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Abstract 

The emergency departments in Region Östergötland use pen and paper to a large extent when 

recording emergency care procedures and measurements. During treatment the patient should 

be the main focus. Because of this, recording of measurements done could be delayed or in 

worst case forgotten during stressful situations. 

The proposal of this project is the development of a prototype that tries to make the 

administrative work a passive procedure rather than an active one. The system developed 

uses a Raspberry Pi, along with Node-Red, which connects predefined patient data and 

medical records, with the clinical staff tending the patient. All these connections are initiated 

by mainly using RFID technology.  

The conclusion made with the developed system is that it should unload the staff with the 

recording of data and that it helps make a data logging a more passive work than today’s used 

methods. Along with a process that is easier to operate, the time spent on administrative work 

could be reduced with the proposed system. 
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BBB Beagle Bone Black Credit card sized computer Choosing main processing 

device 

BLE  Bluetooth Low Energy (Smart) Similar to regular bluetooth but with reduced 

power consumption and cost 
Communication with sensors 

BT  Bluetooth Wireless communication  Comparing bluetooth low 

energy with bluetooth classic 

CPU  Central Processing Unit A processing unit that executes instructions 

e.g. logical arithmetic and input/output 

control 

Describing different system-on-

chip systems 

Cloud Internet based services Software that are executed on the internet 

rather than locally on the computer 
Justification of proposed 

system 

 Error occurrence Medical employee giving patient wrong 

drug, improper amount of a drug or drug 

omission 

Literature study surrounding 

thesis 

GPIO  General Purpose Input Output Generic pins on an integrated circuit which 

the user can configure 
Describing system 

specifications of a system-on-

chip  

GPU  Graphical Processing Unit The graphical unit to process and create 

images for display output 
Describing system 

specifications of a system-on-

chip  

HTML Hyper Text Mark-up Language Programming language for web-

programming 
When describing 

implementation of graphical 

interface 

HTTP  Hypertext Transfer Protocol Protocol used to send websites Peripheral used from system 

output  

Medfak Medicinska fakulteten The University Hospital in Linköping Background and justification of 

thesis 

IoT  Internet of things Usually small devices capable of interacting 

and communicating through internet. 
When describing Node-Red 

ISY Institutionen för systemteknik One of the departments of the Linköping 

institute of technology. Department of 

electrical engineering in English. 

When explaining where the 

thesis has been conducted 

LCD  Liquid Crystal Display Display technology Explaining Raspberry Pi 

touchscreen 

MB Megabyte Multiple of “byte” Comparing main processing 

devices 

 Misidentification  When a patient gets identified incorrectly or 

not at all 
Literature study surrounding 

thesis 

 Mistransfusion Transfusing wrong blood to the wrong In the theory section 
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patient 

NFC Near Field Communication Wireless communication Explaining RFID 

communication 

NR Node-Red Visual tool for wiring hardware and online 

service together 
A core software used in the 

thesis 

OS Operating System The computer running system What operating system that 

runs on the main processing 

device 

RPi Raspberry Pi Credit card sized computer A core hardware used in the 

thesis 

RF Radio Frequency A frequency range in the electromagnetic 

wave frequencies 
When explaining RFID 

communication 

RFID Radio frequency identification Wireless technology for reading information  Chapter 3 

SPI  Serial Peripheral Interface A serial communication interface When explaining RFID reader 

communication interface 

SSH  Secure Shell Remote login that operates securely even a 

network is unsecure 
Used during development of the 

system 

TIC Test and Innovation Centre A department at Region Östergötland Justification and background of 

thesis 
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Today’s hospital personnel are working in crowded hospitals with a tight time schedule. 

Their work includes diagnosing patients, giving the patient the correct treatment, keeping 

track of treatments given and also quite a lot of administrative work like updating the 

patients’ medical record. 

The emergency clinic in Linköping, Sweden, uses pencil and paper as their main tool to note 

critical procedures done on a patient, where a poor handwriting can lead to errors and 

misunderstandings [1]. This also creates additional administrative work for the hospital 

personnel since the medical records are stored digitally and therefore must be manually typed 

into a computer by the personnel. 

 

With a constant ongoing of digitizing in the society, one could ask why such an important 

place as the emergency clinic still uses pencil and paper. One could argue the indisputable 

dependability that comes with the traditional ways that in some sense it will always work. But 

we must realize that a lot of the medical equipment today are fully or partially digitalized and 

seem to work well enough to be accepted. 

 

With a new kind of integrating system that connects sensors and devices directly with a 

patient’s medical records, the inefficiency of writing down medical data on paper only to type 

it into a computer could be eliminated. This would free up valuable time for the medical staff 

to focus more on tending to patients. This has to be done with the same level of robustness 

that comes with a pencil and paper, meaning a technology with high reliance.  

 

A lot of concerns could be brought up when designing a system that is supposed to be able to 

handle sensitive data (like medical records). Due to this the following questions are asked: 
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● Will a system, where devices are interconnected to each other and to a patient’s 

medical records, be more efficient than today’s ways of noting down a patient’s data? 

● Will an efficient medical-records-system help reduce the amount of mistreatment 

caused due to human error? 

● Can a more efficient medical-records-system improve treatments to patients? 

● Could enough reliability be insured for this kind of device to be used in a medical 

environment? 

 

Since this is a development of a new potential product it needs to be an improvement over 

currently used systems. The previously asked questions will help us to determine if this new 

potential product achieves that. 

 

The first question was asked to see if this kind of a system could bring an improvement in the 

sense of efficiency over the current pen and paper system. Efficiency becomes an even more 

important factor in a society with a growing population. According to our project handler 

Gunnar Nordqvist, limited resources and increasing demand have forced many to realize the 

limitations of trying to gather more resources to meet the demand. Instead a lot of focus is 

being shifted from gathering more resources to rather using the resources one have in a more 

efficient way.  

In this sense efficiency means that the same amount of medical staff can perform more 

treatments on patients without reducing the quality of the treatments or having the staff 

working for longer hours. This is probably the biggest aim for this project, to reduce the 

amount of time the staff spend on administrative work and instead put that to attending 

patients. 

 

Apart from the factor of efficiency there is also the aim of reducing the amount of errors 

made today by medical staffs. Whenever humans are involved there is always a possibility 

for human errors, and this especially in hectic and stressful situations. Mistreatment can 

easily happen and these can be caused by misreading medical records, writing down wrong 

values or not being able to interpret another employee’s handwriting. 

 

The question about improved patient treatments could be seen as a bit subjective. But for this 

thesis the criteria for good patient treatment will be judged by the fail rate of a medical 

institution (amount of errors made in average, both by medical staff and due to technical 

reasons) and also the perceived experience by patients. With less errors being made the 

quality of the service a medical institution can offer is improved. And with less time spent on 

administrative work for the medical staff, more time could be spent on each patient and a 

more personal connection could be established, making patients feel less neglected and 

hopefully increase the patients experience. 

 

Stability is of great importance considering the aimed market for this potential product. The 

hospital environment deals with people’s lives on a daily basis and so reliable equipment is of 
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great importance. A faulty read, technical error or a bad connection could lead to incorrect 

data being stored that in the end could lead to mistreatment to a patient. Equipment developed 

for medical use has to fulfil certain general as well as legal requirements to be certified as 

medical equipment. [2]  

A system which is deemed unstable and unreliable will never be approved for use in a 

modern medical facility. So the question that needs to be answered here is; can this system be 

made stable enough to even be considered as a medical equipment?  
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Test and Innovation Centre (TIC) at Linköping University Hospital (Medfak) is a part of 

Region Östergötland which operate as a test and innovation group that works with all 

hospitals in the whole county of Östergötland. The main purpose of the department is to 

systematically coordinate and improve the work of existent and new ideas regarding 

healthcare. 

 

TIC develop new ideas and design concepts of equipment that are taken to another unit for 

further development and improvement before being considered an actual product fit for 

medical use. The idea with TIC is to have a group of engineers work close to the medical 

staff to better understand the staff’s needs and requirements. Having access to some medical 

equipment, a test lab and direct contact with the doctors and nurses of the hospital gives them 

a better understanding of the market in which the medical equipment is supposed to be 

developed for. 

 

TIC has realized some of the issues which medical staff are facing today. One of the issues is 

the amount of time being spent on administrative work. Today's procedures include checking 

up on a patient, writing down any acquired data during the check-up and then later manually 

type in all the data onto a computer. This happens even if the devices used to measure the 

patients’ condition is digitalized. This is where the TIC sees an opportunity to improve 

efficiency of the medical staff through the use of technology. By integrating these systems 

together into one system and letting the devices themselves record the data of the patient 

directly into the patient’s medical records, the amount of time the staff would have to spend 

on administrative work could be reduced. 

 

During the design of the proposed system no regard will be taken concerning security issues 

and encryption of sensitive data. The sole focus will be to develop a flexible system that can 

be utilized by the test and innovation department at Region Östergötland. 
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Our goal was to design and develop a system that would connect different devices with each 

other and enable a flow of communication from one device to another. Even though we had 

relatively free hands regarding system design, TIC had some requirements we had to adapt to. 

The criteria can be generalized as follows: 

 

● The proposed system had to be integrated with Node-Red (NR) 

● It must be able to output data with a http request 

● It should be ease to use/user friendly 

● It must consist of cheap hardware 

● The proposed system had to be flexible/scalable 

 

 

One of the main requirements was that NR had to be used to handle the flow of 

communication between devices. This was due to the fact that NR had been the aim for this 

project since the beginning and was thought of even in the other previous thesis. Also NR 

seemed like a suitable interface for the project allowing for easy configuration, scalability and 

also a user friendly interface. 

 

The other two important requirements were that the proposed system had to be user friendly 

and be able to handle http communication. The user friendly requirement is because of its 

aimed usage by medical staff without initial expertise of any advanced computer programs. 

This means that the resulting system needs to be easy to use, intuitive and preferably fast. The 

importance of http communications is because it is vital for its functionality to be able to 

update patients’ medical records. 
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The focus of the thesis is to use earlier works with bluetooth [4] and RFID at the department 

and develop these further into a platform that can be used in test-scenarios. This platform 

should be able to handle different input in the form of staff and patient data and various kinds 

of sensor data and combine these in a session. Data logged during this session should also be 

able to be outputted to different sources like medical records on distant servers. 

 

Problems with patient identification recur across different health-care sectors all over the 

world. A study conducted on adverse events in British hospitals by Vincent et. al (2001) 

showed that in a review of 1014 medical records, 110 patients (10.8 %) experienced an 

adverse event. Out of this, half were judged as preventable and a third was estimated to have 

caused moderate to serious consequences. [5] 

 

Identification of patients, being one of the sources of adverse events, is a critical step in the 

process of medical treatment. In the case of, for instance blood transfusion, misidentification 

of a patient results in a high probability of leading to mistransfusion. As interpreted by 

Murphy et. al (2004), mistransfusion are not just serious but also quite frequent world-wide. 

Even though there are a lot of reports regarding the number of mistransfusion and its 

frequency there are reasons to believe that the actual number of mistransfusion is as much as 

30 times higher due to the fact that not all instances are being reported properly and therefore 

not included in the statistics. [6] 

 

Murphy et. al (2004) report on cases when patient misidentification has led to medication 

error with grave consequences. Identification information where in these cases written on ID 

tags and labels which apparently was not enough to prevent misidentification. A test was 

conducted to evaluate the use of technological aid together along with further medical 

education to see if that would help reduce the amount of misidentifications. The technological 

aid in this case was a barcode scanner and a barcode with the patients ID. The results were 

unambiguous. They saw an improvement from 88 % to a 100 % in the verbal identification of 

patients as well as matching these with the patients’ wristband. [6] 
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Using barcode scanners in hospital environments is not a new phenomenon and have been 

used to verify blood components in many facilities all over the world for many years. These 

are barcode scanners that most are familiar with from shopping in supermarkets. However, 

what is surprising is that this kind of technology yet has to be implemented in other areas like 

patient identification. This kind of way of identification technology is not just limited to 

barcode scanners but could be utilised with technology like RFID. [6]  

 

Malyn Haw et. al (2005) did a review on administration errors in a psychiatric hospital in the 

United Kingdom, that shows that the most errors reported were giving a patient the wrong 

drug, improper dose of a drug and dose omission. When asked, nurses gave a variety of 

reasons why the errors were made. These included, busy, noisy ward environments, being 

short staffed and difficulty reading or understanding physician's instructions. Nurses 

repeatedly cited physicians as a relating factor, contributing to the errors made. A study that 

investigated the occurrence of administration errors in hospital environment showed that 

errors were made during the most hectic periods. [7] 

 

A study made 2004 shows that up to 37 % of a doctor’s workday is spent on patient related 

administrative work. This equals to an average of three hours per eight-hour workday. The 

study also showed that 40 % of the time was spent on patient-related work and the rest (23 %) 

was spent on non-patient related administrative work, like schedule planning, meetings, etc. 

What this study shows is that less than half of the staffs time is spent with a patient and that 

administrative (both patient related and non-patient related) work, makes up for 60 % of a 

doctor's time. In this study many doctors expressed that they wanted to spend less time with 

administrative work, especially journaling, and more time with patients. They felt that a lot of 

time was being wasted keeping track of data, double journaling and trying to interpret 

medical codes. They believed a lot of improvements could be done in this area to increase the 

efficiency of patient related administrative work and reduce the amount of time spent not 

tending to patients. [8] 

 

The average salary for a physician in Sweden ranges from 32,000 SEK to 74,400 SEK 

depending on factors like age, gender, role and whether one works for a private practice or 

public practice. Using these figures a rough estimation of the cost of administrative work 

could be estimated to be between 11,840 SEK to 27,528 SEK per physician and month, in the 

case that physicians spend on average 37 % of their time with administrative work. [9] 
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With a possibility to update medical records digitally with little attention from the staff, more 

time could be put to tending patients and thus the efficiency of medical staff could be 

increased. This is a good thing for institutions that would benefit from a more efficient use of 

their resources. Another example of increased efficiency with digital logging is during 

instances where active logging of a patient’s data is required during procedures. The active 

logging might require the full attention of a staff member and therefore require additional 

staffs to perform the actual procedure. In the case of digitally logged data passive logging is 

achieved freeing up staff members’ attention for other activities possibly reducing the number 

of staffs needed for the same procedure. 

 

The proposed system is composed of several connecting parts on both a hardware level and 

on a software level. On the hardware side there will be a single-board computer, like a 

Raspberry Pi (RPi), which will be the main hardware component for the project. It will serve 

as a hub for at least two types of connecting devices. The first type of device that will be 

connected is an identification device. This could be a magnetic card reader, barcode scanner 

or as proposed for this project, an RFID reader. The second kind of devices will be sensor 

devices of different kinds, like a heart rate monitor or a blood pressure monitor. 

After identification with for instance RFID the single-board computer will establish 

connection with the sensor device and start to receive sensor value data wirelessly, preferably 

through bluetooth (BT) to the single-board computer, which in turn sends the data to NR. 

 

On the software side NR is to be used. This will probably be the heart of the project. It is 

through NR that all the integration between devices and external parts will occur. There will 

also be a graphical user interface (GUI) and a local Hypertext Mark-up Language (HTML) 

webpage developed for this project to make it user-friendly and as easy to use as possible. 

The following chapter will be a more detailed description about the different devices that is 

proposed to be used and also of NR and the user interface. 

 

Raspberry Pi is a small affordable computer that was first thought of 2006 by Eben Upton, 

Rob Mullins, Jack Lang and Alan Mycroft at St John's College, Cambridge. The reason for 

their idea of the RPi was that they saw a decline in skills levels of A level students who 

applied to read Computer science. They saw that many who came to interview merely had 

little web design experience, compared to the nineties, where most kids were experienced 

hobby programmers. [10] 
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The Raspberry Pi comes with varying amounts of USB ports depending on model and these 

can be used for connecting any kind of device with a USB connect ability. This includes 

devices like a keyboard, mouse, Wi-Fi-dongle, etc. In this case it will be used to connect a 

bluetooth low energy (BLE) and a Wi-Fi-dongle for total wireless communication and also a 

keyboard and a mouse for input. 

 

The intended purpose of the Raspberry Pi is as previously mentioned to act as a hub between 

other devices and the cloud. This means that devices like a heart monitor or blood pressure 

monitor will be connected to the RPi where the data then is forwarded from the external 

device through Raspberry Pi and onto NR. 

 

Since its first release in 2012 several models of RPi have been released with different 

specifications. Raspberry Pi 1 Model B, being the first mass produced Raspberry Pi unit have 

since its release sold more than two million units [10]. Table 3.1 shows a comparison 

between the Raspberry Pi models.  

 

Model Release year Target price Reference 

Raspberry Pi 1 Model A+ 2014 $20  [11] 

Raspberry Pi 1 Model B 2012 $35 [12] 

Raspberry Pi 1 Model B+ 2014 $25 [13] 

Raspberry Pi 2 Model B 2015 $35 [14] 

Raspberry Pi 3 Model B 2016 $35 [15] 

Raspberry Pi Zero 2015 $5 [16] 

Table 3.1: Table of different Raspberry Pi models, release year, and target price. 

 

For this project a Raspberry Pi 2 model B (figure 3.1) is proposed to be used. This model 

comes with a 900 MHz quad core microprocessor paired with one GB of ram. It comes 

complete with a GPU, sound processing unit and have HDMI, Ethernet, 15-pin MIPI camera 

input, USB connectivity and 26 general purpose input/output (GPIO) pins for user defined 

use. [17]  
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Figure 3.1: A picture of a Raspberry Pi Model B. GPIO pins can be seen in on the top and to the right there are 

2x2 USB ports and an Ethernet port. On the bottom (from left to right) there is a micro USB port for power, 

HDMI output, mobile industry processor interface camera connection and a 3.5mm sound output. And to the left 

there is a display interface. 

 

 

Raspberry Pi 2 comes with 26 GPIO pins that are user configurable. As mentioned before 

GPIO stands for general purpose input/output. These are pins that the user can program 

directly and is mostly used for interaction with the environment, other devices and sensors. 

Being user configurable means that the user can control them and set them either high or low 

or decide what they should be used for. This is a great feature which functions much like the 

ones of microcontrollers, like an Arduino, but with the difference that the RPi holds an OS 

and is usually much more powerful. 

 

Just like with any computer an Operating system (OS) is needed to be able to utilise the 

Raspberry Pi. Raspbian is a Linux operating system specifically designed for small 

lightweight computers, like the Raspberry Pi and is the officially supported OS for Raspberry 

Pi by the Raspberry Pi Foundation [18]. There are lots of other operating systems that could 

be installed on the Raspberry Pi since it is a computer but one must remember that this is still 

a computer with limited resources and that it offers special features like GPIO ports that may 

be unsupported on other operating systems. 

 



12 

 

 

RFID stands for radio-frequency identification and is a term used for technologies that use 

radio frequency to identify different objects [19]. There will be an RFID-reader (RC522) for 

this project and the RFID-reader used will be a standard smart card reader. This device is 

connected to the GPIO serial ports of the Raspberry Pi for communication and power. The 

RFID-reader device reads the ID of different RFID-tags and cards and sends it to the 

Raspberry Pi. In figure 3.2 is a picture of an RFID-RC522 reader. 

 

 
Figure 3.2: Picture of the RFID-RC522 reader. 

 

Bluetooth Low Energy (BLE), also known as bluetooth smart and Bluetooth version 4.0+ is 

the newest generation bluetooth technology. Developed by Nokia it uses a new technology 

from previous bluetooth models making it non backwards compatible with previous BT 

technology, like BT Classic. The Bluetooth 4.0 specifications however permits devices to 

implement either or both of the LE and Classic systems. 

BLED112 (see figure 3.3) is a BLE dongle from the company Bluegiga that can both operate 

as a master or slave device. The BLE112 uses Bluetooth 4.0 and can handle up to 8 

connections with integrated BLE stack. [20] 
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Figure 3.3: Picture of BLE112 USB module. 

 

iHealth is a company that develops health related products for the consumer market. Their 

goal is to develop products that are easy to use and that enables ordinary people to be more 

engaged in the role of managing their health. Their product is designed to connect to the 

cloud and help keep track of different health status like blood pressure and heart rate.  

Their products ranges from blood pressure monitors, wireless scales, glucometer to a variety 

of fitness devices. [21] 

 

Node-Red (NR) is an open source graphical-browser-based tool for wiring Internet of Things 

(IOT) developed by IBM Emerging Technologies. NR was developed due to the realization 

that today, many IOT devices often tend to interact with their close and/or distant 

environment. Having a device interact with other hardware devices, online services or even 

accessing its own serial port used to require a lot of time writing code just to enable 

communication between these media. This also usually meant that one needed to possess 

competence like coding database handling, APIs, protocols, scripting etc. which was a big 

obstacle to overcome. With NR all these are hidden in the background of an easy to use 

graphical node interface. [22,29] 

 

NR offers a palette of nodes that can be wired together into a sequence and create flows. In 

figure 3.4 is a print screen of a NR platform. 
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Figure 3.4: The Node-Red platform opened in a web-browser with a simple flow in the workspace.  

 

The platform is divided in three main parts: Nodes bar, workspace and a sidebar. The node 

bar offers a variety of nodes that can be wired together and create flows, see section 3.11.1 

and 3.11.2. To create a flow, the user simply drags nodes to the workspace and wire them 

together. 

 

The nodes in NR are composed of one HTML-file and one JavaScript-file. The HTML-file 

tells how the node should look like, how many input/outputs it should use etc. and the 

JavaScript-file is responsible for how the node should function. NR offers a variety of pre-

installed nodes that can be used, but it is possible to create nodes of your own with a specific 

functionality and look. It is encouraged to create and share your own-made nodes with the 

community. In figure 3.5 a snapshot of the pre-installed nodes is depicted. 
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Figure 3.5: Some of the nodes that are available in Node-Red. 

 

NR operates on the three different types of main nodes: 

 

● Input nodes 

● Process nodes 

● Output nodes 

 

The input nodes provide the NR application with input. These are identified by having a grey 

box/boxes on the right-hand side of the node. The process nodes have two boxes, one on each 

side of the node, which enables the node to input a set of data and then output into a node. 

The output nodes have only boxes on the left side of the node. In figure 3.6 is picture of the 

different types of nodes. 

 

 
Figure 3.6: The three main nodes in Node-Red. To the far left is the inject node (input), in the middle is the 

function node (process) and to the far right the debug node(output).  

 

A node gets triggered and executed when input arrives. The input contains a JavaScript object 

and carrying the payload-parameter. The payload is usually connected to msg as a parameter 

holder. Although the payload is the main parameter, multiple parameters can be added to the 

holder.  
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The following nodes are not included in the standard NR palette: 

● Daemon 

● MySQL 

 

In order to run long-running system commands in NR the daemon-node is used. The node is a 

community creation and is similar to the exec-node, with the difference that the node restarts 

and re-execute the defined system command on finish. This node makes it possible to run 

programs until a return code have been produced and then restart the program. [23] 

 

With the MySQL-node it is possible to communicate with a MySQL-database in NR. The 

MySQL-node allows basic access to the database as well as inserts and deletes from the 

database via SQL queries. After a SQL query have been written to the node, a response from 

the database gets fed to the node output. [31] 

 

A flow is defined as a set of nodes that have their own independent work cycle, that run in 

parallel with other flows. This combined with globally shared data, makes it possible to 

communicate with nodes and a flow without having a connection between them. In figure 3.7 

is a simple flow in NR.  

 

 
Figure 3.7: A Node-Red flow composed by an inject node, function node and a debug node. When the “inject”-

button are pressed the defined payload in the inject node will be passed through the flow.  

 

MySQL stands for My Structured Query Language and is a database handler which can store 

tables of data. Some of the benefits that comes with MySQL is that it is flexible, scalable and 

simple to implement. Apart from the benefits of using MySQL, it is open source and 

supported on multiple platforms. [24,33] 

A database in MySQL consist of tables which is built of rows and columns, where the 

columns are the attributes that each row will contain, an illustration of the structure can be 

seen in table 3.2.  
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Column 0/Row 0 Column 1/Row 0 Column 2/Row 0 

Column 0/Row 1 Column 1/Row 1 Column 2/Row 1 

Column 0/Row 2 Column 1/Row 2 Column 2/Row 2 

Table 3.2: An illustration of how a table is structured in MySQL. Each row is connected to the tables columns; 

one row represents a post that store data that are defined in each column.  

 

Along with the previous described software, these programming languages and/or protocols 

have been investigated: 

● Python 

● HTML 

● Secure Shell 

 

Python is a high-level programming language that can be used to build anything from short 

scripts to a full-fledged GUI. Python is recognized for having simple syntax and being easy to 

understand especially for anyone with previous programming experience. [25] 

A HTML website makes it possible to create a visual interface and, for instance, can 

communicate with HTTP. [26] 

Secure Shell (SSH) is an encrypted network protocol that allows remote login and other 

network services to operate securely over an unsecured network through a client-server 

architecture. Common application includes remote command-line login and remote 

execution, but any network service can be secured with SSH. [30] 
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In order to fulfil the criteria stated in section 2.1.1, they had to be accommodated and 

customized together with the theory and previous work done. To accomplish this, both 

system design and implementation have been developed with this as the main focus.  

 

The works of this project is a part of an overall bigger project and is the continued work of 

Patrik Ström and Niclas Kaiste previous works [3,4]. Because of this some parameters were 

already set before we began and we also had a few criteria (see section 2.1.1) that we had to 

follow when designing the system. The Idea was to create something that would be easy to 

use, cheap, flexible and also easily adaptable for different potential scenarios. There was also 

a request from TIC that the system should be capable of scaling up in the sense of connecting 

multiple sensor devices, and also that multiple systems could be used simultaneously. 

 

The first step that was taken was to acquire information relevant to the project. As mentioned 

previously, there are two previous thesis done at TIC (Niclas’ and Patrik’s work [3,4]) which 

this project was supposed to be based on. Having a good understanding of these two previous 

works was essential to be able to continue on the same project. Both theses elaborate on how 

a further system could look like and be designed. 

 

With the knowledge of the two previous projects, a schematic of how the system would look 

like was designed. The proposed system schematic of how it was going to look like is 

depicted in figure 4.1. 
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Figure 4.1: A schematic of the entire flow of information on the hardware side of the system.  

 

As seen below, this system can be divided into three main parts when describing it: 

● Hardware (Raspberry Pi, RFID & BT) 

● Software Node-Red (Data flow) 

● Graphical Interface and HTML-website (Interaction) 

 

The combination and the interface between these three main parts have been the main focus. 

Hereafter is a description of the decisions made regarding system design and implementation 

on both hardware and software level.  

 

 

The Raspberry Pi is the core of the system that controls and run the system. Along with the 

Raspberry Pi touchscreen, RFID reader and the BLE112 dongle, makes it a complete system. 

Hereafter follows a description of the used hardware.  

 

It was clear that the Raspberry Pi would be the main component amongst the hardware, by 

fulfilling requirements like low cost, ease of work, connect ability, physical size and 

versatility. To the Raspberry Pi, other hardware was connected. This is what makes choosing 
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the right main processing device so imperative. Since nearly all other hardware in this project 

will have to be connected through it in one way or the other. 

 

For the Raspberry Pi to work the first step was to get a microSD card and flash an OS (in this 

case Raspbian Jessie) onto it. This was done using a third part program in a windows 

environment and instructions from Raspberry Pi’s website. [18] 

 

TIC had a Raspberry Pi touch display which connects directly into the Raspberry Pi’s display 

interface (DSI). No further configurations are required for it to work. The advantage of this 

screen is that it aside from the graphical part also offers a mouse through the touchscreen also 

without any further configurations or having to occupy a USB slot. In figure 4.3 is a picture 

of the screen.  

 

 

Figure 4.3: A picture of the Raspberry Pi touchscreen.  

 

The RFID-reader (RFID-RC522) is connected to the Raspberry Pi's GPIOs and 

communicating through SPI. Since the library BCM2835 [28] requires root access to 

/dev/mem in order to work, the executable C++ code from previous works [27] have to be 

executed with root access. 
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The code runs in daemon node in NR. Since the RFID-reader code return the RFID-code that 

got read to stdout, the daemon node outputs the data that it receives from the RFID-reader, 

see figure 4.4 for a description. 

 

 
Figure 4.4: How the daemon node is used for RFID-reader in Node-Red. 

 

In the beginning there were some issues with the RFID-reader not reading any tags and 

seemingly freezing up. It was first unclear as to why these lock ups occurred and the RPi had 

to be rebooted for it to function properly again. This problem however was fixed with an 

update of the RFID software taken from Patrik’s project and have not been encountered 

since. 

 

 

Through TIC we also had access to both an iHealth Wireless Pulse Oximeter and an iHealth 

Blood Pressure Monitor which could be used to test the system. These are as previously 
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mentioned easy to use products aimed for the consumer market. Connecting these devices is 

simple since they only had one button and a tiny display showing connection status. 

 

Although there were a lot of alternatives, Raspberry Pi 2 model B was chosen as the main 

processing unit for this system. Other alternatives include Arduino, Beagle Bone Black 

(BBB), Intel Edison, various kinds of tablets, computers (laptops) and even smartphones. All 

these units have the necessary computing power to handle these tasks but lacked other 

features that was important for this project. In figure 4.2, pictures of different potential main 

processing devices are depicted. A more comprehensive comparison between the different 

options will hereby be described. 

 

 

Figure 4.2: (1) Intel Edison on an Arduino breakout board, (2) Arduino Uno and (3) Raspberry Pi 2 Model B. 
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The closest candidate to using the Raspberry Pi would probably have been to use a BBB. The 

BBB is very similar to the RPi in both physical aspects as well as in performance and aimed 

usage areas. The RPi could have been substituted for a BBB since they both run Linux OS, 

comes with USB connectivity and GPIO pins. However, at the time of this thesis RPi is still a 

bit more affordable with its US$35 over BBB’s US$49. But the main reason for not choosing 

the BBB in this case was the simple answer that they had two Raspberry Pi units at TIC that 

we were offered to use. 

 

Next option was to use a laptop or desktop running either windows or some kind of Linux 

operative system. The main issue with using a laptop as to compared to a Raspberry Pi is due 

to its size. One of the Raspberry Pi’s main selling point is the light weight of the system and 

its portability. Even though it would be possible to carry around a laptop or even have a 

laptop stationed in every room needed, it would still not be as practical as using the 

Raspberry Pi. Another downside to using laptops or desktops instead of Raspberry Pi is the 

cost. The Raspberry Pi is intentionally made affordable to be available to as many people as 

possible targeting between US$20 - US$35 each depending on model. This is a price range 

that is extremely difficult, if not impossible to reach if one wishes to find a usable desktops or 

laptop. 

 

The next option would be an Arduino unit. Arduino, much like the Raspberry Pi is a credit 

card sized processing unit. The Arduino however, is not a computer in the same sense as the 

Raspberry Pi but rather a microcontroller. The difference is that the Raspberry Pi for instance 

has a processing unit for sound, graphics, and ability to connect peripherals through, for 

instance USB. All these features are absent in an Arduino unit. The Arduino is essentially a 

processing unit that lacks any kind of operating system, meaning that the user would have to 

program everything themselves. Even though it is possible to add all these features the 

processing power of an Arduino is much weaker than that of a Raspberry Pi. This would limit 

the project quite a lot in the sense of for instance GUI and data handling with other 

peripherals and internet connectivity. 

 

The advantage of using Arduino over Raspberry Pi is that one could find Arduinos that are 

cheaper than Raspberry Pi. Especially since the market is flooded with cheap Arduino copies. 

However, this does not weigh up to the amount of work one would have to put in to get the 
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same kind of user friendly interface. Not to mention the poor performance that would be 

expected from the lesser powerful CPU. 

 

These were never really thought of as options, partially because we already had access to 

Raspberry Pi units that fulfilled all the requirements. But another reason was also that tablets, 

smartphones and Edison are either too expensive, hard to work with or just not suited for this 

kind of project. A smartphone or tablet could probably be used to interact with the finished 

system later but using them as part of the system was just not feasible at the moment due to 

the fact that they are just too complicated. These units also tend to cost quite a lot more than 

the US$35 target price that Raspberry Pi 2 Model B has. 

 

 

 

Node-Red (NR) would be the key component in software so the next step was to configure 

the Raspberry Pi for its task. For it to be able to handle RFID reads a RFID-reader needed to 

be connected to the Raspberry Pi through the serial pins and a piece of software that was 

created in a previous thesis installed, together with the BCM2835 library. 

 

For the purpose of testing BT connections, Bluegigas BLE GUI was used to simulate 

different BT devices. A USB bluetooth module was attached to a desktop running Windows 7 

on which Bluegiga was installed. From the BLE GUI it was possible to discover other BLE 

devices within range and a paired connection could be established. Different parameters 

could be set and the contents of packages could be typed in manually before being sent to the 

paired device. 

 

 

The NR flow consist mainly of function nodes and daemon nodes. The process creating the 

flow was similar to the sketch in figure 4.1. Since we had previous code for both the RFID-
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reader and the bluetooth, the main focus was to make a system that can interpret the data and 

gather it to output in a package.  

 

The main idea is that every input type has its own RFID-tag. In order to connect a RFID-tag 

to an input type (employee, patient or gadget) a MySQL database was created. In the 

database, a certain set of attributes get connected to each type that are exclusive for that 

specific type (see table 4.1 for the type specific attributes). This makes it possible to 

differentiate and tie data to a RFID-tag. In figure 4.5 is the part of the flow which handles the 

RFID-read and output the specific type attributes. 

 

 
Figure 4.5: A print screen of flow that connect a RFID-tag read to a specific input type. 

 

Now follows a description of the flow above in figure 4.5. The flow uses two central nodes 

that are community created and have been imported to NR: 

● Daemon-node 

● MySQL-node 

 

The daemon node is a central node in the created NR-flow. All executables run from this 

(RFID-code, graphical interface and BT-sensor-code). These run by writing the path of the 

executable in the “Command”-field, as shown in figure 4.6.  
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Figure 4.6: Print of how the daemon node are configured for the RFID-node. 

 

In order to communicate with the MySQL database, a MySQL node [31] had to be imported 

to NR. This node receives a query at the input of the node (see figure 4.7) with the read 

RFID-tag from RFID-node, that checks if the RFID-tag is defined in the MySQL-database.  

 

 
Figure 4.7: The function node that provide the MySQL-node with a query that looks for the RFID-tag that have 

been read by the RFID-reader. 

 

In order for the MySQL-node to read from the defined database on the Raspberry Pi, the 

password for the local MySQL user and database have to be defined in the node. In figure 4.8 

are the settings for the MySQL-node.  

 



28 

 

  
Figure 4.8: Print screen of how the MySQL node has been setup.  

 

To keep track of the data a MySQL database is used. The table store RFID-tags connected to 

predefined patients, employees and devices. In table 4.1 is an overview of the database.  

 

 

 

 Type Name Surname RFID-tag Personal 

code 

number 

HSA-ID MAC- 
address 

UUID 

Employee employee Name Surname RFID- 
code 

n/a XXXXX n/a n/a 

Patient patient Name Surname RFID- 
code 

YYMMDD

-XXXX 
n/a n/a n/a 

Gadget gadget Name n/a RFID- 
code 

n/a n/a XX-XX- 
XX-XX- 
XX-XX 

XXXX 

Table 4.1: An illustration of the rfidtags table. It matches the RFID tag and then return the tied attributes on the 

same row. 
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In order for the system to handle the outputted data from the MySQL node, message parsing 

for the interface had to be made. If the RFID-tag is found in the database, the output from the 

MySQL-node will be an array containing the found type of data with the corresponding 

columns as parameters to the array. A description of how the parsing from the MySQL-node 

has been done will now follow.  

 

The system expects one of the three different types: employee, patient or a gadget. An initial 

solution for parsing was made as seen in figure 4.9. At first the solution was to identify the 

type of the received array, and then pick out the data for the corresponding type and build it 

into a string. This solution was later in the project process found to be a bit untidy so another 

solution was created (see JSON parsing/encoding).  

 

 
Figure 4.9: Snippet of the code used in the first version of message parsing and encoding. 

 

 

The output from the MySQL is still interpreted in the same way as the first solution. The 

difference here is that the message which is sent to the next node will be received as an object 

(JSON-string) instead of a regular string. This makes the parsing of the data easier to manage 

for the receiver, since it is an object with connected attributes, much tidier. With JSON, data 
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can be extracted from in a standardized way rather than with a regular string that have to be 

parsed manually. In figure 4.10 is a print of how the parsed data from the MySQL node gets 

JSON encoding. 

 

 
 

Figure 4.10: A print screen of the function-node that parse and JSON-encode the data. 

 

To be able to identify what kind of data the nodes have received a data protocol has been 

used. All data sent in the flow are objects (JSON) that carry the data along with a header, see 

table 4.2 for how the protocol is implemented.  

 

Input data Header 

RFID-tags employee, patient or gadget 

BT-sensor data value, bt_debug 

Table 4.2: A table of how the system separated different input data. The header of the specific data serves as a 

tool to recognize what type of data that have been received.  

 

If the parsing node has received a header with a gadget (see table 4.2), a message will be sent 

to the GUI to show that the gadget has been read by the RFID-reader. A parallel message is 

sent to the BT-node with the header “value” and the gadgets corresponding MAC-address 

and the UUID for the gadget. This makes the BT-code search for the UUID and try to 

connect to the gadget. When a connection is established, the BT-code will encode a message 

with the value header and send it to both interfaces. 
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In order for the user to get feedback from the system an interface between the user and the 

system was made. To make the system flexible two separate interfaces was made, one 

HTML-website and one GUI. In section 4.8.1 and 4.8.2 follows a description of the two. 

 

The parsed data that have been received from the parsing will be displayed in a simple table 

as figure 4.11 shows. The website serves as a display for the user of what data the system has 

received and what measurements have been made.  

 
Figure 4.11: A snapshot of the local HTML-web site. 

 

A flow consisting of a HTTP-request-node, a template node, a HTTP-response node and a 

custom made HTML-website has been setup to run locally on the Raspberry Pi. This website 

could as well be an external website but to show the functionality of the system the website 

has been run locally. In figure 4.12 is a print screen of the flow that manage the local website.  

 

 
Figure 4.12: The flow that create the local website “Akuten-prototyp”. To the far left is the HTTP-request-node 

that then sends a GET-request to the template that will output a HTTP-response.  

 

 

 The HTML-website consist of three main parts: 

 

● HTML-website template 
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● Input/output web sockets 

● HTTP-request and HTTP-response 

 

The template is responsible of what the website will look like. It consists of HTML-code that 

determine what the website will look like along with JavaScript-code that are responsible for 

the functionality on the website.  

 

The second interface was developed in Python built with the library Tkinter. [32] The 

purpose of the GUI is to give the user feedback on what kind of RFID-tags that have been 

read and what sensor data that have been received. In figure 4.13 is a picture of the GUI. 

 

 
Figure 4.13: A snapshot of an example session of the created graphical interface. 

 

As seen in figure 4.13 above, the GUI is divided in five tabs. These tabs show what RFID 

employee, patient and gadget that have been read and recognized by the database. It will also 

show the measured values from the added gadgets. The five tabs are: 

 

● Employee 

● Patient  

● Gadget  

● Debug window 

● Buttons 
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Each of the type tabs (employee, patient gadget) will be updated with the attributes that are 

connected to the RFID-tag in the MySQL database. This data will be received through the 

JSON-encoded message and each specific attributes will be shown for the type.  

 

The employee tab will show the attributes that have been stored in the MySQL-database for 

the type “employee”.  

In the patient tab the attributes for the type “patient” is shown. If the session with the patient 

needs notes it can be added in the “Notes” section, which will be added to the output.  

The gadget tab holds a list of the added gadgets for the session. Each item in the list shows 

the name of the gadget, the gadgets MAC-address, the RFID and the measured data.  

In the debug tab actions that have been made by the user will be displayed. This includes tab 

changes, error messages etc. How a debug message is constructed can be seen in figure 4.14. 

 

 
Figure 4.14: A illustration of the composed debug message. A timestamp of when the action or change were 

made, the involved data and the message of what have happened at the end of the debug message. (*will be left 

empty if the debug message does not concern any session data).  

 

The button tab is composed of three buttons and represents the actions that the user can take 

in the GUI. In figure 4.15 a print screen of the buttons is shown.  

To remove a gadget, the user selects a gadget in the list followed by the “Remove Gadget”-

button. The “Clear Session”-button will clear the current session of data in the GUI. By 

pressing the “Send Session”-button the session and its values that have been registered will 

be sent to stdout of the GUI-node, see section 4.9 for further details.  

 

 
Figure 4.15: The three buttons in the graphical interface.  

 

The test server for medical records at TIC uses HTTP-requests to exchange data between 

systems. The focus was not to communicate directly with the TIC test server but something 

similar. Hence, the focus on the output data was to make a HTTP-POST against something 

similar to the real test server.  

 

To get the similar functionality a HTTP-POST-node had to be connected to the output from 

the GUI as well as the HTML-website. On input, the HTTP-POST-node makes a request 

against a test server. In figure 4.16 is the part flow that handle the output.  
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Figure 4.16: If the request was successful the JSON Output-node will print a response of the request made.  

 

If the HTTP-POST request was successful, a response from the test server will be received 

and printed to the NR terminal as shown in figure 4.17.  

 
Figure 4.17: A successful HTTP-POST request made and being printed in the Node-Red terminal.  

 

Working two people on this project, it was decided that the best way was to divide the project 

into smaller tasks and then work on different tasks to avoid double work. In the beginning we 

only had access to one Raspberry Pi which meant that only one person could work at a time.  

 

Following will be an overall description of the steps made to set up the Raspberry Pi and to 

get the functionality of where the previous work at TIC ended. [3,4] 

 

In the planning of the system it was important to know all the limitations, requirements and 

resources available. The first thing we did was to draw a rough mind map of what we 

expected the resulting project to be like (see figure 4.1). In this mind map we placed the 
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Raspberry Pi as the centre hub for all hardware and NR as the centre of all software. All 

connections were drawn out according to the direction data or communication happened.  

 

The next step was to install the OS (Raspbian) onto the Raspberry Pi. [18] However, shortly 

after this we started getting into some difficulties. Being fairly new to Linux environment 

meant that we had to learn most of the basics of the operating system like how to update the 

system and how to install applications. 

 

At first the Raspberry Pi was connected to a screen through the HDMI port including mouse, 

keyboard, USB Wi-Fi-dongle, USB BT 4.0 and a RFID card reader connected through the 

GPIO. This setup was thought to be needed to be able to use the Raspberry Pi. However, we 

were later informed that one can easily connect remotely to the Raspberry Pi through SSH if 

it is properly connected to the network and its IP address is known. Following that revelation 

most of the communication and interaction with the Raspberry Pi was done through the use 

of SSH. 

 

The system was set up according to the instructions found in [3] and the BCM2835 external 

library had to be downloaded. This library was necessary for the RFID-tag reader to work. 

This however proved to be a bit more tedious than anticipated. The first few tries, the 

downloading and installation of the library was done incorrectly since it was placed in the 

wrong location to be recognized by the program. This was due to a skipped step in the 

instructions combined with inadequate knowledge of how Linux systems work. After a 

couple more tries the library was finally installed correctly. However, due to a typo in the 

instructions the library was incorrectly referenced, which led to a series of complications 

trying to figure out what was wrong. Once the typo however was discovered the program 

finally booted up and worked as advertised. 

 

The working program printed the ID of a RFID-tag or card that was registered by the RFID-

reader. This was basically as far as one of the thesis got and where we were supposed to 

continue from. To get the RFID-tags into NR and utilise it, the daemon node had to be 

installed. This also proved to be a bit more complicated. With broken packages, corrupted 

files and other errors the process of getting the daemon node into NR and to get it up and 

running took far longer time than anticipated. The reason daemon node was needed was that 

it is used to start the C++ application that handles the data read from the RFID-reader.  

 

NR comes preinstalled in the Raspbian distribution, together with some Raspberry Pi specific 

nodes. NR can be run with two different instances: with or without root privileges. The two 

instances have their own separate user-directories, meaning the installations and work done 
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on their own instances are not shared between the two. This resulted in some confusion as to 

which instance of NR that was started when opening NR.  

In order for the C++ application to be able to run, for the RFID-reader, root privileges had to 

be used. This led to that NR had to be run with root privileges as well. Before this was 

figured out, quite some time was spent on wondering why the RFID-reader was not able to be 

integrated with NR.  

 

While the work of integrating the RFID system with NR was ongoing we still lacked the 

second Raspberry Pi, a second bluetooth module and the source code for the bluetooth part. 

However, once we received the second Raspberry Pi setup the work of getting bluetooth 

communication working could begin. This unfortunately was not either without its fair share 

of problems. Trying to get daemon installed and working on the second RPi took just as 

much effort and time as for the first RPi, if not more. Here the problems we encountered were 

everything from corrupted files, problems downloading, file system errors to compilation and 

boot up errors. Many of these errors and problems led to reformatting and re-installing of 

Raspbian as a solution. In total one of the RPi’s was reformatted about six times. 

 

 

 

  



37 

 

 

Due to the size of the proposed system it has been divided into smaller parts and thus will be 

evaluated as such. These parts consist of the Raspberry Pi, peripherals, Node-Red, and GUI. 

Each of these will have an in depth objective evaluation of the result. In figure 5.1 is a picture 

of the system connected to the Raspberry Pi screen and RFID-reader.  

 

 
Figure 5.1: A picture of the complete system. A Raspberry Pi is connected to the Raspberry Pi screen, RFID-

reader, three different rfid-tags and a second Raspberry Pi unit at the top, right corner.  
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The goal with the Raspberry Pi was to have something all other hardware could connect to 

and that would route all received information to NR for further routing. This goal was 

achieved as all the tested external devices were able to connect to the Raspberry Pi, either 

through wire or wireless connection. These devices were RFID card reader, USB Wi-Fi-

dongle, a keyboard, and a Raspberry Pi seven inches LCD touchscreen. Some of these 

peripherals are necessary for the system to work, like RFID-reader and others are optional 

like the Wi-Fi-dongle. 

The Raspberry Pi performed well with its role as a central hub for the other devices and did 

not give any indication of being under too much load or having any difficulties processing all 

the data going through it. With its four USB ports, enough peripherals could be connected 

without the need for an USB extension hub. Being able to run high level programs made it 

also quite easy to develop the GUI and integrate it with NR. 

 

The RFID card reader did work as expected most of the time, reading RFID-tags and sending 

data through SPI connection to the Raspberry Pi. However, the performance of the card 

reader was poor and at times unreliable. We had about 15 different RFID cards that we tried 

on the reader to see which and how many cards it could read but it was only able to 

recognized three cards, two of which came with the RFID-reader. The cards we tried ranged 

from bank cards, ID cards to gym pass cards, bus cards and all kinds of pass cards. This 

meant that only a small portion of the cards were recognized. We did manage to get a read of 

near field communication (NFC) equipped cell phones. However, these tend to random 

generate IDs between reads making them much harder to identify and therefore unsuitable for 

this project. 

 

The LCD touchscreen was a great feature for this system allowing for intuitive use of the 

GUI that was developed. Although the screen might seem quite small measuring seven inch 

across, it was still large enough to display all the useful information on the screen without the 

need to scroll. 
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Node-Red was surprisingly easy to learn and worked very well. Most of the nodes were easy 

to use and worked as advertised. The only problem we encountered with NR was that it at 

times became a bit limiting by not having full control of the nodes. For instance, nodes are 

triggered by events and triggers, meaning that one cannot turn on or off individual nodes 

manually. There is surly a way to get around this somehow but that would require some more 

advanced knowledge of NR and perhaps JavaScript programming. In figure 5.2 is a picture of 

the complete NR flow.  

 
Figure 5.2: The complete Node-Red flow, that process input from the RFID-tags through a MySQL database as 

well as the bluetooth input. Then outputs display the data on the graphical interface and the local HTML 

website. From the graphical interface or the HTML website an output HTTP-POST can be made of the received 

input data.  

 

The complete NR flow can be divided into 3 major parts: 

● Input 

○ RFID-input and MySQL 

○ Manual input 

○ Bluetooth collector 

● Interface 

○ GUI  

○ Website 

● Output 

Now follows a detailed description of all parts of the complete NR flow.  
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One of the inputs into the system can be received through the RFID-reader. When a reading 

an of a RFID-tag is made, which will be sent from the daemon-node into a function-node. 

The function node will send a query to the MySQL-node that checks for the RFID-tag. If the 

RFID-tag is defined in the database, the attributes connected to the RFID-tag will be 

outputted from the MySQL-node into a “function”-node that will parse the data and encode 

the data.  

The encoding is done as shown in table 4.1 for each of the different types into a JSON-string. 

The output from this node will go to the two interface and/or into the bluetooth collector 

depending on the type.  Figure 5.3 show the flow that handles the bluetooth collector.  

 

  

 
Figure 5.3: A print screen of the part that handles the RFID-reader and MySQL queries in the Node-Red flow. 

After a query is sent to the MySQL-node, an output will be sent to a function-node for parsing and encoding into 

a JSON-string. 

 

An additional way to input data into the system is by “Manual input”. The input is written 

into a simple Python interface that runs in a daemon-node. By writing the data into the 

interface data can be inserted to the created HTML website. In figure 5.4 is a print of the 

input interface started on the Raspberry Pi.  

 

 

 
Figure 5.4: Print screen of the manual input. By writing data into the entry fields followed by pressing the 

“Submit” button the data will be sent as a JSON-string from the daemon-node into Node-Red. 
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The daemon-node that runs the manual input interface will output the data into a JSON-node. 

The JSON-node will make the management of the JSON-data consistent through the NR 

flow. Lastly, the data will be outputted to the HTML website. In figure 5.5 is a print screen of 

the part in the flow that handles the manual input.  

 
Figure 5.5: A part of the complete Node-Red flow that handles the manual input. The data will be sent from the 

“Manual input”-node to the HTML website for display.  

 

Input from sensors into the system are handled by the bluetooth collector code. The bluetooth 

code is written in Python and runs in a daemon-node in the NR flow.  

By reading a gadget-RFID-tag, the parse/encoding node will send data (see figure 5.6) to the 

bluetooth collector code for connection with a corresponding gadget.  

 

type mac_address uuid value 

bt_value XX-XX-XX-XX-XX-

XX 

XXXX *Measured value* 

 

Figure 5.6: An illustration of the data sent to the bluetooth collector code. The bluetooth collector code will 

connect to the received MAC-address to the corresponding UUID. After the bluetooth collector have received a 

value it will be sent for display to the HTML website and the GUI.  
.  

After the collector code have received data from the sensor, data will be sent to both the GUI 

and the HTML website. In figure 5.7 is a print screen of the part that manage the bluetooth 

collector code.  

 

 
Figure 5.7: A print screen of the of the complete Node-Red flow that handles the bluetooth collector code. 
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The two created interfaces have been a tremendous help when the system was under 

development. Although not a requirement for the built system to function as intended, the 

experience with the system got far better as well as more intuitive with a graphical interface. 

These interfaces helped debug, choose actions display data and even run test scenarios 

whenever needed in an easy to understand. In figure 5.8 is a print screen of the two interfaces 

in NR. 

 
Figure 5.8: A print screen of a part of the complete Node-Red flow. The node at the top is the input to the HTML 

website and at the bottom is the GUI running in a daemon-node. The HTML website get input from a configured 

web socket that sends data to the locally created website.  

 

Learning to build a GUI in Python was quite easy since we had knowledge from previous 

projects of graphical programming. The only problem that we encountered while creating the 

GUI was the communication with NR through stdin. In order to get input data to the GUI a 

polling thread of stdin had to be made, since the daemon node used stdin as input/output 

peripheral.  

By reading stdin without having it run in a separate thread made it occupy all processing time 

from the GUI. i.e. processing button presses, updating frames etc. was not executed which led 

to the GUI-frame freezing. With the polling thread, the main thread for the GUI was relieved 

from workload and the GUI ran as expected.  

The GUI runs in a daemon-node where input is received from both the parse/encoding-node 

and the bluetooth collector node. The output is connected to a http-request node that will 

output the data displayed on the GUI when the “Send Session” is pressed in the GUI. In 

figure 5.9 is a print of the GUI.  
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Figure 5.9: A print screen of the GUI. The data received from the parse/encode-node will be displayed, 

depending on the type, in the corresponding section of the GUI.  

 

Depending on what type is received, the data will be handled differently. If the one of the 

types “patient“ or “employee” is received, the data will be extracted that is connected to that 

specific type (see table 4.1 for attribute specifications) and displayed on the GUI.  

If the type “gadget” is received, the GUI will display data similarly to the “patient” and 

“employee”. The difference is that a check will be made to see if the gadget has been 

previously added.  

If the gadget already has been added, nothing but a debug message will be printed. This is 

followed by an input from the bluetooth collector code that have is recognized by the type 

“value”. To connect the gadget with the received value, a comparison is made. This is done 

by comparing the MAC-address included in the “value” data package with existing MAC-

addresses that have been added by the “gadget” type. If a matching MAC-address is found, 

the measured value from the sensor will be connected to the gadget and displayed in the GUI.  

When the type “value” is received, the gadget, along with the attributes, will be logged into a 

text file locally on the RPi with a timestamp attached to it. In figure 5.10 is a print of the text 

file with logged sensor values. 

 

 

 
Figure 5.10: A print screen of logged values from sensors. The log file is hardcoded in the source code and is 

called “log_file” and is stored locally on the Raspberry Pi.  
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The purpose of multiple interfaces was mainly created for the system to be even more 

flexible. The website was created to show the potential of the system. Because of this the 

website is a cut-down version of the GUI only showing parts of the saved data received from 

the message encoding/parsing node. The data is extracted is similar as in the GUI. In figure 

5.11 is a print screen of the HTML website.  

 

 
Figure 5.11: A print screen of the HTML website with inserted values from both manual input and RFID-tag 

input.  

 

 

The last part of the NR flow is the output from the either interface. The output both in the 

GUI and the HTML website is controlled by a button. The principle for an output is similar in 

both interfaces. When the button is pressed, a JSON-object will be composed and sent to a 

http request-node. This node will take the received JSON-object and send it to a http Post-test 

server. In figure 5.12 is a print of a part in the complete NR flow that handles the output. 
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Figure 5.12: The nodes that makes the http POST-request from the data sent from the GUI and/or the HTML 

website. If the request is successful, a response will be received. 

 

If the http POST was successful, the message that is returned will be printed in the NR debug 

window. In figure 5.13 is a print screen of a successful http POST.  

 

 

 

 
Figure 5.13: The returned from a successful http POST printed in the Node-Red debug window. Each data is 

connected to the corresponding attribute.  

 

 

In order to get data of how time efficient the system was, tests were conducted. The total time 

from system start to a JSON-string output takes approximately three minutes. This includes a 

full system start, starting the NR flow, reading and fetching data connected to the RFID-tag 

and generating an output to a test server from one of the interfaces.  
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No major bugs have been detected during operation and the system delivers expected results. 

The minor bugs that were encountered was that the RFID in the beginning sometimes could 

lock up, not reading any cards. This was however fixed with a software update and have not 

been encountered since. 

 

Using this system is a matter of tagging smart cards. It takes about a second for the system to 

recognize a smart card and display relevant information on the screen. Connecting an external 

device through bluetooth usually takes less than three seconds if the host is known but varies 

widely from three to more than ten seconds if the host is unknown. 

 

For the sake of flexibility, the system allows for some easy reconfiguration in NR. By, for 

instance, swapping out the GUI node to the HTML node one can get the output on a remote 

computer through internet. This will allow medical staff to remotely operate the system (with 

some limitations) without actually having to be where the RPi is. By swapping out the RFID 

nodes to manual nodes one does not need to use RFID to tag in information but can instead 

type in information manually with a keyboard instead. These are just two examples of nodes 

that have been added by us to make the system more flexible. More nodes like this could be 

created and added allowing for complete customization depending on situation.  
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In chapter 6 a discussion of the results from each submodule in the system will be presented. 

Following this, there will also be an evaluation of the entire system as well as a discussion of 

the used method. 

 

In the beginning we only had access to one unit of the RPi. This was somewhat limiting since 

most of the things that needed to be done was on the Raspberry Pi. In hindsight it was clear 

that other parts could have been developed without a Raspberry Pi, like the GUI and 

bluetooth connectivity. Eventually a second Raspberry Pi was given to us containing the 

source code developed in the previous work done at TIC, which helped us to work more 

efficiently by working on different RPi’s simultaneously. 

 

The problems we had with the RPi was mainly software related. We did not experience any 

significant hardware related issues. The only complaint worth mentioning is the limited 

processing power of the RPi. This was more of an annoyance than a restriction since the RPi 

had no problem to run both our applications and NR while communicating with external 

devices. The only time the hardware limitations actually were noticed were during 

installation of large programs and during updating/upgrading of software. This could take 

quite a while for the small RPi to process and finish. A RPi 3 with improved specifications 

and a faster processor could have been used instead for this project. But the extra cost of 

upgrading to a RPi 3 would only be justified for the sake of inpatients when performing big 

tasks rather than to be able to run the system. 

 

As mentioned earlier in the results, the RFID-reader's ability to recognizing other RFID-tags 

and cards, except for those delivered with the reader, was a bit disappointing. We believe that 

the reason for this poor hit rate was due to the belief that the frequency range of which the 
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reader operated was too narrow. Being the simplest and cheapest model of RFID-readers also 

meant that there was no way to tune the frequency to match other cards. 

There are RFID-readers with adjustable frequency settings that allows for a broader range of 

reads and recognition. This would have been preferable over a static RFID-reader, since that 

would have allowed us to use more RFID cards and especially the same type of cards used by 

the medical staff at Medfak. 

 

 

The use of Node-Red has been invaluable for this project, connecting the Raspberry Pi, not 

only to its peripherals but also to the outside environment. Thanks to NR it was easy to 

connect the Raspberry Pi to all the different connections needed like databases, web pages 

and internal programs. All these connections that were made would have been incredibly time 

consuming for us otherwise since we lack relevant experience in these fields and thus we 

would have had to learn all these protocols, APIs, scripts, etc. and how they are used. 

 

The biggest advantage of NR is that it is incredibly easy to use, dragging predefined nodes 

around and connecting them. This however was also one of the biggest drawbacks we noticed 

with NR. Making the interface so easy also meant that one had limited control over what was 

happening. For small and easy projects, this might not be a problem but for bigger and more 

advanced flows this can be a bit frustrating. For us the biggest limitation was how the nodes 

operated. As far as we could tell the nodes only operated from triggers and happenings. This 

means there is the option of creating your own nodes to suit specific needs, which is what 

more advanced flows probably will require, however this means that the user is experienced 

in programming and especially JavaScript. 

 

Creating two graphical interfaces made the system as a whole more intuitive and easier to 

understand. Although the time spend on making it user-friendly was more time consuming 

than what was anticipated. The project group had previous experience of building a graphical 

interface with the exception of the two chosen programming languages (Python and HTML). 

The process of learning the two was not a big issue since both of them have a quite simple 

and easy-to-learn syntax.  

 

In hindsight less time spent on the user-interface and more on the scalability could have made 

the system even more flexible. However, a trade-off between scalability and user-friendliness 
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had to be made in order to make the system comprehensive to be able to meet the criteria in 

the project.  

 

The LCD touchscreen was added primarily to allow for user interaction through the GUI. The 

system would still work and operate as intended without a screen attached but since we were 

aiming for ease of use and intuitive interaction it was a good choice to add. An added bonus 

was the touch capability, since this made the system even more versatile and easy to use than 

for instance a mouse and a standard monitor. 

The small size of the screen made it great for portability and easy movement. This however 

meant that the GUI needed to be a bit compact to be able to fit all the important information 

onto the screen and thus the displayed text might be perceived by some as too small and a bit 

hard to read. 

 

To see if this project lived up to both our and TICs expectations we must compare the system 

with the criteria we had set for us at the beginning. The criteria to fulfil in the project were 

the following: 

 

● Integrate with Node-Red 

● Handle HTTP request and communication 

● Ease of use/User friendly 

● Cheap Hardware 

● The system had to be flexible/scalable 

 

The top two arguments are fulfilled since we use NR for the routing of data between devices 

and we also use HTTP-requests to handle communication with distant servers to send data. 

 

We also consider our system to be both user friendly and intuitive. This is because there are 

no major configurations that needs to be done to be able to use it. As long as all necessary 

programs are running and all hardware is properly connected it will be a matter of tagging 

smart cards to use the system. All necessary information is displayed on the screen and one 

selects application by tapping the screen (provided that the touchscreen is used). 

 

We did a small test where an outside person with no medical or engineering experience at all 

got to see the interface and try to figure out how it worked. With the concept of the system 
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explained to the person mentioned, that person was able to use the system without any kind 

of problems. 

 

The hardware that was used for this project was mainly a Raspberry Pi 2 B and to this we had 

a BLED112 dongle, RFID-RC522 card reader and a touchscreen connected. This is basically 

the minimum requirements for the hardware (not including the sensor units) for the system to 

work as intended. These are all cheap and broadly available products. Of course each of these 

peripherals could be substituted for others higher up on the price range, and for some, like the 

RFID-RC522 it is even recommended to do so. But in comparison to what specialised 

equipment developed for medical use usually range from it is quite safe to say that this 

system is a cheap prototype. 

 

To compare the system with the last criterion we need to be able to use the system in different 

scenarios with minor to no changes to the system. It should be easy to adapt the system to 

different environments without the need for complicated configurations or advanced source 

code changes. This can be done by some quick changes in NR and the flow. 

 

The second part about scalability meant that one should be able to connect to several external 

devices and collect information from them simultaneously. This is where the systems fall a 

bit short. Due to a security measure put on BLE devices, they do not show their MAC-

address when advertising unless it is written in the source code. This meant that it was 

impossible to identify some devices by their advertisement. 

 

 

The method we used worked well for us even though there were some things we would have 

done differently had we done this project again. We will briefly discuss the methods used for 

the different parts of the project and highlight the most important aspects of these. 

 

Not too much thought was put into which hardware we were supposed to use since it was 

partially decided before we even got this project assignment from TIC. This project was a 

continued work on two other thesis works and so it was natural to use the same kind of 

equipment as was used for the previous works. Even though we could have opposed this and 

probably argued for another device like, for instance Arduino, since both of us have previous 

experience with Arduino, we felt that the RPi was a much better suited device for this task.  
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Using an Arduino would not allow us to use the programs written in the previous thesis since 

those are high level programs which is something the Arduino cannot handle. This would 

mean that we would have to rewrite code for receiving data reads from the RFID reader and 

that communication with other peripherals would have been limited. Another issue is that 

since the Arduino lacks USB ports the BLE dongle would have had to be replaced with 

another BLE device. The complexity of the program and system would have also been very 

limited since the Arduino have even less processing power than the RPi and thus a GUI like 

the one we have developed would have been unthinkable. 

 

As previously mentioned some of the tasks planned could have been developed without 

setting up the Raspberry Pi to the point we did, and some even without needing the Raspberry 

Pi at all. One of the big mistakes made during this project was spending too much time trying 

to get both RPi’s set up. This was something that was believed to be necessary at first to be 

able to work efficiently on the project. But it turned out not to be that important to get the 

project done. What should have been done instead was to get one RPi working and then focus 

all RPi dependent development on that system whilst developing the rest, like GUI, on a 

desktop running a Linux environment. 

 

Our lack of experience in Linux surely played a role in a lot of the difficulties we had. This is 

a point worth noting since experience often helps with dealing with common mistakes and 

simple problems. Because even following steps in detail on a step by step tutorial seemed to 

result in some kind of error most of the time. Usually because it was expected that the system 

already had some specific files needed or some configurations set that we did not know of.  

 

These errors are fairly easy to spot if one is used to the Linux system. But for us it took much 

longer time than anticipated because of our inadequate knowledge of Linux. Also being new 

at Linux systems meant that we needed to adapt to command line interface (CLI) computing. 

This, while could be much more efficient and faster than GUI and mouse usage computing, 

was a far more time consuming way of computing for us, when basically every command and 

how they were used needed to be looked up. Simple actions like copying a file (see figure 

6.1) could take up to five minutes due to the fact that we did not know about the copy 

command and how it was used. 

 

 
Figure 6.1: Example of copy command in a command line interface. Copy thread-test.py from Public subfolder 

to Dropbox folder. 
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Having sufficient knowledge in Linux is something we believe would have helped but this is 

hard to prepare for since getting used to a new operative system both takes time and effort. 

The second best thing would have been to have a “go to guy” who was experienced in Linux 

usage. Even though there were people in our surrounding with Linux experience it was either 

hard to get in touch with them or it was hard for them to dedicate the time it would take to 

walk one through some of the process needed. 

Even though we lacked some experience in Linux, there is nothing supporting the idea that 

this project would have been any easier or less tedious on another operative system.  

 

It was rather hard to decide where to begin since we had little experience with Linux systems, 

less experience with RPi and no experience at all with NR. All these are a major part of the 

system which meant that they had to be mastered for us to be able to finish this project. 

 

The software used for simulating sensor values was Bluegiga BLE GUI. As a start we used 

Niclas previous work to understand how the program was used. Although the instructions 

were hard to understand with no clear guideline to follow. This made the experience with the 

software to be trial and error to get simulated values working. In hindsight a meeting with 

Niclas in the beginning would have been helpful, to get a better understanding of how the 

bluetooth program was built. In figure 6.2 is a print screen of Bluegiga BLE GUI.  

 

 
Figure 6.2: Bluegiga BLE GUI. A software used for bluetooth development. 
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Getting to know the issues that medical staff face in their daily work is something that 

requires thorough and close observation. The only background experience we had of hospital 

environment with an engineering perspective was a previous course taken at Medfak. Luckily 

Gunnar Nordqvist and Erik Sundvall both work at TIC which is in close cooperation with the 

medical staff of Medfak. This has enabled them to realize some of these inefficiency 

problems that many of the medical staff probably know of but learn to live with as part of 

their daily work routine. 

 

 

As mentioned before we did experience some issues with lock ups on the RFID-reader in the 

early stages of development but once that was solved, no further disturbance was detected. 

This is an important aspect to consider since having a reliable system is of great importance 

to any kind of medical equipment to avoid any kind of errors. This does not in any way mean 

that the system is 100 % reliable from here on. For us to be able to ensure high reliability a 

proper benchmarking and stress test would have to be conducted. Every possible scenario that 

somehow could disturb the flow of data would have to be tested and evaluated.  

 

As of so far the only thing we can say is that the one of the faults that could lead to getting 

the wrong data is that the GUI would somehow freeze and neglect new values received by the 

Raspberry Pi thus only showing old and outdated data. 

 

The sources used are all selected meticulously. Regards have been taken to for instance 

where the source originate from, how many times it has been cited, how relevant the source is 

and how old it is. Some sources might not have all these criteria fulfilled but might bring up 

some good relevant information and thus have been added. 

 

We had a great deal of problems finding literature about some of the relevant topics like 

administrative work and misidentification problems, that mainly focused on Swedish 

institutes. Most of our sources are based on studies done in medical facilities from other 

countries like United Kingdom, Australia and the United States. This is important to note 

since there are always going to be some differences in how things are done due to 

regulations, laws, culture etc. This might make the comparison to Swedish medical facilities 

less accurate. However, considering that a lot of the Swedish sources used British hospitals in 
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their comparison shows that Swedish facilities are comparable to British facilities in many 

aspects. 

 

Another notable issue with the sources is that when the term ‘doctor’ is used, it is not always 

specified which kind of a doctor. Not knowing much about how the workload is divided 

amongst medical staffs it seems reasonable that some doctors have more administrative work 

than others. And furthermore, a lot of the time, nurses are not included in the studies which 

we later realized might be the staff that actually, most likely, would be the ones using the 

proposed system. 

 

Trying to estimate the value of the system in the sense of how much time is being saved and 

how much of the workload that will be reduced from the medical staff is quite a difficult task. 

The first thing we tried was to estimate how much time medical staff in general put into 

administrative work to try and get a figure to work with. According to our literature studies, it 

was estimated that doctors in average put more than a third of their time on administrative 

work. This source however is based on doctors in United Kingdom and does not really 

specify what kind of doctor.  

 

But using those figures anyway the cost of administrative work ranged from at least 11,840 

SEK to 27,528 SEK per physician and month. Reducing the time spent with these tasks by at 

least half seems like a plausible goal for a system like this. This would of course require 

further development of the system to include a broader variety of input, output and also 

connect ability with different sensor devices and other medical equipment. 

 

During an interview with Gunnar Nordqvist it was confirmed that one major problem that 

recur in the hospital environment is double work. Due to information not being shared 

properly some procedures are unnecessarily done repeatedly. It could for instance be during a 

treatment where a patient’s condition is being measured or monitored. In a hectic situation 

the staff might not always have time to log these measurements but instead rather focus on 

the patient. When the patient later on is moved to another ward, none of the previous 

measurements are available for the new staff and therefore new measurements need to be 

conducted.  
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It has been an incredibly educational experience to work on this project. Going from limited 

knowledge in Linux and none in both NR and Python, we managed to master these well 

enough to develop the system we now have. Developing this system has helped us realize 

some of the issues medical staff are facing and also helped us answer all of the problem 

statements previously stated. 

 

The first problem statement that was asked was whether this system could help improve 

efficiency in a hospital environment. And the short answer to that is yes. 

Estimating an average time of four seconds to connect to a bluetooth device, a session of a 

connected patient, medical staff and a sensor device should be able to be established in less 

than 10 seconds. Once the session is established data will be logged autonomously, freeing up 

time from the medical staff to focus on other things rather than writing down values. 

 

The next problem statement was whether this system could help reduce the amount of 

mistreatment caused due to human error. This is a statement the system has helped to answer 

and the answer is affirmative. A lot of the medical errors that occur are due to medical staff 

misinterpreting the writings of other staff members. By removing the human factor from 

logging values, these mistakes could be prevented. 

So far the system has not had any misprints or bugs that led to misinterpretation of the data 

received from the sensor unit. It is highly unlikely that the RPi somewhere along the way 

would deliver another value than that received from the sensor since the data is forwarded 

and not tampered with. What could however lead to an error is if the system for some reason 

stops updating or receiving data. This could lead to medical staff basing their decisions and 

treatment on old and outdated data that could lead to a medical error. Simple measures could 

be implemented to prevent these kind of failures to happen by for instance displaying a 

warning when connection is lost or printing a timestamp along with the data values. 

 

For the question of if this system could help improve the treatments to patients there are two 

sides. We believe that this system will definitely help improve treatments by simply 

eliminating some of the factors that leads to medication and treatment errors. In an ideal 

situation medical staff will tag everything that needs to be tagged and then let the system 

handle all the logging, monitoring and updating of a patient’s condition and medical record, 

freeing up time for the staff to spend more time interacting with the patient. 
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However, a scenario that might be equally possible and sadly might be more likely for many 

facilities, is a situation where medical staff spend less time interacting with a patient. Since 

only a RFID-tag have to be read in order to get a measurement, the time gained could instead 

be used by attending more patients instead of with the current patient.  

 

The last question is a difficult question to answer due to several factors, many of which are 

out of our range of competence. The main problem we see with this system in the future is 

security issues. Having devices connecting to each other and accessing medical records and 

also allowing them to modify data is a huge step that requires a lot of safety features. This 

however is out of our scope and therefore will not be further investigated. 

 

To continue this project, we propose starting a further development in the region of security, 

HTTP-requests, bluetooth and NR.  

Security issues was one of the limitations we had since we felt this is better suited for 

someone with more experience in that field. This means ensuring secure connections, 

password login to sensitive data and so on.  

So far the system can make some server calls and fetch information on local servers. The next 

step here would be to connect to a remote test server available at TIC and try to fetch fake 

medical records. This should not be too hard to implement since the system already does that 

but on a local rather than a global scale. 

 

When it comes to bluetooth connections this system can only connect to one device at a time. 

For an even more usable and flexible system it would be a good idea to enable it to handle 

several connections at the same time. Most of the system is already prepared for this however 

the bluetooth program would have to be modified to enable this. This is because the program 

locks to one unit once a connection has been established and therefore does not recognize any 

new devices. 

 

In Node-red more services should be developed to allow for an even higher level of 

flexibility. These could be anything from personal nodes where a medical staff’s information 

is added by default to a node that enables devices to connect using other forms of 

communication, like Wi-Fi. 

 

This is a diverse system seeing as it is composed of many different components. Whether one 

decides to focus on NR, BLE, the GUI, RPi or any other part of the system there are limitless 

possibilities of further development. Because of that these examples mentioned here are just 

recommended suggestions. With a little imagination one could probably come up with a lot 

more features that could be added.  
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Appendix A 

A table that compares the system specification of different system-on-chip devices. 

Specification comparison 

Name Intel Edison Raspberry Pi 2 

B 

Beagle Bone 

Black 

Arduino Uno 

CPU Clock 

frequency 

500 MHz 900 MHz 1 GHz 16 MHz 

RAM 1 GB 1 GB 512 MB 2 KB 

Flash Storage 4 GB - 4 GB 32 KB 

Ethernet Port - Yes Yes - 

Wi-Fi Yes - - - 

Bluetooth Yes - - - 

USB 

connectivity 

- 4 1 - 

GPU - Yes Yes - 

Audio - 3.5mm  - - 

GPIO/ Pins 12 40 2x 46 14 

Reference [1] [2] [3] [4] 
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Appendix B 

Here is a step by step instruction on how the system was set up during the work of the 

project. 

 

Source code 
All source codes can be found at: https://github.com/Juaspo/Node-red_integrated_systems  

 

Step by step instructions 

The following components are required for the RFID system to function as advertised. 

● A Raspberry Pi with an operative system preferably Raspbian 

● A bluetooth LE card 

● An RFID-card reader 

● Internet connectivity 

 

Although not required, for convenience it is also recommended to have these following 

components: 

● A screen connected to the Raspberry Pi 

● A mouse and keyboard input 

 

Before beginning the step by step instructions it is required to have a newly flashed copy of Raspbian 

OS on a compatible microSD card. For instructions on how to do this go to: 

https://www.Raspberrypi.org/documentation/installation/installing-images/README.md 

SSH Raspberry Pi 

For this step it is required to know the IP-address of the Raspberry Pi. This can be done either by 

checking your network for connected devices or use third party applications like: ip scan (windows) 

or nmap (Linux). 

 

Start the Raspberry Pi and make sure it is connected to the network. 

$ssh pi@[ip-address] 

Default password is: raspberry 

Expanding file system and enabling SPI and serial 

https://github.com/Juaspo/Node-red_integrated_systems
https://www.raspberrypi.org/documentation/installation/installing-images/README.md
https://www.raspberrypi.org/documentation/installation/installing-images/README.md
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At default you need to extend the filesystem and also SPI and serial communication is disabled on 

Raspbian OS and needs to be activated. 

$sudo raspi-config 

Choose 1. Expand filesystem and select ok 

 

And to enable SPI and serial communication choose: 

8. Advanced Options → A6. SPI and A8. Serial 

Reboot Raspberry Pi 

 

To activate desktop mode type: 

$startx 

 

Use previous RFID code 

To use the same code for RFID detection as was used in the thesis one must first copy the RFID 

source code to home directory 

After that the program can be compiled and executed with the following commands 

$g++ Read.cpp MFRC522.cpp -o Read -lbcm2835 

$sudo ./Read 

 

Note that this require that the bcm2835 library is correctly installed on the system. If the 

bcm2835 library is missing it can be downloaded from: 

$wget http://www.airspayce.com/mikem/bcm2835/bcm2835-1.42.tar.gz 

 

and unpacked with 

$tar -vxzf bcm2835-1.42.tar.gz 

 

Then make an executable file 

$cd bcm2835-1.42/ 

$./configure 

$make 

$sudo make install 

 

http://www.airspayce.com/mikem/bcm2835/bcm2835-1.42.tar.gz
http://www.airspayce.com/mikem/bcm2835/bcm2835-1.42.tar.gz
http://www.airspayce.com/mikem/bcm2835/bcm2835-1.42.tar.gz
http://www.airspayce.com/mikem/bcm2835/bcm2835-1.42.tar.gz


63 

 

Setting up bluetooth 

Two libraries are required for the bluetooth modules to work properly. These are BGLIB and 

serial library. The serial library is natively included in Raspbian but the BGLIB library needs 

to be added. To do that download the bglib.py file from 

https://github.com/jrowberg/bglib/tree/master/Python and add it to the home directory. 

 

Install daemon 

It is a good idea to update the system before installing daemon 

$sudo apt-get update 

$sudo apt-get upgrade 

$sudo apt-get install npm 

 

To be able to use the RFID program that was previously installed it needs to be executed with 

root privileges. Because of this daemon needs to be installed in root level node-red. we’ve 

only managed to get it to work with root level node-red. To install daemon node with root 

privileges, type the following commands 

$sudo su 

$cd /root/.node-red 

$npm i node-red-node-daemon  

 

If node-red is to be used without the RFID program the daemon node can be installed in the 

following way: 

$cd ~/.node-red 

$npm i node-red-node-daemon 

 

And to return to user account 

$exit 

 

Run node-red 

Node-red can be run with root privileges with: 

https://github.com/jrowberg/bglib/tree/master/Python
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$sudo node-red-pi 

 

Or without root: 

$node-red-pi 

 


