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Introduction 

The main reason for implementing a management system to 

manage access to different types of resources, such as access 

to space, tools, storage lockers, rooms and machines in the 

Schumpeter Laboratory for Innovation (SLI) at the Institute 

of Innovation and Industrial Management (IIM) at Graz Uni-

versity of Technology (TU Graz) is to increase safety levels. 

Furthermore, other reasons are to improve administrative and 

operational processes, to give users access to certain facilities, 

tools and machines and to gather user and utilization data [1]. 

A future centralized database and the connection of different 

systems via one user interface is presented within this paper 

as a solution to deal with a variety of challenges and issues 

based on missing links and interfaces to different access man-

agement systems.  

Challenges in that context identified at the SLI are e.g. admin-

istrative problems such as an automatic (intuitive) sign-in or 

sign-out to the lab and its equipment, the management of 

available storage space, management of training records, user 

data and access permissions, or to display necessary infor-

mation regarding machines in operation. These problems are 

related to technical issues such as implementing electronic 

locks to existing furniture, wardrobes or workbenches, to use 

existing resources like employee or student ID cards to get 

access to different resources or to integrate and use existing 

facility management systems at academic institutions. 

The Schumpeter Laboratory for Innovation 

On an area of more than 800 m², the laboratory provides a 

platform for the exchange of students, researchers, start-ups, 

SMEs and established industrial companies. 

The SLI offers access to the most modern infrastructure - dig-

ital production machines, extensive multimedia and commu-

nication systems - in order to support the cooperation of in-

volved actors and the resulting product and business model 

development in the best possible way. In case of the research 

project “Enforcing Innovation Across Maker, Industry & Re-

search”, new strategies for targeted cooperation of the rele-

vant key players are researched and derived. The laboratory 

regularly hosts various programs such as makerthons, innova-

tion sprints, training programs and much more. It offers op-

portunities to teach practical skills and applying them crea-

tively. Therefore, it encourages students to freely invent and 

prototype as in the course “Design Thinking and Rapid Pro-

totyping”.  

The foundation stone was laid in 2013 with the purchase of 

the first 3D printer. FabLab Graz, the forerunner of the SLI, 

was launched as the first Austrian university-based FabLab in 

2013 on an area of 80 m². In 2015 the planning process for a 

new makerspace was started. The construction work started in 

July 2017. In September 2018 the finished but empty building 

was handed over to the Institute of Innovation and Industrial 

Management. The interior work was completed by November 

2018. The official opening of the laboratory was on April, 

25th 2019. Since then, the SLI is the workplace for the work-

ing group Innovation. As shown in Fig. 1 the laboratory is di-

vided into different areas including the Fabrication Laborato-

ries I & II (FabLab I & II), the Lobby, the Office Area, meet-

ing rooms (Schumpeter & Tesla) and the DesignLab. 

 

 
Fig. 1 Layout of the Schumpeter Laboratory for Innovation 

All guests and users are welcomed at the Reception and intro-

duced to the laboratory's terms of use. At this area the regis-

tration, sign-in, and sign-out to the lab take place. The work-

places at the reception desk offer the possibility to control and 

edit all user-related data. Monitors, show the relevant infor-

mation about the laboratory, the institute, upcoming events, 

news, and information around.  

 

 
Fig. 2 Reception 

The Lobby promotes open communication and spontaneous 

meetings. The users are invited to both work and relax, as this 
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combination is crucial for the creative process and perfor-

mance. The lobby is equipped with a kitchen, coffee machine, 

snack machine, monitors free to use for students, training 

courses or to share information about the laboratory (KPIs, 

machine scheduling, etc.), relaxing sofas and bars to com-

municate and personal or rentable storage possibilities. 

 

 
Fig. 3 Lobby 

Emotional stories help innovative ideas to attract attention and 

to get funded [2]. Therefore, the Design Lab is the multifunc-

tional area and is designed for flexible use. The furniture can 

be easily modified and arranged in different settings for vari-

ous purposes such as lectures, panel discussions, creative 

work, workshops, and social interactions. Equipped with a 

multifunctional stage including a 4K LED display [10m x 

3m], surround sound, professional stage lighting, and video 

conferencing equipment, this area can accommodate up to 

150 people. Flexible settings also enable non-university use, 

e.g. for board meetings, product presentations, artist perfor-

mances, etc. By using mobile workbenches, the Design Lab 

can also be used as an extension of the FabLabs I & II.  

 

 
Fig. 4 DesignLab 

FabLab I and FabLab II offer easy-to-use and state-of-the-art 

digital production machines such as laser cutters, waterjet cut-

ters, high-resolution CNC milling machines, 3D printers of 

various technologies, a 3D scanner, a PCB printer, and elec-

tronics lab workstations. Every Thursday afternoon, the Fab-

Labs are open to the public, not just for students. The FabLabs 

are equipped with lockable workbenches to manage tools and 

machine usage, storage rooms for projects and a storage room 

for materials which is only accessible by the staff.  

 

 
Fig. 5 FabLab I  

 

Two meeting rooms, named Tesla and Schumpeter (two sci-

entists with TU Graz background), are equipped with interac-

tive touch-screen monitors and video conference systems to 

support virtual collaboration. 

 

 
Fig. 6 Meeting Room TESLA 

The locker room offers 85 electronic lockers in different sizes 

to store personal equipment, stuff, jackets and bag bags. It is 

possible to use free lockers for daily use or to rent lockers for 

a specific time period. 

 

 
Fig. 7 Electronic lockable wardrobe lockers 

User Groups 

Users are divided into three user groups (visitor, user and 

member). Each user group has to fulfill different requirements 

like the assignment of terms of use, completed trainings or 

assignment of memberships.  

A visitor is any person who enters the laboratory. Visitors are 

considered to be subject to the standard terms of use. 

A user is any person who has registered with personal data 

and has completed the mandatory basic training. In addition 

to the terms of use in the standard version, training related 

topics are included in the terms of use and the confirmation of 

the basic training is listed as an addition. 

A member is a user who has been issued a membership by the 

Institute of Innovation and Industrial Management. Various 

requirements form the basis for membership. These member-

ships could be given to start-ups or project members with the 

aim to create social or economic impact. Also, members of 

student teams like Formula SAE Racing Teams, Shell Eco 

Racing Teams or RoboCup Teams are examples for registered 

Members. Employees from the IIM like staff or student vol-

unteers and employees of industrial partners could also get a 

membership to use the facilities. It could also be received by 

students within the framework of Ph.D. theses and employees 

of other institutes of TU Graz. 

Everyone who enters the laboratory for the first time is clas-

sified as visitor. After signing the standard terms of use and 



  

completing the basic training, it is possible to reach the cate-

gory of user. If a project is pursued that contributes economic 

or social impact to society, the possibility is given to get a 

membership issued by the IIM to get further advantages, such 

as access to meeting rooms or access to the premises also out-

side the official opening hours. To be a member requires to 

attend to further machine-specific training to learn how to use 

the offered machines at the laboratory. 

Table 1 shows requirements to qualify for an specific user 

group. It is required (“x”) for everyone to sign the standard 

terms of use. To become a user it is necessary to complete the 

basic training. It is not mandatory (“o”) for a user to complete 

a machine specific training. Only if a user wants to use a spe-

cific machine a training is required. As a visitor it is not nec-

essary (“-“) to do the basic or a machine specific training but 

if a visitor do so they reach the level of user. 

 

 
Table 1: Requirements to qualify for an specific user group 

Resources to Manage 

In addition to the classification of user groups, there is also a 

classification of the existing infrastructure into different re-

source classes which have to be managed in order to guarantee 

safety for the constantly increasing number of users on the one 

hand and to improve operational and administrative processes 

on the other.  

Each user group has different requirements in case of using 

different resources. These different requirements led to the 

differentiation of the resources into main entrance, entrance 

via elevator, rooms, machines, tools, storage for employees 

and storage for public (rentable and/or free for use).  

Table 2 describes the relationship between authorizations to 

be assigned depending on the user groups and resources to be 

managed. Visitors, users and members have access (“x”) to 

free for use storage. Only users and members have the possi-

bility (“o”) to rent storage. A visitor has only the possibility 

to use free for use storage. They have no permissions (“-“) to 

use machines, rooms, or tools.  

 
Table 2 Assigned authorizations for different resources depending on user 

groups 

Target Description 

The overall target is to implement a keyless system to all cat-

egories of manageable resources by using existing and up-

coming university ID card standards in order to ensure user-

specific access to the resources at the laboratory. In addition, 

there must be one single interface to centrally manage all sys-

tems, user data and usage data.  

In order to achieve the overall target by considering require-

ments from the user groups and resources to manage different 

criteria for such a system occurred. The system has to fulfill 

different “must meet criteria”. Therefore, the system has to be 

compatible with existing (MIFARE Classic) and upcoming 

(MIFARE DESFire EV1) university ID card standards. These 

cards are used by students and employees at TU Graz. The 

system has also to be compatible with guest cards (also 

MIFARE Classic and MIFARE DESFire EV1 standard) pro-

vided by the central university IT service at TU Graz.  

In addition, it is necessary that the system can also be techni-

cally integrated or retrofitted into the existing equipment like 

lockers, workbenches or various furniture. User and usage 

data has to be collected. A change in the authorizations must 

either be transferred automatically to the hardware compo-

nents or transferred to the data carriers using existing hard-

ware (RFID card reader/writer). All parts of the system have 

to meet the legal requirements. 

Besides the must meet criteria also “should meet criteria” 

were defined. The system should be intuitive to enable the 

user with the best possible operation. It should be reliable and 

should offer report functions to enable an evaluation of the 

collected data. 

Already Existing Systems at TU Graz 

Within the framework of constructing and equipping the SLI 

with furniture, lockers, doors, etc., it was necessary to decide 

for different systems to manage the various resources. An 

electronical system to manage access to resources consists of 

hardware and software components. Due to this it was neces-

sary to take different software and hardware solutions into ac-

count to make a decision for a useable system. 

For some resources it was possible to use already existing and 

proved systems provided by TU Graz. The main benefits of 

these systems are the opportunity to get easily in contact with 

accessible and experienced people located at the TU Graz, to 

get support, information and help regarding the choice of the 

components and maintenance tasks, to purchase these compo-

nents with already negotiated prices and to have already 

gained know-how about the used products inhouse. 

These benefits were a crucial deciding factor using existing 

solutions. Another important deciding factor was the oppor-

tunity that these systems were controlled and managed by the 

CAMPUSOnline software [3] also provided and developed by 

the central TU Graz IT service. These software allows to man-

age and control different hardware components of different 

manufacturers with one software tool. CAMPUSOnline is a 

comprehensive software solution for the management of uni-

versities and is currently used at 38 Universities in Europe [3]. 

Therefore, no software implementation for the institute was 

necessary. This software allows to manage and control user 

data and to manage access to resources equipped with hard-

ware products provided by TU Graz.  

The access to following resources is managed by already used 

components at TU Graz:  

The main entrance door to the building and the main entrance 

door to the 3rd floor are equipped with an electronic door lock 

provided by the central facility management of TU Graz. The 

x = required o = optional; - = permitted Visitor User Member

Signing standard terms of use x x x

Basic training - x x

Machine specific training - o x

x = access o = optional access; - = no access Visitor User Member

Storage for Public (free for use) x x x

for Public (rentable) - o o

for Employees - - x

Entrance Main entrance - x x

Entrance via Elevator - x x

Rooms Reception & Lobby - x x

FabLab I & II - o x

DesignLab - o x

Tesla - o o

Schumpeter - o x

Tools Standard tools - x x

Special tools - o o

Machines Safe machines (e.g. 3D Printer) - o x

Unsafe machines (e.g. CNC Milling machine) - o x
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electronic door lock of the main building entrance is con-

trolled by an online RFID card reader/writer as shown in Fig. 

8 provided by the TU Graz and is mounted in front of the main 

entrance door. This type of electronic radio-frequency identi-

fication (RFID) card reader and writer can handle the required 

MIFARE Classic and MIFARE DESFire EV1 standards. The 

difference between this standards are explained in the chapter 

Technology Screening.  

 

 

Fig. 8 Primion prime multiproxy [4] 

The main entrance door to the laboratory in the 3rd floor of the 

building is controlled by an offline RFID card reader as shown 

in Fig. 9.  

 

 
Fig. 9 Primion pkt Offline-Reader IDR-O [4] 

This reader is also capable to deal with the required RFID 

standards. Both components for the main entrances – the door 

locks and the software to control the locks – are provided and 

installed (wired, mounted and maintained) by the central fa-

cility management of TU Graz.  

The previously described offline RFID card reader as shown 

in Fig. 9 is also used to control the elevator. Therefore, a re-

lease signal is implemented to the elevator control unit. This 

integration of a release signal allows the personal control of 

the elevator. Only authorized people can use the elevator to 

get access to the laboratory by using the elevator. 

The access to rooms such as the meeting rooms Schumpeter 

and Tesla, the DesignLab and FabLab I & II are controlled 

with components offered by the company Primion. The elec-

tronic of the offline door lock is integrated into the door han-

dle and battery driven.  

 

 
Fig. 10 Primion pkt electronic offline door lock [4] 

This offline electrical battery driven door lock is capable to 

be retrofitted both, on all glass doors and on all standard wood 

and metal doors. These components could be used with the 

existing TU Graz RFID cards and provide the required RFID 

standards (MIFARE Classic and MIFARE DESFire EV1). 

Besides this, the door lock gives the possibility to display the 

current battery status via integrated LEDs. 

Not all rooms are equipped with electronic door locks. The 

offices (Office 1, Office 2, Office 3), the storage room at Fab-

Lab II, the storage room behind the stage in the DesignLab 

and the doors to the terrace are equipped with standard me-

chanical locks provided by TU Graz as the access is limited 

to staff only. 

Technology Screening 

This chapter is about screening the market for usable technol-

ogies and solutions to be integrated at different resources not 

managed by already existing and used systems at TU Graz 

such as electronic lockers, and locking systems to control the 

access to storage and tool. The solutions and systems have to 

meet specific technical and administrative requirements.  

A screening of previous ISAM Papers figured out that several 

Makerspaces already use RFID technology for different pur-

poses. However, the main task of the used systems at these 

Makerspaces is primary not to regulate and manage access to 

different resources but to gather user and equipment data or 

to handle the sign in process to the space [5], [6], [7], [1], [8], 

[9]. 

Rupert, and Jariwala developed a Makerspace management 

system to collect data and also to manage the access to ma-

chines [9]. Furthermore, the Makerspace at Bucknell Univer-

sity [10] and the Milwaukee Makerspace [11] uses RFID sys-

tems to manage access to machines. All identified solutions 

dealt exclusively with the collection of data and the manage-

ment of access to machinery. There was no system identified 

on the market to manage access to different resources such as 

access to storage facilities, rooms, tools, machines, elevators 

or entrances combined in one system.  

The market research showed a fundamental distinction in 

online and offline systems.  

An Online system connects locks directly and permanently to 

a server, i.e. it sends data to the lock in real time, so access 

can be maintained or prohibited at any time. This means that 

each time the authorization in the central database is checked. 

It is checked whether the respective key is registered in the 

system whether it has the authorization to open the lock. For 

this purpose, each lock requires a network connection with the 

central administration software. Advantages of online sys-

tems are the real-time management of the locks, the flexibility 

of the access control system, quickly implemented changes in 

the authorization and an included power supply in the locks 

(maintenance-free). Disadvantages of these systems are a 

complex wiring of the locks to be integrated in a network and 

the high purchase costs compared to offline systems. [12] 

Offline systems are not directly connected to the server. Ac-

cess is made possible by a special access code which is written 

on an RFID card. The lock only opens when there is a match 

between the access code on the card and the required access 

code at the lock. Authorizations can only be updated if the 

card is connected to a suitable software system. This also re-

quires an NFC read and write device. With this system, user 

records and accesses can only be made by additionally writing 

exactly this data to the card or by an extra memory unit that is 



  

read out from an external location. Advantages of offline sys-

tems are the possibility to be retrofitted, to run without net-

work wiring, to offer an easy access control, and to use simple 

and cheap components. Disadvantages are that the locks need 

an extra energy supply (maintenance), there is no real-time 

access control possible and the documentation of the usage 

data is difficult because there is no direct connection between 

the locks and the software. [12] 

MIFARE is a product line of the company NXP Semiconduc-

tors. The name MIFARE stands for Mikron fare collection. It 

is a contactless smartcard system compatible with the 

ISO/IEC 14443 Type A standard. The MIFARE variants (Ul-

tralight, Ultralight C, Classic, Plus, DESFire and SmartMX) 

differ in memory capacity, functionality, security and price. 

MIFARE Classic is a memory chip with security functions for 

access protection and encryption of data transmission. 

“CRYPTO1", a proprietary cryptographic algorithm, is used 

for encryption. [13] 

MIFARE DESFire is the high-end version of the product 

range. It is a processor chip card with extensive security and 

encryption functions. MIFARE DESFire EV1 is based on 

open global standards for both, air interface and cryptographic 

methods. The smartcard can be used with a typical MIFARE 

command set as well as with Smart card application protocol 

data units (APDUs). [13] 

Different solutions and systems were identified on the market 

and evaluated with criteria such as the mode of connection, 

the possibility to be integrated in a central administration soft-

ware, the number of maximum possible locks, the ability to 

be retrofitted in existing furniture, the reliability of the sys-

tem, the needed investment, the quality of the customer ser-

vice and the design of the hardware products and the usability 

of the software interface.  

Table 3 shows the considered systems for the technology 

screening, the used evaluation criteria and the evaluated find-

ings regarding these criteria.  

 

  
Table 3: Evaluation criteria and considered systems in the technology 

screening with evaluated findings [14], [15], [16], [17], [18] 

 

One system was identified which offers the possibility of an 

easy implementation in the laboratory to manage the access to 

various storage resources such as storage for employees and 

storage for the public (rentable or/and free for use). This 

online electronic locking system as shown in Fig. 11 could be 

implemented to the wardrobe and to different compartments 

in the custom made furniture. 

 
Fig. 11 Gantner NET.Lock 7000 [14] 

The administration of the components to control the hardware 

of the wardrobe lockers and the electronical locked compart-

ments is actually done with a software solution offered by the 

locker manufacturer. Lockers could set up as free lockers or 

lockers for personal lockers. The setting of free lockers is 

mainly used for the wardrobe. Personal lockers were both, 

used at the wardrobe and used in the custom made furniture 

to enable renting of storage. To fulfill the safety regulations, 

it is necessary to store the jackets or bag bags in a wardrobe 

locker. The online system offers the wanted option that only 

one free wardrobe locker could be occupied by a single person 

at the same time. Furthermore, the software has included re-

port functions and collects the usage data to be analyzed later 

on. The systems offers the possibility (interface) to be inte-

grated in the planned centralized management system. The 

electronic wardrobe locker could be locked by using any type 

of RFID or NFC chips such as cash cards or smartphones. The 

storage for employees and for the public to rent is restricted 

to the existing RFID standard at TU Graz. To be easily imple-

mented it was necessary to consider the wiring and the hard-

ware implementation already in the purchasing process of the 

storage facilities. A good coordination was required between 

all different parties (carpenter, wardrobe manufacturer, locker 

manufacturer).  

One system was identified with the possibility to be retrofitted 

in the workshop area to manage access to tools and machines. 

To be integrated to the existing management software (CAM-

PUSOnline [3]) it is necessary to adapt the firmware. There-

fore, it is necessary to update the firmware of the components. 

Hand tools and machine specific tools and equipment are 

stored in standard cabinets, drawers and workbenches of an 

established workbench manufacturer. A crucial factor to de-

cide for the used workbench manufacturer was the possibility 

to retrofit the mechanical lockers with electronic battery 

driven offline locks in order to manage the access to tools and 

specific machines at the workshops. The used system can 

manage the use of a machines that requires special tools or 

equipment for operation. If possible to store these tools or 

equipment in cabinets, drawers or workbenches the access of 

these machines could be managed by the used system. The 

system works with electronic battery driven offline locks. 

These locks currently do not meet the necessary requirements 

(use of TU Graz RFID cards). That’s why the workshops were 

initially equipped with mechanical locks. An adaptation to the 

electronic locks is being carried out within the framework of 

cooperation between TU Graz and the manufacturer in order 

to fulfill the necessary requirements. It is planned to integrate 

the management of these hardware components to the CAM-

PUSOnline software solution by adapting the firmware of the 

already existing electronic door lock components. 

Gantner Hoffmann Nuki August Danalock

Criteria NET.Lock 7000 G-ELS Smart Lock 2.0 Smart Lock Motorschloss V3

Connection (Online/ Offline) Online Offline Offline Offline Offline

Integration easy possible possible difficult difficult difficult

max. number of locks high moderate low low low

Retrofit yes (wiring) yes yes yes yes

Reliability high high medium medium medium

Invest high medium low low low

Customer Service very good very good moderate moderate moderate

Hardware Design good good good good good

Considered Systems



  

Conclusion and Further Outlook 

The use of different software solutions to control different 

hardware components is mainly responsible for introducing a 

central administration system. This system should be able to 

manage user data, training records, all different resources, and 

permissions at the SLI. Furthermore, it should include pur-

chasing management tools, send relevant information to dis-

plays located at machines, give an overview about the relevant 

KPIs and should include a reporting tool to analyze the stored 

user and usage statistic data. 

It is mandatory to meet all the legal requirements (EU-

General Data Protection Regulation (GDPR)) and to improve 

the existing processes for administration and operation. Both 

used systems - used to manage the access of the main en-

trance, the elevator, rooms, lockers and personal storage fa-

cilities - meet the requirements to improve safety, to fulfill the 

legal requirements and to collect useful data. However, the 

administrative and operative effort is high to handle different 

systems.  

In addition to the considerable additional effort required to 

manage and maintain different systems, the current situation 

also has the danger of poor process reliability. Therefore, it is 

planned to integrate a central administration tool to combine 

all different systems to improve the operational and adminis-

trative processes and to increase the safety at the lab. The ris-

ing number of visitors, users and members at the Schumpeter 

Laboratory for Innovation gain new challenges to deal with. 

On one side it is necessary to restrict access to different kinds 

of resources such as tools, machines, and rooms to ensure 

safety. On the other side, the Schumpeter Laboratory for In-

novation is a research facility. Therefore, it is necessary to 

collect useful data to gain knowledge about user behaviors, 

the facilities, and the offered resources. 

During the project a lot of different systems were identified 

on the market for different purposes. It was identified that the 

crucial part at implementing an overall system to manage ac-

cess to space, tools and machines is in the first step to define 

the targets of the system and in the second step to find or cre-

ate a software solution to deal with a big variety of hardware 

components. There is no hardware component available 

which is suitable for all different types of resources. Further-

more, it is essential to take already the implementation of a 

management system into account during the process of setting 

up or planning a Makerspace. Systems were identified to be 

retrofitted to different types of furniture, doors, lockers, etc. 

but if wires could be integrated to the furniture it is useful to 

purchase online systems. These systems offer some very use-

ful features like the real time management or the included 

power supply.  

Besides the challenge to manage access for tools and ma-

chines, every visitor, user and member need to sign-in and 

sign-out at the reception desk before and after using resources 

at the laboratory. A system has to be identified or developed 

and integrated (central administration system) to make this 

process more intuitive and to ensure that only permitted peo-

ple get access to various resources. 

References 

[1] E. Schoop, F. Huang, N. Khuu, and B. Hartmann, “MakerLens: 

What Sign-In, Reservation and Training Data Can (and Cannot) Tell 
You About Your Makerspace,” In Proceedings of the 3rd Interna-

tional Symposium on Academic Makerspaces, 2018, paper no.06. 

[2] Julian Birkinshaw, Cyril Bouquet, Jean-Louis Barsoux, “The 5 
Myths of Innovation,” MIT Sloan Management Review, vol.52 no.2, 

2011. 

[3] CAMPUSonline. [Online] Available: https://cam-
pusonline.tugraz.at/organisation/campusonline. Accessed on: May 

29 2019. 

[4] Komponenten| Hardware | Software | Produkte | Zutrittskontrolle | 
primion. [Online] Available: 

https://www.primion.de/de/loesungen/zutrittskontrolle/weitere-kom-

ponenten-der-zutrittskontrolle/. Accessed on: May 29 2019. 
[5] Malcolm N. Cooke, and Ian C. Charnas, “The Value of Data, Met-

rics, and Impact for Higher Education Makerspaces,” In Proceedings 

of the 1st International Symposium on Academic Makerspaces, 2016, 
paper no.37. 

[6] Daniel S. Dorsch, Maha N. Haji, and Joshua C. Nation, “A hierar-

chical system for purchase management in a student-run mak-
erspace,” In Proceedings of the 1st International Symposium on Aca-

demic Makerspaces, 2016, paper no.36. 

[7] Ramy Imam, Priyesh B. Patel, Leonard Ferron, and Amit S. Jariwala, 
“Development and Impact of a Data Collection System for Aca-

demic Makerspaces,” In Proceedings of the 2nd International Sympo-
sium on Academic Makerspaces, 2017, paper no.029. 

[8] Ramy Imam, Leonard Ferron, and Amit S. Jariwala, “A Review of 

the Data Collection Methods Used at Higher Education Mak-
erspaces,” In Proceedings of the 3rd International Symposium on Ac-

ademic Makerspaces, 2018, paper no.14. 

[9] N. Rupert and Jariwala Amit S., “Development of a Smartphone Ap-
plication for Makerspace Management,” In Proceedings of the 3rd In-

ternational Symposium on Academic Makerspaces, 2018, paper 

no.19. 
[10] Julie Darwin, Joseph Patrick Kale, Michael S. Thompson, Margot A 

Vigeant, and Alan Cheville, “MAKER: A Maker Space Smart Badg-

ing System,” In Proceedings of the 123rd ASEE’s Annual Confer-
ence, 2016. 

[11] Milwaukeemakerspace.org, Access Control: Knock Knock. [Online] 

Available: https://milwaukeemakerspace.org/category/access-con-
trol/. Accessed on: Jul. 11 2019. 

[12] siemens.at/zutrittskontrolle. [Online] Available: https://w3.sie-

mens.at/buildingtechnologies/at/de/loesungen/sicher-
heit/zutrittskontrolle/Documents/Portfolio_Zutrittskontrolle.pdf. Ac-

cessed on: Aug. 14 2019. 

[13] J. Langer and M. Roland, Anwendungen und Technik von Near Field 
Communication (NFC). Berlin: Springer Berlin Heidelberg, 2010. 

[14] Vernetztes Schrankschloss GAT NET.Lock 7xxx — Gant-ner. 

[Online] Available: https://www.gantner.com/de/produkt/gat-net-
lock-7xxx/. Accessed on: May 29 2019. 

[15] Hoffmann G-ELS. [Online] Available: https://www.hoffmann-

group.com/DE/de/hom/Betriebseinrichtung-

en/Sortimentsabrundung/GARANT-electronic-locking-system-G-

ELS/p/960015. Accessed on: Jul. 11 2019. 

[16] Nuki SmartLock 2.0. [Online] Available: https://nuki.io/de/smart-
lock/. Accessed on: Jul. 11 2019. 

[17] August SmartLock. [Online] Available: https://august.com/prod-

ucts/august-smart-lock-connect. Accessed on: Jul. 11 2019. 
[18] Danalock Motorschloss V3. [Online] Available: https://smart-

lock.de/danalock_V3.html. Accessed on: Jul. 11 2019. 


