parts and detailed 
product structures. GitLab offers better iteration history than both a PDM-
system and the existing manual system does. But not being able to use full Git 
functionality the organization needs a collaboration strategy to handle the de-
centralized storage. If the collaboration strategy matches the organization de-
velopment practices, GitLab is a useful alternative for medical device documen-
tation. 

 

Keywords: Medical device product documentation, PDM, CSM, VCS, SME, 
Git, GitLab 
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Terminology 
Product Data Manage-
ment (PDM) 

Systems for managing the creation, change and ar-
chive of all information related to a hardware prod-
uct. 

Software Configuration 
Management (SCM) 

Systems for managing the different items and version 
of a software product. 

Version Control System 
(VCS) 

System for managing the version of a software prod-
uct, can be part of a SCM or stand alone. 

Git Stand alone VCS using decentralized principles 
available on all mainstream development platforms. 

Small- and Medium 
sized Enterprises 
(SME) 

Defined by the European Commission as companies 
with less than 250 employees.   

 

Medical device Any product intended for use in all areas of health 
care.   

Medical regulations National or international regulations of products that 
are to be marketed as medical devices. 
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1 Introduction 
1.1 Background 
Hardware development and software development rely on different types of 
systems for document management. 

For hardware development the tool is Product Data management systems 
(PDM). PDM-systems focus is on managing the creation, change and archive of 
all information related to a product. It tracks and controls data related to a par-
ticular product and serves as a central repository for product history. The data 
usually involves specifications of the product, material specification, parts lists, 
drawings and specifications for manufacture. PDM stems from traditional engi-
neering design activities that created product drawings and schematics on paper 
and using CAD tools to create parts lists (Miller, 1998). However, PDM-
systems can be costly to install and complicated to implement, drawing on both 
economical and human resources to maintain. This aspect is particularly im-
portant to small and medium sized companies (SMEs) that have limited re-
sources and potentially higher vulnerability to implementation failures. Instead 
of investing in PDM-systems many SMEs rely on manual effort to achieve con-
trol of documentation and revisions (Waldenmeyer & Hartman, 2013). 

For software development the tool is Software Configuration Management sys-
tems (SCM). SCM practices include revision control and the establishment of 
baselines. If something goes wrong, SCM can determine what was changed and 
who changed it. If a configuration is working well, SCM can determine how to 
replicate it across many hosts. SCM came in use in the 1950’s when hardware 
configuration management was applied to software as well (Pressman, 2009). 
Since then the systems have evolved greatly and must now be considered a dis-
cipline on its own, separated from the hardware practices it once evolved from 
(Do & Chae, 2011). In the most recent development we see standalone software 
focused on version control, often referred to as Version Control Systems (VCS). 
VCS support collaboration between several developers in the same file, the pos-
sibility to revert changes and to compare different versions of software with one 
another (Candrlic et al., 2007). One major aspect of VCS is the strong ties to the 
open source community where several of the modern but still mature systems 
are developed (Spinellis, 2005; Spinellis, 2012). 

The number of products with embedded software increases across all applica-
tion areas continuously and, with that, the complexity between the hardware 
and software steadily increases (Hopf & Ovtcharova, 2013 ; Shenvi, 2010). 
This leads to a demand for control of the total product, including the software 
components (Crnkovic et al., 2001). Even more so when the product is a medi-
cal device and the supplier has to comply with region specific regulatory de-
mands in order to even place the product on that market (Lepmets et al., 2014). 
In Europe and USA suppliers have to keep a complete technical file over their 
medical device. The file shall include not only all product documentation but 
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also the result of risk analysis and motivated descriptions of the design solu-
tions selected to comply with the regulatory demands in question 
(www.lakemedelsverket.se). Most of the information which must go into the 
technical file is readily, if not only, available in the design stage. Ensuring com-
pliance with regulations in retrospect has been shown to be a time-consuming 
and costly exercise. The designer of a medical device should document essen-
tial aspects of the design as early as possible in the development stage (Romer 
& Stuyt, 2007). 

 
Figure 1: PDM and SCM as separate systems 

 

As a consequence more and more companies look for product management sys-
tems that can cover all aspects of the complete product, both software and 
hardware. In the integration of these processes, many difficulties are encoun-
tered because of the different natures of the processes and the different ap-
proaches made to the problem. SCM and PDM are used to solve similar prob-
lems in different ways and are overlapping more than complementing one an-
other (Crnkovic et al., 2001). 

The common approach for creating one complete system has been to, in differ-
ent ways, incorporate SCM in to existing PDM-systems. However there are 
downsides to this approach. 

The first is that software development is evolving quickly and new solutions 
constantly emerge to enhance the usefulness of software development tools, es-
pecially in the open source community. Big, complicated systems, such as 
PDM-systems, are to slow to develop to be able to keep up with new best prac-
tices that are based on these solutions (Suciu et al., 2012). 

The second downside is that if PDM-systems generally are inaccessible to SME 
due to high cost for implementation and maintenance (Waldenmeyer & Hart-
man, 2013). This will apply even more so to systems that incorporates even 
more functions, thus making them even more complicated. 
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Figure 2: SCM integrated into PDM 

 

1.2 Problem discussion 
As the number of medical devices with embedded software increase there is an 
ever growing need to integrate SCM and PDM to support multidisciplinary de-
velopment environments. But the attempts of incorporation SCM in to PDM 
have not been successful enough to convince the market that this is the best 
practice for complete product documentation. Even if that approach had yielded 
better results the cost and implementation difficulties of an advanced PDM-
system still makes the solution unavailable to a large part of companies in the 
development sector. 

In this study the problem of achieving one complete system for product docu-
mentation will be looked at from the opposite angle. The idea is that instead of 
incorporation SCM into PDM it could be possible to incorporate PDM into 
SCM. This is a under researched approach and no literature on targeting exactly 
this approach has been found. Therefore this study will have to be of an explor-
atory nature, selecting a case study for practical experiment and report on the 
results, drawing conclusions on what can be possible rather than what is proven, 
hopefully opening the niche for further study. 

 
Figure 3: PDM integrated into SCM 

 

In order to do this, Git has been chosen for evaluation. Git is one of the most 
widely used modern VCM on the marked today. It is a distributed system avail-
able on all mainstream development platforms through a free software license 
(Spinellis, 2012). This makes it technologically and economically available to 
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all kinds of companies regardless of size. Git is by now so well established on 
the market that research projects have focused on the possibility of integrating it 
into the teaching of computer science (Binas, 2013 ; Brinnen & Nord, 2013 ; 
Haaranen & Lehtinen, 2015). Even other applications other than pure source 
code, such as medical records, have been attempted (Neumann et al, 2012). All 
of the above factors makes Git a suitable system for this study. 

The Git repository can be accessed remotely by a number of different services 
such as GitHub, GitLab and Bitbucket. Due to personal experience in the com-
pany chosen for case study, GitLab will be the access service of choice for this 
study. 

 

1.3 Objectives 
The aim for this study is to further our understanding of the SME perspective 
on product documentation for the medical device field. This will we accom-
plished by exploring to what extent a software version control system such as 
GitLab can be used to integrate all types of product specifications. The purpose 
of the integration is to make a complete technical documentation that would 
meet the demands of regulatory standards. This will be done by looking in to 
the following research questions: 

 How can hardware specifications such as drawings, cad-files and build 
instructions be stored and controlled in GitLab? 

 How does revision handling of such documents in GitLab compare to 
that of a standard PDM-system? 

 How does revision handling of such documents in GitLab compare to 
that of a company that’s has not implemented a PDM-system? 

 To what extent can the documentation and revision control possible in 
GitLab meet the demands of regulatory standards for medical devices? 

 

1.4 Demarcations 
This study is limited to the evaluation of GitLab as a tool for storage and con-
trol of a limited number of hardware specifications types (defined in detail in 
the Theory chapter) during the development phase of the product. 

 

1.5 Outline 
Chapter 2 explains the theoretical framework for the study in greater detail. 
Chapter 3 presents the chosen methodology, the motivations for it and the limi-
tations. Chapter 4 reports on the result of the study. This chapter is divided in to 
three sections, the first documents the existing manual system, the second re-



A new approach for medical device product documentation 
Elisabet Hamnede                                                                           2017-05-21 
 

5 

ports on the case study of GitLab usage and the third compares the three system 
types present in the study. Chapter 5 discusses the result of the study and com-
pares it with theoretical framework described in chapter 2. Chapter 6 states the 
conclusions made from the study. Chapter 7 discusses social and ethical consid-
erations and chapter 8 makes suggestions for future research. 

 

1.6 Contributions 
This study was conducted by the author in cooperation with hardware and soft-
ware developers at NEP. The aim for the research originates from the company 
but the research questions have been prepared and formulated by the author as 
well as the theoretical material collection. The case study has been planned and 
conducted as cooperation by the company and the author, the results have been 
documented and analysed by the author. 

No part of this study has been previously published. 
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2 Theory 
This chapter will lay out the theoretical framework for the study. It will summa-
rize the background on PDM, SCM and approaches for combining the two sys-
tem types. It will also summarize medical device regulations and introduce the 
case study company in question. 

 

2.1 Related work 
The study of similarities and differences between PDM-systems and SCM-
systems is not a new one. Estublier et al. (1988) and Westfechtel & Conradi 
(1998) were early in the field, both mainly focusing on comparison and report-
ing on the differences found in regards to how the two system types use for ex-
ample product models, process models and version operators. 

After that several studies were made to find a technical approach to combine 
the two systems. Crnkovic et al. (2001) provided frameworks for SCM and 
PDM integration and considered integrated product data models to be a critical 
factor for the success. Dahlqvist et al. (2003) proposed an integrated product 
structure model which includes both hardware and software products. Krebs et 
al. (2005) provided an integrated product configuration model. It enables cus-
tomers to specify their own product configurations of both software and hard-
ware products. El-Khoury (2005) suggests a model based approach that also 
combines the two systems with Product Lifecycle Management. Do and Chae 
(2011) proposes a PDM-architecture that supports the extension of the data 
model version items for SCM systems. Vendors of commercial systems also try 
to find solutions to the problem, for example Siemens PLM which can interface 
corresponding version items in IBM ClearBase database in order to manage 
complete product documentation (Do & Chae, 2011). 

 

2.2 PDM 
This section will introduce PDM-systems and PDM concepts in further detail. 

 

2.2.1 PDM – state of the art 
PDM is used to manage data for hardware development and contains primarily 
two types of data; specification data and meta data. Specification data describes 
the characteristics and properties of a product or part. Meta data describes the 
characteristics of other data; information types, predefined values in data sets or 
organizational responsibilities for data items. PDM systems keep track of the 
masses of data required to design and manufacture hardware products (Miller, 
1998). The systems originate in manual handling of documents and product 
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structures and were first developed to automate those manual processes, both 
for efficiency and for improved security, but the possibilities of computerization 
led to process management of different sorts being incorporated into the sys-
tems (Armstrong, 2001). While this can be a great advantage to an organization, 
helping management to organize and control the daily work, it can also be a 
drawback and a hindrance if the processes build in to the system don’t fit with 
the organization in question (Otto, 2012). This is especially problematic for 
smaller organizations that may have neither the economical nor the personnel 
resources to implement a complex system and reorganize in order to create a 
perfect fit (Waldenmayer & Hartman, 2013). 

Traditional PDM systems have been developed and implemented for one organ-
ization at a time but products are seldom handled by one organization only. 
There is often a need to share product data with manufacturers, consulting de-
signers and other types of partners. For this reason, and the rapid development 
of Internet, there has been a trend towards network connection and web-based 
interfaces (Kim et al., 2006). The information security issue this raises is the 
same as for other information systems and does not seem to have generated any 
amount of research connected specifically to security of PDM-information.   

Instead it has raised questions on standardization of data modelling, one devel-
oped and maintained by the ISO technical committee TC 184 is the ISO 10303 
Standard for Exchange of Product model data (STEP). STEP PDM Schema 
handles typical product-related information such as geometry, drawings, project 
plans, part files, assembly diagrams, bills of material and many more (Panetto, 
2011). 

Hand in hand with the development of different standardizations of data model-
ling there has been a development of having other information systems use in-
formation stored in PDM system. This is both enabled by the standardization of 
data modelling and also puts pressure on development to continue and to im-
prove (Panetto, 2011). The most common system type to have usage for PDM 
information is Enterprise Resource Planning systems (ERP), where it is used to 
plan material and production and manage different levels of sourcing (ibid).   

Tightly connected to PDM-systems, and usage of PDM information by other 
system types, is the development of Product Life-cycle Management systems 
(PLM). PLM stands for integrated management of product-related information 
through the entire lifecycle and PDM information is one of its key components. 
Other components are ERP, Customer Relations Management and computer 
aided design systems (El Kadiri & Kiritsis, 2015). Whether Software and SCM 
is a part of PLM seem to vary, some researchers identifies it as a component 
(El-Khoury, 2005) while others leave it out (El Kadiri & Kiritsis, 2015), could 
be because it is not considered necessary at all or it is seen as a part of the PDM 
component. 
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2.2.2 PDM concepts 
Data vault and document management 

The backbone of any PDM-system is the records database where all specifica-
tions are stored, automatically named/numbered and individually controlled. 
Controlling document status ensures that the right version of a document is dis-
tributed to the users and that older versions of documents are stored in their 
original form, giving the user a full revision history. The centralized storage en-
ables users to access documents without knowing where or how they are stored 
and file back-up in a controlled manner. The meta data that describes the char-
acteristics of the documents is also managed by the vault (Armstrong, 2001).  

Access and workflow management 

Basing system access on individual log-in a PDM-system can control which 
users have access to what documents and in what fashion (read, wright or both). 
Changes made in the system can be logged as to when and which user. In some 
systems tasks and ownership of different records can be delegated to individual 
users. Then communication between user and system as well between different 
users can be handled by mark ups or notifications enabling management of the 
design or change workflow (Armstrong, 2001). 

Product structure / configuration management 

A PDM-system can handle multilayer relationship between assemblies, parts 
and associated data, giving the user a models or bill of material for different 
levels of assembly of the product. This can in some systems be used for defin-
ing product baselines, variants and options (Armstrong, 2001). 

Classification / search ability 

Classification of parts and documents enables good search ability and the more 
data that is stored in the system the more important this aspect becomes, espe-
cially for enabling reuse of components or methods (Armstrong, 2001). 

 

Figure 4: PDM components 
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2.3 SCM 
This section will introduce SCM-systems and SCM concepts in further detail. 

 

2.3.1 SCM – state of the art 
SCM is used to control the evolution of complex software, it identifies the 
product component and their related documents, it keeps the product structure 
and control continuous changes, status and auditing. Traditionally it has mainly 
contained source code and not the binary files that are compiled from it since 
they have been so easy to reproduce. But as the development process has be-
come more complex so this becomes less certain. The scope of the development 
process covered by SCM also increased so that it not only supported the im-
plementation but also earlier phases (requirements and design) and later phases 
(maintenance and support) and also documentation. From this perspective the 
more complex SCM became less software-specific and more close to a general 
configuration and document management support (Crnkovic et al., 2001).  

Parallel to, or perhaps in response to, the development of more complex and 
less software specific systems the open source community was more focused on 
collaborative implementation and from this several reliable systems for pure 
Version Control (VCS) have evolved. Spinnelis (2005) writes that adopting a 
VCS need not be expensive but could prove the most important tooling im-
provement an organization could undertake. Otte (2009) concludes that there is 
no doubt that VCSs simplify software development. 

One of the bigger disputes when it comes to VCS is the centralized versus de-
centralized approach and a lot of research has gone in to looking at this from 
different aspects. The centralized approach is often represented by Subversion 
that was initiated 2000 but builds upon Concurrent that was initiated 1984. The 
decentralized by Git that was initiated 2005. They are now the most widely 
used systems within their approaches (Otte, 2009 ; Spandel & Kjellgren, 2014). 
Since the centralized systems were first out and rather well adopted by the 
community when the decentralized approach was presented this was for a long 
time in their favor (Otte, 2009). But the decentralized approach has grown fast 
and the community collaboration it offers makes it a very attractive alternative 
(Spinellis, 2012). Spandel & Kjellgren (2014) concluded that both systems ap-
proaches are easy to start using but that the decentralized approach, represented 
by Git, encourages developers to work more similar to what is describes as best 
practice.  

Coming from the open source community Git is easily available for continued 
development. One example of this is a version control system for medical rec-
ords that need be tracked both on a unit level and on a collection level that is 
built on Git foundation (Neumann et al. 2012). 
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2.3.2 SCM and Git concepts 
Repository 

The repository can be compared to a folder containing all the files of a project. 
Since Git is a decentralized VCS there can be several repositories set up to 
share files between them. The common practice is to have a server with a re-
mote repository as well as a local repository for every user working on the pro-
ject. The remote repository is the server located repository that is shared be-
tween all authorized users. The remote repository is created by one user and 
files are added to it when pushed from local repositories. The local repository is 
the client located repository that is worked on by a single user. The local reposi-
tory can either be created from scratch at local level (when starting a new pro-
ject) or cloned from the remote repository (when continuing on an existing pro-
ject). The work is performed at local level and new files and changed files are 
then pushed to the remote repository when ready to be shared with other users. 

 
Figure 5: Decentralized file sharing 

 

Commits 

A commit can be compared to a snapshot of the current state of the project in 
that repository. The user choses when to save these snapshots and can attach 
messages or tags to them. A commit message is generally used to give a short 
summary of the changes since last commit. A commit tag can be added to a spe-
cific commit marking that commit as being especially important. Typically this 
is used to mark release points. 

Branching and merging 

A branch is track along which development continues. The first branch is called 
“master” and branching out from master allows development to be performed in 
simultaneous side tracks. The main benefit of branching is that development 
targeting a special feature or bug fix to be collected in the same branch and 
handled separately until it is ready to be part of main development. A branch 
other than master contains code that has been diverged from the main develop-
ment track. 

Merging is the action where a branch is reconciled with another; often with the 
master when the feature or bug the branch was targeting is developed to a de-
gree where it is ready to be part of main development. Merging is initiated 
manually but the merging of the files, i.e. what parts of what files should be 
used to constitute the new files, is solved automatically as long as no new addi-



A new approach for medical device product documentation 
Elisabet Hamnede                                                                           2017-05-21 
 

11 

tions collide with one another. A merge conflict can occur if the same area of 
the same file has been edited in both branches that are to be merged and this has 
to be solved manually. 

 
Figure 6: Branching and merging 

 

Git commands 

Add - A command to add files that are kept in the same folder as the local re-
pository to that repository. 

Status - A command to show the user the status of the files in the repository and 
the folder where the repository is placed compared with latest commit in that 
branch. Will only show which files that have changed and not how. 

Diff - A command to show in detail how files have changed between the current 
state of the repository and one specific commit or between two different com-
mits (Chacon & Straub, 2014). 

File types 

A text file is a computer file that only contains text and has no special format-
ting or images. The ASCII character set is the most common format for Eng-
lish-language text files. A binary file is a computer file that is not a text file. Bi-
nary file formats contain formatting information in binary form that is specific 
for the file type in question (http://opentechschool.github.io/python-data-
intro/core/text-files.html). 

Git can store any kind of file but is developed for tracking text files. This means 
that commands such as merge and diff can’t be guaranteed to work to its full 
extent with binary files. An attempt to perform git diff command on a file that 
git isn’t able to analyze renders the result “Binary file” instead of a list of dif-
ferences (Chacon & Straub, 2014). 

 



A new approach for medical device product documentation 
Elisabet Hamnede                                                                           2017-05-21 
 

12 

2.4 PDM – SCM integration 
This section will introduce the different approaches for PDM and SCM integra-
tion in further detail. 

 

2.4.1 System comparison 
The biggest similarity between the two systems types is that both specify prod-
uct definitions with their documents. The physical properties of products, or the 
source codes for programs, are examples of these specified product definitions. 
The two system types differ when it comes to meta data management for hard-
ware parts compared to software items. Also, only SCM supports source code 
comparison between different versions of items and branch/merge operations 
for managing version items. 

 
Figure 7: Differences in system structure 

 

PDM manages detailed meta data with the product objects and attaches docu-
ment as associated objects. SCM on the other hand directly manages source 
code in document objects without the objects for meta data used by PDM. 
These differences in use of meta data makes an integration between the system 
types difficult. The amount of meta data for version items, in SCM, is not suffi-
cient enough to manage the development of complex, software intensive hard-
ware products, which is the main functionality of a PDM system (Do & Chae, 
2011). 

SCM supports branch/merge operations on its source code but few PDM sys-
tems support similar operations on their documents. Source code comparison is 
another functionality crucial to SCM but generally lacking in PDM. 

Both PDM and SCM represent their product structures with relationships 
among different hardware products or software items. Also, they both specify 
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product configurations. The models for making product structures are however 
not identical between the two system types. PDM typically handles product 
configuration as combinations of predefined product modules, usually modules 
that are standardized a cross an organization and sometimes shared with other 
departments. As such, these modules perform as standard information units for 
communication in the organization. SCM on the other hand has not needed such 
an advances approach in order to build product configuration, it simply selects 
version items directly, without the configuration modules. The different levels 
of moduling makes it difficult to integrate the two system types (Do & Chae, 
2011). 

PDM generally relies on more expressive product data models than SCM but 
instead it lacks functionalities crucial to software development. 

 

2.4.2 Approaches for integration 
PDM and SCM are both complex systems based on several crucial components. 
The different approaches for integration have focused on different component 
as the main focus for this integration. 

Crnkevic et al. (2001) consider integrated product data models to be a critical 
factor for the successful PDM and SCM integration. Their example introduced 
the representation of meta data for software version items to enable the 
integration.  

Dahlqvist et al. (2001) proposed an integrated product structure model which 
includes hardware and software products. However, product configurations and 
engineering changes are not taken into account. Both need consistent product 
data across the hardware and software products.  

Krebs et al. (2005) provides an integrated product configuration model that in-
cludes both hardware and software components. Their proposed rule based 
product configuration model enables customers to specify their own product 
configurations of both hardware and software products. However their research 
focuses primarily on the product configuration management which is only one 
part of the PDM and SCM integration. It does not deal with representation of 
meta data, version operations for source codes, sharing product data model, 
product configuration management and engineering change management (Do & 
Chae, 2011).  

El-Khoury (2005) focuses on the model-based approach that allows for 
integration of various engineering tools for hardware and software development. 
It also introduces a commercial PLM system in order to integrate PDM and 
SCM. However, they postponed the implementation of SCM operations for 
version items, in the integrated environment, to the future work, a decision that 
until solved renders the approach useless to software development. 

Commercial PLM systems provide interfaces to commercial SCM systems in 
order to achieve the integration. They provide special types of data objects that 
can interface to version items in the target SCM. However, their approach 
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builds on management of independent PDM and SCM databases with heteroge-
neous applications which are interfaced to one another. These interfaces can 
cause data mismatches in the two independent databases, thus providing hard-
ware and software engineers with heterogeneous user environments (Do & 
Chae, 2011).  

Do & Chae (2011) proposes an architecture that can manage integrated hard-
ware and software products for product configurations and engineering changes. 
Since both product configurations and engineering changes are in need of con-
sistent product data across the hardware and software products, it extends the 
existing product data model for PDM in order to integrate SCM operations such 
as version control and branch/merge. 

Focusing on all existing aspects of both PDM and SCM systems renders even 
more complex product architecture, and thus even more complex product, than 
either of the two systems alone. Focusing on one key aspect for integration can 
create a system that is less complex to learn and to work with but instead lacks 
functionality. However, complete functionality does not have to be a key issue 
for all organizations (Waldenmeyer & Hartman, 2013). Focusing on one key 
aspect has however favoured PDM aspects such as complex meta data over 
SCM aspects such as source code comparison. 

 

2.5 Medical device regulations 
This section will give a summary of the medical device regulations that have 
been taken into account for this study.  

 

2.5.1 Swedish Medical Products Agency 
MPA is an agency under the Swedish Ministry of Social Affairs with the mis-
sion to promote the Swedish public health. MPA is responsible for supervision 
of manufacturers and devices in the medical field. The term medical device re-
fers to any product intended for use in all areas of health care, ranging from 
patches and syringes to pumps for drug delivery, tools for expiratory supervi-
sion and pacemakers. 

The Swedish regulations for medical devises are based on EU-directives and 
the manufacturer shall in their technical documentation be able to report the re-
sult of risk analysis and motivated design solutions chosen in order to meet the 
regulations (www.lakemedelsverket.se/) 

 

2.5.2 EN ISO 13485:2016 
ISO 13485 is an international standard aiming to facilitate compliance with 
medical regulatory demands by specifying requirements for quality manage-
ment system that can be used by an organization involved in one or more stages 
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of the life-cycle of a medical device. It is an independent standard but based on 
ISO 9001:2015. 

Requirements for document control include that documents, both new and 
changed ones, are to be reviewed and approved before publication, that status 
and revision of a document can be identified, that relevant version of a docu-
ment is accessible for usage and that both usage of outdated versions and loss of 
documents is prevented. 

Requirements for record control include identification, safe storage, archiving, 
protection of confidential health information, possible identification of changes 
to a record and that product specific records shall be kept for the duration of the 
life time of the medical device as defined by the organization, minimum of two 
years after product release (SS-EN ISO, 2016). 

 

2.6 Case study Company 
This section will introduce the company where the case study for this research 
has been conducted. 

 

2.6.1 NEP 
The chosen case study is NEP, an electronics development company with less 
than 20 employees with an aim for robust design solutions and tight cooperation 
for their customer. The business strategy is attractive to product owner compa-
nies both within the SME sector and the medical device sector making high 
quality but inexpensive documentation a key issue for NEP. 

Except for source code the specifications made during design phase are of the 
following types: 

 Electrical schema made in Cadence. 

 PCB layout made in Cadence. 

 3D presentation of assembly made in SolidWorks. 

 Instructions made in Word. 

 Bill of material made in Excel. 

 

All the specifications are binary files of different sorts. When released, those 
specifications that will be sent to customer or used in printed form within the 
company are printed to .pdf to enable all users to access them. This also is a bi-
nary file format. 
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3 Methodology  
Methodology refers to the scientific approach towards the intended topic and 
how the subject is dealt with. The methodology affects and permeates the entire 
research and it is crucial that the chosen method is suitable for the research 
questions and material that’s available on the subject. 

Quantitative methods are of a numerical sort who handles data that can be 
translated into exact numbers and analysed statistically. Qualitative methods are 
not, the data can’t be translated into exact numbers but has to be handled in a 
less structured manner. The analysis relies more on interpretation and descrip-
tion (Holme & Solvang, 1997). Therefore quantities methods are suited for 
studies where there is a large set of homogenous data to be analyzed while qual-
itative methods are better suited for areas where the phenomenon to be studied 
is still relatively unknown (Björkqvist, 2012). For this study, where there is no 
earlier material to build on, the data cannot be relied upon to be homogenous or 
large. This study will take a predominantly qualitative approach and the meth-
ods had to be chosen accordingly. Classification and quantification are primari-
ly quantitative methods and would not be useful. Testing a hypothesis or build-
ing a model could have been useful had the research questions been focused on 
a predetermined way of using Git, but that was not the case here. Instead the 
questions are of a explorative and comparative nature and are best answered by 
a combination of description, case study and comparison. 

Data collection technique refers to the way in which the researcher collects the 
material to describe and make conclusions from. There are several different 
techniques available. For this study the challenge was the lack of earlier materi-
al to work with. Literature review is a useful technique when the data can be 
collected from written sources, but that was not the case here. Interviews and 
polls are useful when the data can be collected by asking people with experi-
ence on the subject, but that was not the case either since no one with experi-
ence in this particular field could be found. In order to gather the data needed it 
first had to be generated during a staged experiment that could be observed and 
documented. Therefore the best technique to use is participant observation. 

 

3.1 Description 
Description is a fairly basic method where the researcher accounts for details 
and connections in the area to be described. Description is itself empirical but 
the investigation may be initiated for evaluating reasons (Ejvegård, 2003). 

In this study description will be used to account for revision control of hard-
ware documents in manual systems in order to be able to compare these with 
the experiments conducted with VCS. The method will not be used to answer 
any of the research questions on its own but will together with the case study 
provide material for the comparison method. 
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3.2 Case study 
The case study is a commonly used method in several scientific disciplines. Its 
purpose is to take a small part of a big process and by the study of the smaller 
part gain a better understanding of the process as a whole. Since only a smaller 
part of the process has been studied the conclusions can’t be taken as evidence 
but as rather as indices or suggestions of what is possible (Ejvegård, 2003). 

In this thesis the case study will be the main focus of the research. It will be 
used to answer the first research questions; how hardware specifications can be 
stored in GitLab, as well as the forth question; to what extent this method for 
storage can meet medical regulatory demands. The case study will also provide 
material for the comparison method.   

The case study will be divided into two phases. In phase one the focus will be 
on searching for and testing different special made solutions for the document 
types used in the case study company. The conclusions made from this will be 
used to evaluate what storage options will then be used in the second phase. The 
second phase will focus on testing the chosen storage solutions in an actual de-
velopment project. The conclusion made from this will not only regard the 
technical solutions as such but also how they can be used by the company in 
question. During this phase the existing manual system will also be documented. 

 

3.3 Comparison 
Comparison is a scientific method used when two or more alternatives are to be 
compared with one another. Due to the difficulties of finding comparable units 
between alternatives the method has to be used with caution. It is important that: 

 The units used have to be comparable or they have to be transformed into 
comparable units. 

 The alternatives have to be generalized to focus on the entities that are to 
be compared. 

 Similarities as well as differences have to be described. 

In this study comparison will be used in order to evaluate the results of the ex-
perimental case study with the description of revision control in PDM-systems 
and manual systems. It will be used to answer the second and third research 
question; how revision handling in GitLab compares to that of a standard PDM-
system and to that off existing manual system. 
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3.4 Participant observation 
Participant observation is a data collection technique when the researcher de-
scribes a phenomenon or a process she participates in or an organization she has 
insight into. The advantage of participant observation is the possibility of depth 
analysis and true understanding of different stages and events. One disad-
vantage is that the outcome of the studied process can’t be known in advance 
and there is a risk that the researcher in retrospect might find that no greater in-
sight was gained. Because participant observation is very time consuming and 
the final phase of the research may not be so useful, so it fits best in long-term 
projects that extend over a year or more and it is difficult to obtain materials 
about otherwise (Ejvegård, 2003). 

This study targets an area that has not been subjected to a vast amount of re-
search which means that written material is difficult to obtain, both in the scien-
tific world and in the industrial. Due to this participant observation is chosen in 
spite of it usually being a time consuming technique. The case study to be ob-
served is not a constantly ongoing process but a staged experiment and can 
therefore be planed and limited in order to maintain a possible time frame. 

 

3.5 Method criticism 
In order to reach a scientifically useful result certain special aspects must be 
considered regarding the method and techniques used. If these demands are not 
met with the research result can’t be considered to have any scientific value 
(Ejvegård, 2003). 

 

3.5.1 Reliability 
Reliability indicates the reliability and usability of the chosen measuring device 
and measurement units which is something to be cautious about in all sciences. 
Since the measuring instrument is often constructed by the researcher in ques-
tion, such as questionnaire or interview questions, there is a risk that the meas-
uring instrument reliability becomes low. An instrument that is stable and gives 
repeatable results is considered reliable. The reliability of a quantitative meas-
urement can be ensured either by comparative test with an equivalent instru-
ment or by retesting the same individual with the same instrument. In both cas-
es the smaller the difference between the two measurements the higher the reli-
ability. Qualitative methods are generally more complicated than quantitative 
when it comes to ensuring reliability but comparative testing and retesting can 
still be considered good guidelines (Ejvegård, 2003). 

For this study the measuring device is entirely dependent on the researcher in 
question, since the data collection will be done by participant observation and 
no relevant literature on this particular area has been found to compare with. In 
order to achieve as good reliability as possible all tests of special solutions have 
either been complemented by comparative test or retest. Comparative test has 
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been made either with different mock up documents or with mock up document 
and a real specification. Retesting has been made with the same mock up doc-
ument. The chosen case study has been made with both mock up documents 
and real specifications. 

Also the results of the study have been continuously discussed with the in-
volved staff at the case study company in order to find and eliminate eventual 
bias on the researcher’s side. 

 

3.5.2 Validity 
Validity indicates that the research method and technique actually measures 
what it is intended to measure. The key is to properly understand the units 
measured and to use them consistently (Ejvegård, 2003). 

As with all case studies this one focuses on a small part in order to suggest what 
might be applicable for a larger population. In this case the study is performed 
on one company and one system in order to try if the system can achieve a level 
of control and usability that is acceptable to this particular company. The results 
cannot be assumed to be valid for all SME; there are too many variables to how 
a company functions. The analysis of the results will however take a more gen-
eral perspective in order to reach conclusions that can be valid for the SME sec-
tor as a whole. 
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4 Results 
This results section will be divided into three parts, the first part describes the 
manual system for document revision control currently in place, the second part 
reports on the practical experiments conducted to evaluate GitLab as a potential 
new revision control system and the third makes a comparison summary be-
tween the three system types of the study. 

 

4.1 Existing manual system 
Unique document numbering 

Unique document numbering is achieved through a basic number generator that 
creates a document number based on generic prefix, date, document type and 
serial number. In order to receive a number the user has to add information to 
the system, which project the document belongs to and a short description. It is 
possible to postpone the creation of a document number until the first draft is 
ready for release stage which means that any saved iterations of the first draft 
has to be manually named with the number retroactively if they are to be cor-
rectly marked. 

The marking of the document with the number is made in the document head 
and sometimes in the naming of the file but it is not uncommon that the files are 
named in a more descriptive manner. 

Storage 

All development is project based and for each project there is a folder with 
standardized named subfolders where all the files are kept. Every released ver-
sion of a document is stored as a single file and whether iterations of the “in 
work” document are kept is a matter of personal choice of the developer in 
question. When the saved versions of a file become numerous enough to make 
it difficult to find the right version it is common to create an “Old” folder where 
the where the versions kept for traceability are kept. 

The folders are kept on a server hard drive where backup is performed regularly. 

Document status and revision 

The status and revision of a document is handled in the number generator and 
marked out in the document head before the document is printed to .pdf, the 
revision usually in the naming of the file and the .pdf file. The status of a creat-
ed document number is always “in work” until manually changed to released 
and the revision automatically follows the status so that if a document of “re-
leased” status is changed the revision is raised by one. Since the number gen-
erator is independent both from the program where the files are generated and 
the file manager where they are stored it is however possible to change the in-
formation in the document head but not in the system resulting in the system 
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information being incorrect. It is not uncommon that the document is updated 
more frequently during development and the system is updated before the 
whole project is released. 

 
Figure 8: manual system components 

 

Operator traceability and access 

The number generator uses personal log-in so creation of number as well as 
changes to status and revision has the information about when and who attached 
to them in a manner that is easy to find for any operator. 

All parts of the server hard drive are open to all employees but even with the 
standardized subfolders finding a document created by another developer takes 
some time and based on the number of iterations and revision saved it is not 
always clear which file should be used. It is common practice to double check 
with the colleague in question in order make sure the right version of a file is 
used. 

 

4.2 GitLab usage 
The part on GitLab usage is divided into two sub parts, the first sub part reports 
on attempts to find special made solutions for these specific programs or file 
types enabling more Git functionality than basic storage of binary files. The 
second subpart reports on how the possible solutions are used in this specific 
case study. 

 

4.2.1 Evaluating special made solutions 
Cadance documents 

For Cadence documents one possible option for full Git integration was found 
for evaluation. It’s an open source software designed especially for the integra-
tion of Git with Cadence, CdsGit (https://github.com/cdsgit/cdsgit). Several Git 
features seem to be successfully integrated to the point where they can be ac-
cessed by dropdown menus in Cadence which is positive from a user perspec-
tive. Diff and Merge functionality is however not developed to a point where 
they can be used for both schemas and layouts which is too much of a drawback 
for the option to be further tested. 
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SolidWorks documents 

For SolidWorks no special made solutions could be found. 

Word documents 

.docx is a binary file format even though a large part of the file can be presented 
as text. The first option evaluated was to convert the binary .docx file to a text 
file in Markdown which is a markup language with plain text formatting syntax 
designed to be easy-to-read and easy-to-write 
(http://daringfireball.net/projects/markdown/). There are several Markdown edi-
tors on the market but favoring user-friendliness the choice fell on Writage 
(http://www.writage.com/) which is a plugin enabling the user to work in Mi-
crosoft Word and directly save the file as .md instead of .docx. Once converted 
to .md Git could be used to its full extent and all commands usable for source 
code can be used in the exact same manner for instructions. 

Testing of the concept however showed a few flaws. The file was not unaltered 
once it had been converted, pushed to the remote repository and cloned to a lo-
cal repository at another location. The font was changed, all headlines were the 
same size, underlines and colors were removed and, most importantly of all, 
included pictures were lost. Since instructions rely heavily on pictures and edu-
cational layout this was not deemed good enough. 

The second option was to store the .docx file directly without any conversion. A 
blog on the subject 
(http://geekswithblogs.net/mapfel/archive/2015/06/24/165317.aspx) had sug-
gested that Git would be able to perform diff and merge on .docx files in spite 
of them being in binary format. 

Testing the concept showed mainly positive results. All forms of textual con-
tents, even empty lines, were tracked as though they were a text file, enabling 
full usage of commands such as diff and merge. Changes in layout such as add-
ing color or bold text could be tracked as being a difference but not detailed as 
to what the difference was. Adding and removing pictures could also be tracked 
as a difference but not detailed. For these aspects diff and merge could not be 
equally useful. The document was not altered in any way when being pushed to 
the remove repository and cloned elsewhere. 

Excel documents 

.xlsx is a binary file format but it is based on zipped up directories of XML-files, 
which in turn are text files (https://msdn.microsoft.com/en-
us/library/dd922181%28v=office.12%29.aspx). 

The first option evaluated was to handle the .xlsx file as a collection of text files 
and thus take full advantage of the capabilities of Git. This can be done by al-
ways unzipping the file before placing it in the repository and then zipping it 
again before being able to work on it. This does however require several manu-
al steps and full understanding of the file formats and the zipping process, 
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knowledge that is not generally part of the hardware development world, so this 
method was not considered user-friendly enough and no test was performed. 

The second option for evaluation is a plug-in designed for excel 
(https://xltools.net/excel-version-control/), enabling committing and diffing di-
rectly from a menu in excel but not handling any branches except master. Dur-
ing testing in turned out that the local git-repository generated by the plug-in 
could not be made to communicate with a remote repository at GitLab. 

Basic storage 

When using Git without any special made plug-ins for specific programs the 
usage of it will be very similar to how most software developers use it, from the 
file manager program by means of an interface. There are many interfaces 
available, both command line interfaces (CLI) and graphical interfaces (GUI), 
several of them are free open source. 

As previously stated storing of a binary file does not allow for usage of the 
more advanced Git functionalities that depend on Git being able to understand 
changes made to a file. Since branching strategy builds heavily upon these 
functionalities branching out a binary file from master seems an obvious risk.  

 
Figure 9: Storage without branching 

 

Without branching as a part of normal practice the important commands will be 
Commit, Push, Pull and Clone. The task was then to find an interface where 
these commands could be executed in a user friendly way as possible. The 
choice fell upon Tortoise Git (https://tortoisegit.org/), which is a plug-in to 
Windows file manager, enabling the user to make the commands by right click-
ing in the folder and choosing from the normal file manager menu. 

 

4.2.2 Case study 
Avoiding Merge conflicts 
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Hardware developer have the same need as software developers for collabora-
tion on the same file or file package and since Git is a decentralized VCS there 
is no way for a developer to see from the remote repository if a colleague has a 
local repository where changes have been made. So without any kind of collab-
oration strategy the risk for merge conflict is still there. During this experiment 
the problem was solved by a hybrid with the old manual system. Instead of 
placing the local repository with the files to be worked on in a user specific 
folder it is placed in one of the standardized folder in the project folder where it 
is possible for all employees to see if someone is just then working on it, to 
continue work themselves and to commit and push the changed files to remove 
repository for storage. 

 
Figure 10: Case study collaboration strategy 

 

Choosing repository strategy 

Before storage was attempted on a real product there had to be a strategic deci-
sion on how to use the repositories, would one repository correlate to one prod-
uct and store all documents for that product or would one repository correlate to 
one document storing only that one? The first option would make it easy to find 
all relevant specifications and see what revisions and iterations of the different 
parts that belonged together, i.e. were stored in the same commit. By using tags 
to certain commits it could mark released revisions or baselines for the whole 
product. But without branching there would be no way to keep commits for dif-
ferent documents separated from one another and they would all end up in one 
long chronological line where it would be very difficult to find commit com-
ments referring to one specific document. 

The second option, to keep separate repositories for separate documents, would 
enable a very clear revision history for each document but would not keep the 
documents together in the same obvious way as the first option. It would how-
ever make it possible to name the repository exactly as the document number of 
the document it referred to and the commits and tags could be used to mark re-
vision or iteration and status of that document. That could render the independ-
ent number generator obsolete. 

Figure 11 shows the two different repository strategies. The left side shown the 
product repository strategy. Here all commits are in one chronological line and 
the comment has to state which document they refer to. The right side shows 
the document repository strategy. Here commits for different documents are 
separated into individual chronological lines. The commit messages would not 
have to state which document they refer to. That’s added in the figure to better 
visualize the different strategies.  
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Figure 11: Different repository strategies 

 

For a medical device it is important both to keep control of a total product revi-
sion and a detailed development history of the different parts but there is a 
slight difference as to when the two are important. Once the product has 
reached the marked it is crucial that the manufacturer can say exactly what revi-
sion is sold when and what revision of parts it is made up from. During devel-
opment however, when the documentation will be used to be allowed to place 
the product on the market, it is crucial to be able to show how potential risk has 
been handled during development of all the different parts that constitute the 
device. 

This particular case study evolves around the development phase and the strate-
gic decisions will be made accordingly, so one repository represents one docu-
ment, the commits will be used to get easy iteration history and tags will be 
used to mark document status and revision.             

Document and repository naming 

With one repository representing one unique specification the naming of the 
repository can be used as the document number. Since no two repositories on 
the same server can have the same name the uniqueness of the name will be 
guaranteed. The name has to be assigned manually and for the experiment we 
created a document number based of external customer name, project name, 
date, document type and a serial number. Together which the read me for the 
repository this makes it easy for all operators to find the repository in question 
and also to understand which repositories belong to the same project and what 
type of document they contain. 

Document status and revision 

When used for software development changes to a project are handled by 
branching out. A new feature or a bug is handled in a separate branch until it is 
developed and verified to a level where it can be merged with the master branch. 
Without branching the commits will still give a good change history and show 
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the different iterations and released revisions can be marked out using tags 
which make them more visible than if the information is in the commit com-
ment only. 

 
Figure 12: Tags show released status and revision name 

 

Creating a complete product file 

After deciding that one repository should represent one specification we faced 
the task of connection all specifications to one complete product. This was done 
by creating a product repository where all the other repositories could be added. 
The solution worked well out of user perspective, all levels of the product is 
available from one source and it’s easy to click ones way to the specific docu-
ment or issue of interest. It is however not possible to connect the sub reposito-
ries in such a way so that it points out which commits (i.e. iterations and revi-
sions) belong to a certain iteration of the product repository. 

 
Figure 13: gathering document repositories in a product repository 

 

Issues 

A useful function in GitLab is the possibility of creating Issues. This was not 
tested to any great extent during the experiment but they are commonly used to 
report bugs and make change requests to a project and this can be used for 
hardware specifications in the same manner as for software development. 
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4.3 Comparison summary 
  PDM GitLab Manual 
Storage Central database, 

automatic handling 
Web based database, 
manual start, auto-
matic continuation 

Shared hard drive, 
manual handling 

Document 
numbering 

Automatic Manual naming, doc-
uments can't be 
stored without prop-
er name 

Manual naming, 
naming independent 
of storage 

Revision han-
dling 

Automatic revision 
handling, iterations 
not stored 

Iterations automati-
cally stored, revisions 
manually marked out 

Manual storage, 
manual marking, risk 
for loss of revisions 

Configuration 
management 

Detailed product 
trees 

Projects or reposito-
ries in repositories 
can be used to 
achieve a basic level 

No 

Change man-
agement 

Build into system Issues functionality 
can be used 

  

Access Individual user log-in Individual user log-in All users 
User traceabil-
ity 

Actions can be traced 
to specific user 

Actions can be traced 
to specific user 

No 

Tasks / com-
munication 

Build into system Issues functionality 
can be used 

No 

Part classifica-
tion 

Build into system No No 

Table 1: Comparison between PDM system, GitLab and existing manual system 
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5 Discussion 
In this chapter the results are discussed and compared with the theoretical 
framework for the study. The chapter is divided into five sections, one for each 
research question. 

 

How can hardware specifications such as drawings, cad-files and build instruc-
tions be stored and controlled in GitLab? 

The experiments show that there are solutions available that are made to make 
Git functions work with specific binary files, especially in the open source 
community. But when tested they all lacked in some respect, either not all func-
tionality was implemented or reliable enough or they were not deemed useful. It 
is however really interesting so see how many different solutions that were 
available just for the file types tested in this experiment. The open source com-
munity has proven itself very capable when it comes to development of version 
control tools (Spinellis, 2005 ; Spinellis 2012) and keeping in mind the contin-
uous increase of products with embedded software (Hopf & Ovtcharova, 2013) 
it is not unlikely that more mature solutions for different binary files will reach 
the market within a few years. 

The experiments also showed that storing binary files without Git functionality 
enabled by some special solution is possible and quite useful. Even if the files 
can’t be compared in the same manner as a text file can the advantage of ittera-
tive and commented versions can still be used. 

 

How does revision handling of such documents in GitLab compare to that of a 
standard PDM-system? 

Many of the functions that constitute a basic PDM-system are available in 
GitLab as well. There is the focus on individual naming, of control over revi-
sions and the possibility of communication around the specifications stored in 
the system. What GitLab completely lacks in comparison to PDM is the focus 
on handling of parts. In GitLab the specifications are documents but in a PDM-
system they are presentations of different parts and the tools for handling them 
take this into consideration, When a product structure is created it shows not 
only which parts a product consists of but also how many of each part. This is 
of great help to a person who is going to purchase material for the product or 
build it. The parts can also be classified into categorizes that enables a search 
ability that is helpful for a developer who wants to know if older parts can be 
reused for a new product, or a purchaser who wants to send all mechanic speci-
fications to a possible new supplier. 
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But this complexity is also what makes PDM-system both expensive and time 
consuming to learn, something we know is problematic for SME (Waldenmeyer 
& Hartman, 2013). The usage of Git in the software development community 
has almost exploded (Spinellis, 2012) and this would not have happened had it 
not been an easy system to learn. For a company with only a few products that 
are continuously developed or a company that develops for others and reuse of 
components is not an issue many of the PDM-functionalities are never fully 
used. The fact that GitLab has less functionality than a basic PDM-system can 
be both a drawback and an advantage depending on the needs of the SME. 

The key issue in using GitLab as a substitute for a PDM-system is probably the 
decentralized management which, with binary files that can’t be diffed or 
merged, has to be handled by some sort of collaboration strategy within the or-
ganization. Depending on how well this strategy fits with the organization as a 
whole GitLab can either be very useful or rather risky to use. 

 

How does revision handling of such documents in GitLab compare to that of a 
company that’s has not implemented a PDM-system? 

Compared with the old manual system one big difference is the system support 
for storage and unique naming of saved iterations and the change history that is 
built in by the commit comments. Having the document control as part of the 
storage instead of an independent system helps the developers use it continu-
ously instead of having the risk that is handled as one of the things that has to 
be fixed before the project is done. 

There is also an advantageous difference in how the documents are stored, the 
“read me” that belongs to every repository helps users find the right repositories 
and with the history handled in the system the older versions of a file don’t take 
up space in the folder and can’t confuse any user looking for the current file. 

From a medical regulatory point of view the possibility to create issues con-
nected to specific documents is a huge advantage as this enables the developer 
to document risk analysis throughout the development cycle, thus avoiding the 
time and cost associated with documentation in retrospect. As Romer & Stuyt 
(2007) points out as an important aspect of successful medical device develop-
ment. 

But the drawback is, as when compared to a PDM-system, the switch from a 
centralized management to decentralized without being able to utilize the tools 
that make this an advantage. 

 

To what extent can the documentation and revision control possible in GitLab 
meet the demands of regulatory standards for medical devices? 
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Two key issues for meeting regulatory demands for medical devices are good 
document control and risk management. 

With the continuous saving of iterations throughout development, the comments 
connected to every commit of the repository and only the latest version of the 
documents up front GitLab is an excellent tool for keeping good document con-
trol. With binary files, where all Git functionalities can’t be used, the system 
will however not be better than the usage of it and the collaboration strategy of 
the company in question.  

During this experiment branching was completely unused but this was a matter 
of choice based on the risk detected in this company at this time. Branching is 
not forbidden or impossible when it comes to binary files, it just creates parallel 
versions of a repository and the documents in it that Git functions can’t be used 
to sort out. But if a company’s way of working fits with this branching out for 
new development and merging back after verification it could be used in same 
manner as it is done with software, giving an even better control of document 
status and history. 

The configuration management could also be improved by allowing usage of 
branching. If the repository represents the complete product, separate braches 
can be made for each individual document. Master branch would represent the 
releases at product level and the other branches keep the iteration history for the 
different documents. The document number could be represented by the name 
of the branch instead of the name of the repository. For the configuration man-
agement to handle the complete product this would however have to include the 
software development into the same repository as all the other documents and 
this would go against common practice for software development where one 
repository is one part. Testing this approach would be a more extensive experi-
ment than the one for this study. 

However, the configuration management becomes more critical as the medical 
device reaches its marked and is implemented with users, and by then the most 
intense development phase of the product should be over. After all, that is what 
the regulatory demands are about; preventing devices from reaching the marked 
before they are proven stable enough. Maybe iteration history and compiling 
the technical file continuously during development are more important than 
making every effort to having the configuration management work automatical-
ly. The manual effort needed in marking out certain commits with tags could 
also be used as a verification of second person audit or some other toll gate of 
the quality assurance. 

Continuous risk management can easily be documented in a combination of is-
sues, commit comments and extra documents, such as test reports, connected to 
the commits where they are relevant. 
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6 Conclusions 
This chapter states the conclusions made from the study. 

How can hardware specifications such as drawings, cad-files and build in-
structions be stored and controlled in GitLab? 

Hardware specifications can be stored in GitLab in the same iterative manner as 
software but mainly as binary files with no or very limited possibility to use the 
more powerful Git functions. Even though there are special made solutions for 
a lot of different file types to be found within the open source community the 
ones tested in this experiment all lacked in some respect, functionality, usability 
or reliability. 

How does revision handling of such documents in GitLab compare to that of a 
standard PDM-system? 

GitLab offers the same level of revision control and communication around the 
specifications as a PDM system. It also offers an iteration history that is not 
available in a general PDM-system. Instead it lacks the handling of components 
as parts, the classification of them that enables search ability and the detailed 
product structure. Being decentralized but not being able to use its merge func-
tionality also means that it lacks the automatic collaboration management that a 
PDM system offers.  

How does revision handling of such documents in GitLab compare to that of a 
company that’s has not implemented a PDM-system? 

GitLab offers a well-structured iteration history of a document. It enables com-
ments by the developer to be connected to the different iterations and to the re-
pository. It also enables other users to communicate bugs, risks and improve-
ment suggestions by using issues. All of these are advantages compared with 
the existing manual system. Being decentralized it does however need a collab-
oration strategy that the shared hard drive of the manual system does not de-
mand. 

To what extent can the documentation and revision control possible in GitLab 
meet the demands of regulatory standards for medical devices? 

The commented iteration history makes a good document control on document 
level. Different solutions with branching or repositories in repositories can be 
used to ensure configuration management. Not being able to use full Git func-
tionality the organization instead needs a collaboration strategy that ensures the 
decentralized approach does not create problems. However, developing for the 
medical sector relies on regulated practices and if these practices can be made 
to fit with the capabilities of GitLab the system will be of good use for medical 
device documentation. 
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7 Social and ethical considerations 
As a researcher, one must constantly review one’s own work and with critical 
eyes consider what implications the research might have, not only for the field 
in which the research is conducted but also from an ethical and social perspec-
tive. The medical sector is one of high ethical and social importance, a patient 
seeking medical help is already in a vulnerable position and it is critical that 
devices used for examination and treatment function as little smoothly as possi-
ble in order not to make the patients situation even harder. Therefore it is crucial 
that devises are developed under good regulation. But it is also crucial that the 
regulations are not so difficult to work with that development doesn’t take place 
at all. An undeveloped device will cause no risk that is granted, but nor will it 
be of any help for the patient in need of treatment. For those reasons I find it 
important from both a societal and an ethical point of view to conduct research 
in the medical development sector, asking questions on how development can 
be made both safe and efficient in order to convert medical devices ideas into 
safely working equipment used for patient examination and treatment. 
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8 Future research 
As with all case studies this one has been able to evaluate only a small portion 
of the options available to SME within the development sector and many other 
perspectives would be interesting to investigate. 

One perspective that was in the original plan for this study was the usability as-
pect, whether hardware developers find Git as user-friendly as software devel-
opers do. The time frame for the perspective was however too short to be able 
to include this perspective as well as the others. A researcher who wants to 
study the usability should probably make this the prime focus of the study. 

Git is based on decentralized principles which have to be handled by the com-
pany way of working in order to not create more problems than gain. There are 
also VCS build on centralized principles on the market ad it would be interest-
ing to perform a similar experiment using one of those. 

As this study has shown there are special made solutions for binary files availa-
ble in the open source community but neither of the ones tested here was 
deemed mature enough to be used for development of medical devices. Adding 
a scientific approach to the development of one of these projects might render 
good insight into why the currently available solutions have not succeeded and 
hopefully suggest improvements that could lead to more useful tools in the fu-
ture. 

This study suggests that using software VCS for other file types than it was 
originally intended may be a useful approach to a SME that can match the 
drawbacks and advantages of the system with the working ways of the company. 
SME’s are generally described as more flexible and higher adaptability than 
larger companies (Harrigan et al., 2009). It would be interesting to study if this 
affects their choices of software tools, what kind of tools are typically chosen 
and to what extent the usage of them is modified in order to match the SME. 

 



A new approach for medical device product documentation 
Elisabet Hamnede                                                                           2017-05-21 
 

34 

9 References 
Apfel M “Using Git for versioning of Word (doc/docx) documents” 
http://geekswithblogs.net/mapfel/archive/2015/06/24/165317.aspx retrieved 
2017-02-28 

Armstrong S C (2001) “Engineering and product development – The holistic 
approach” Cambridge university press, Cambridge 

Binas M (2013) “Version Control System in CS1 course: Practical experi-
ence“ IEEE 11th International Conference on Emerging eLearning Technolo-
gies and Applications, Oct. 2013, pp.23-28 

Björkqvist K (2012) ”Introduktion till vetenskapsteori och forskningsmetodik 
för beteendevetenskaper” Lund: Studentlitteratur. 

Brinnen D & Nord R (2013) “En värdtjänst för mjukvaruutvecklingsprojekt 
UTVECKLING AV ETT VERKTYG FÖR ATT EFFEKTIVISERA PRO-
GRAMMERING” DEGREE PROJECT, FIRST LEVEL KTH Royal Institute of 
Technology 

Candrlic S, Pavlic, Poscic P (2007) "A Comparison and the Desireable Features 
of Version Control Tools," in 29th International Conference on Information 
Technology Interfaces, Cavtat. 

Cdsgit “Cadence Virtuoso Git Integration written in SKILL++” 
https://github.com/cdsgit/cdsgit retrieved 2017-03-10 

Chacon S & Straub B (2014) ”Pro Git” Apress https://git-scm.com/book/en/v2 

Crnkovic I, Dahlkvist AP, Svensson D (2001) ”Complex systems development 
requirements - PDM and SCM integration” Proceedings Second Asia-Pacific 
Conference on Quality Software 2001, pp.427-43 

Dahlqvist AP, Ivica C, Larsson M (2001) “Managing complex systems – chal-
lenges for PDM and SCM”, in: 23th ICSE, Toronto, Canada 

Daring fireball, “Markdown” http://daringfireball.net/projects/markdown/ re-
trieved 2017-02-28 

Do N & Chae G (2011) “A Product Data Management architecture for integrat-
ing hardware and software development” Computers in Industry Volume 62, 
Issues 8–9, October–December 2011, Pages 854–863 

Ejvegård R (2003) ”Vetenskaplig metod” Lund: Studentlitteratur. 



A new approach for medical device product documentation 
Elisabet Hamnede                                                                           2017-05-21 
 

35 

El Kadiri S & Kiritsis D (2015) “Ontologies in the context of product lifecyckle 
management: state of the art literature review” International Journal of Produc-
tion Research, 53:18 5657-5668 

El-Khoury J (2005) “Model data management: towards a common solution for 
PDM/SCM systems“Proceedings of the 12th international workshop on soft-
ware configuration management, 05 September 2005, pp.17-32 

Estublier J, Favre JM Morat P (1988) “Toward SCM/PDM integration” System 
Configuration Management, SCM-8, Lecture Notes in Computer Science, No. 
1439, Springer (1988), pp. 75–94 

Harrigan P, Ramsey E, Ibbotson P, (2009) ''Investigating the e-CRM activities 
of Irish SMEs”, in Journal of small business and enterprise development,  vol. 
16, pp. 443-465,  

Haaranen L & Lehtinen T (2015) ”Teaching Git on the Side: Version Control 
System as a Course Platform” Proceedings of the 2015 ACM Conference on 
innovation and technology in computer science education, 22 June 2015, pp.87-
92 

Holme, I. M. & Solvang, B. K. (1997) ”Forskningsmetodik, Om kvalitativa och 
kvantitativa metoder” Lund: Studentlitteratur. 

Hopf M & Ovtcharova J (2013) “Integration of Virtualized Environments in 
PDM Systems for Embedded Software Product Development” Procedia CIRP 
Volume 11, 2013, Pages 346-351 2nd International Through-life Engineering 
Services Conference 

Kemper C & Oxley I (2012) “Foundation Version Control for Web Developers” 
Berkeley, CA: Apress 

Kim H, Kim HS, Lee JH, Jung JM, Lee JY, Do NC (2006) “A framework for 
sharing product information across enterprises” The International Journal of 
Advanced Manufacturing Technology, Vol 27, Issue 5, pp610-618 

Krebs T, Wolter K, Hotz L (2005) “Trends model-based configuration support 
for product derivation in software product families”, in: PuK 

Lepmets M, Clarke P, McCaffery F, Finnegan A, Dorling A (2014) “Develop-
ment of a Process Assessment Model for Medical Device Software Develop-
ment” Regulated Software Research Centre, Dundalk Institute of Technology, 
Dundalk, Ireland 

Läkemedelsverket ”Medicintekniska produkter”  
https://lakemedelsverket.se/malgrupp/Foretag/Medicinteknik/ retrieved 2017-
03-10 



A new approach for medical device product documentation 
Elisabet Hamnede                                                                           2017-05-21 
 

36 

Microsoft “[MS-XLSX]: Excel (.xlsx) Extension to the Office Open XML 
SpreadsheetML File Format” https://msdn.microsoft.com/en-
us/library/dd922181%28v=office.12%29.aspx retrieved 2017-05-08 

Miller, Ed (1998). "What is PDM" Mechanical Engineering Magazine. The 
American Society of Mechanical Engineers. Retrieved 2008-01-23. 

Neumann C, Hady S, Lentz R (2012) “Hydra Version Control System” Parallel 
and Distributed Processing with Applications (ISPA), 2012 IEEE 10th Interna-
tional Symposium on 

Open Tech School “Working With Text Files” 
http://opentechschool.github.io/python-data-intro/core/text-files.html retrieved 
2017-05-08 

Otte S (2009) (Version Control Systems” Computer Systems and Telematics; 
Institute of Computer Science Freie Universität Berlin, Germany 

Otto B (2012) “Managing the business benefits of product data management: 
the case of Festo” Journal of Enterprise Information Management, vol. 25 issue 
3, pp 272-297 

Panetto H. (2011) “ONTO-PDM: Product-driven ONTOlogy for Product Data 
Management interoperability within manufacturing process environment” Ad-
vanced Engineering Informatics, Vol. 26, Issue 2, pp 334-348 

Pressman RS (2009) “Software engineering: A Practitioners Approach” 7th edi-
tion New York: McGraw-Hill 

Roger S. Pressman (2009). “Software Engineering: A Practitioner's Approach 
(7th International ed.)” New York: McGraw-Hill. 

Romer G & Stuyt (2007) “Compiling a Medical Device File and a Proposal for 
an International Standard for Rehabilitation Robots“Rehabilitation Robotics, 
2007. ICORR 2007. IEEE 10th International Conference on 

Suciu G, Militaru TL, Todoran G (2012) “ERP and E-Business Application De-
ployment in Open Source Distributed Cloud Systems” Database Systems Jour-
nal vol. III, no.3/2012 

Shenvi AA (2010) ”Medical Software: A Regulatory Process framework” 
Philips Innovation Campus, Manyata Tech. Park, Nagavara, Bangalore 

Spinellis D (2005) “Version control systems” IEEE Software Volume: 22, Issue: 
5, Sept.-Oct. pp 108-108 

Spinellis D (2012) “Git” IEEE Software Volume: 29, Issue: 3, May-June pp 
100-101 



A new approach for medical device product documentation 
Elisabet Hamnede                                                                           2017-05-21 
 

37 

SS-EN ISO (2016) “Svensk standard SS-EN ISO 13485:2016 Medicintekniska 
produkter – Ledningssystem för kvalitet – Krav för regulatoriska ändamål (ISO 
13485:2016)” Edition: 4 

Tortoise Git “Windows Shell Interface to Git” https://tortoisegit.org/ retrieved 
2017-04-03 

Waldenmeyer K & Hartman N (2013) “Small & Medium Enterprises -Their 
Views of Product Data Management Tools“ The journal of technology studies, 
vol 39 issue 1 

Westfechel B, Conradi R (1998) “Software configuration management and en-
gineering data management: differences and similarities” SCM-8, Lecture 
Notes in Computer Science, No. 1439, Springer (1998), pp. 96–106 

Writage “Markdown plugin for Microsoft word” http://www.writage.com/ re-
trieved 2017-02-28 

XL Tools “Version Controll add-in: safely manage revision history and track 
changes in Excel spreadsheets” https://xltools.net/excel-version-control/ re-
trieved 2017-04-03 

 


