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The specific project I have worked on is confidential, so some pictures will be altered to respect 
confidentiality. If the prototype system is not clear, the prototype is similar enough to Philips Azurion, 
one can visualize Philips Azurion when reading this report. A good impression of Philips Azurion can 
be seen here: https://youtu.be/2dlcptmEE_k

SUMMARY
This semester I did an internship at Philips 
Healthcare, at their campus in Best. I 
wanted to do this internship to learn 
about usability and user testing. Next 
to that, to experience working in a large 
international company. This internship 
offered me all these things plus the 
possibility to work with professionals 
with various expertise. In this report I 
will outline the process I went through 
implementing and designing sounds for 
the simulation environment Symbolica.

I will discuss the research I did prior to 
implementing the sounds in the simulation 
environment, the conclusions I took from 
this research and what the future steps could 
be. Next to this I will give an impression of 
the simulation on the simulation graph. Also I 
will list the other activities I have done during 
my internship and I will give a reflection 
on my growth on my PDP goals during this 
internship.

I was hired to make the simulation, called 
symbolica, more realistic by adding sound. 
This to reach the greater goal of substituting 
the cost-intensive verification and validation 
efforts with virtual means.

During the internship I was given several 
different trainings and demo’s by profes-
sionals. I have researched how alarm sounds 
in the Philips Azurion can be improved and 
I have written a proposal for new alarm 
sounds.

I have tested the mixed reality environment 
with two different setups. A base test where 
nothing was changed since my start. And a 
setup with sound, coming from a wireless 
speaker.

From the different tests the conclusion can 
be drawn that sound adds to the perceived 
reality of the simulation. 

https://youtu.be/2dlcptmEE_k
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GLOSSARY
C-ARM

FLEXVISION

 IGT

MIXED REALITY (MR) 

PERSPECTIVE DISPLAY

SIMULATION GRAPH 

TSM

TSO

UX

ZERO DOSE POSITIONING

Used to refer to the c-shaped frontal and la- 
teral hardware module that makes the X-ray 
image.

Solution that displays several video sources 
on one large screen with user selectable 
layouts and presets. The flexibility isn’t limited 
to one switchable source but all connected 
sources.

Image Guided Therapy

“(…) spaces where real world objects or 
people are dynamically integrated into 
virtual worlds to produce new environments 
and visualizations where physical and digital 
objects co-exist and interact in real time” 
(Reality Technologies, 2016).

In the Perspective Display, the physical test 
environment will only represent half of the 
complete system. The other half will be 
simulated and projected on a wall (Kamp, 
2017).

The Simulation Graph serves as a visual 
guide for determining the level and method 
of simulation of products in different 
development stages (Kamp, 2017).

Touch Screen Module - user interface to 
control the software and several mechanical 
functions of the SmartSuite product.

Table Side Operating Module - hardware 
control panel used to control several 
hardware components, such as the C-arm, 
table, shutters and wedges.

User Experience

Software that illustrates which part of the 
body will be scanned in relation to the 
previous scan.
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INTRODUCTION
This document reports the activities and 
learning points of my internship, chosen as 
external learning activity. The internship 
took place at the IGT fixed systems Research 
& Development department of Philips 
Healthcare in Best (NL).

MOTIVATION
Sound is an expertise area that is often 
forgotten about or not taken proper care of 
in designs. In a time where we are overloaded 
with information, producers are looking for 
ways to transfer their information. Often 
products are made with several audible 
signals, not thinking about the surrounding 
it is in. 

My vision resolves around rich interaction, 
involving more senses. When Philips had the 
question if someone could research the effect 
of sound in their simulation, I immediately 
became enthusiastic. The fact they realized 
how their design could be better when 
stimulating more senses, is really good. 

INTERNSHIP
So far I have done projects or worked for 
a company, but not within. An internship 
gives me the possibility to experience a 
professional company in their daily work. 
Philips is a great example of an innovating 
large international company. They look into 
the future of Healthcare. With my assignment 
I can contribute to this and at the same time I 
can experience the company from inside.

IMAGE GUIDED THERAPY
So what is the purpose of the system and 
what is Image Guided Therapy? IGT systems 
like the Philips Azurion are mostly used for 

minimally invasive endovascular procedures 
such as angioplasty. They are fairly open X-ray 
systems, which allows the doctor to insert a 
katheter with live images as guidance.

ENABLE-S3
The assignment I worked on is part of the 
Enable S3 project. This project aspires to 
substitute today’s cost-intensive verification 
& validation efforts by more advanced and 
efficient digital means. With the simulation 
Philips hopes to be able to test and validate 
their systems in an earlier stage to save time 
and money.

SYMBOLICA
The simulation makes use of Mixed Reality, 
which is a mix of physical and virtual 
elements. Before the start of this project, 
early September, the system existed of the 
following: A virtual simulation part, projected 
on a wall, and a physical part. The virtual 
part, consists of the upper body of a patient, 
and the c-Arm. The physical part exists of the 
bottom part of the patient, the TSO, the TSM, 
the FlexVision and the pedals.

Previous research, done by Germaine op de 
Kamp addressed four key components of the 
simulation that can be done, to achieve a more 
convincing simulated experience (Kamp, 
2017). Ranked in priority he found improving 
depth perception with active 3D glasses most 
important, to make the simulation more real. 
The second most important improvement 
would be adding sound to the simulation. 
At this moment, there is no sound added to 
the simulation. Whilst the parts that make 
most of the noise are in the virtual part of the 
simulation.
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COMPANY DESCRIPTION
COMPANY
The health sector is changing a lot and Philips 
is a main player in this revolution. Divided over 
several campuses over the globe, engineers 
are working on a wide variety of (healthcare) 
systems and consumer products. Their vision 
is to improve the lives of 3 billion people a 
year by 2025 (Philips, 2016). 

In the Healthcare sector, Philips is a main 
player together with Siemens and General 
Electronics. Historically Philips made its name 
producing light bulbs, but Philips lighting has 
been separated from the company in 2016. 
Now the focus is fully on ‘improving people’s 
health and enabling better outcomes across 
the health continuum from healthy living 
and prevention, to diagnosis, treatment and 
home care.’ (Philips, n.d.)

DEPARTMENT
Within Philips Healthcare, I was placed at 
the Research & Development department 
for IGT systems. This department takes 
care of designing IGT systems. They 
create specifications for the designers and 
technicians. At the same time, I was very 
much involved with the usability engineers 
who validate and verify the design with the 
user needs. 

The design structure can be visualized as the 
Coleman’s boat used in social sciences. Global 
objectives and user needs shape the macro 
level. The product or system is the micro 
level. As both the usability engineer and the 
R&D designer are on the macro level they 
carefully have to check whether their work is 
in line with each other. I have visualized how 
I see this in figure 10.
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COMPANY CULTURE
At Philips Healthcare IGT they are constantly 
making IGT systems more advanced, safer 
and more user friendly. They try to stay in 
contact with their users in every stage of the 
process.

Where the medical world learns by looking 
at how it was done in the past, Philips is 
constantly innovating, using new developed 
techniques to create new ways of doing a task. 
Within my department we are collaborating 
with other high tech companies, on creating 
VR technologies. By using VR, they hope 
to create a safer and cost efficient test 
environment.

Figure 10 Visualization of relationship R&D and Usability, based on Coleman’s boat

At Philips every team has its own experts 
and technicians. My department develops 
the Azurion IGT system. From specifications 
to user manuals. Therefore, we have people 
that write and design instructions for use, 
usability engineers, validation engineers, 
and so on.

Philips employees work in their own 
expertise area; in every project they do. 
But even though you will be seen as an 
expert in your task, and unexperienced in 
someone else’s, you have a say in every 
part through meetings. I like the fact you 
have your own task, though you are not 
alone in it as you keep everyone up to date 
in meetings. I always like to learn a lot of 
different expertises. This system Philips 
uses would work for me as you will learn 
this on an awareness level.

I think the main difference between 
university projects and working at Philips is 
the function of meetings. At ID I am used to 
use meetings to make decisions together. 
Afterwards you will elaborate a bit on that 
on your own. This loops the entire project. 
At Philips you will personally have a task 
and you will make decisions for this. During 
meetings you will present your work and 
people can give tips, but you can make 
your own decisions.
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For this internship, I composed smart goals 
that specifically comply with working as an 
individual in a big company, or with my specific 
assignment during the internship. In general, 
I wanted to learn more about applying sound 
design. I also wanted to develop myself more 
as a user-experience designer. 

Through preparing and conducting user tests 
during my internship I hoped to do so.

My reflection on how I put these goals in 
practice can be read at the end of this report. 

As an appendix my full PDP is attached.

GENERAL GOALS

CONTACT PEOPLE FOR HELP
Competencies: Teamwork and Communication, Self-
directed and continuous learning
I will operate in an environment where I do not know 
anyone yet, so my network will have a harder time 
helping me. Therefore I will contact new people who 
can assist.

POSITION MYSELF WITHIN THE COMPANY
Competencies: Design and Research processes, Self-
directed Learning
I always tend to act as a mediator, who combines 
opinions to come to the best solutions. This is also 
the place where I find myself in projects. Now an 
internship is a totally new environment where I 
expect to have a more supportive or deciding role.

REPORTING (ON MY OWN)
Competencies: Teamwork and Communication, Self-
directed and continuous learning
During this internship I will be guided by professionals 
who will help me, but when it comes down to 
reporting I will be assigned to myself.

PERSONAL GOALS
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PROJECT SPECIFIC GOALS

WORK WITH VR
Competencies: Technology and Realization
I have only worked with 2d and physical prototypes 
so far. Philips gives me the opportunity to work in 
their ‘Unity’ 3d world and get familiar with working 
with it.

ELABORATE ON SOUND DESIGN SKILLS
Competencies: Technology and Realization, Creativity 
and Aesthetics
Using the skills I learn in electives or basic courses is 
something that motivates me to learn. I recently did 
the course sound design and through this internship 
I can apply my skills and elaborate on them, to master 
them.

USER TESTING
Competencies: User and Society, Teamwork and 
Communication
In past projects I have found out how hard it is to 
design a user test that gives you the exact information 
you are looking for. Philips has got much more 
experience in user testing and they have pledged to 
help me when I need to test my designs. Near the 
end of my internship I will have sufficient time for 
user testing. 
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SYMBOLICA
GOAL
The goal during this internship is to make the 
simulation called Symbolica more realistic by adding 
sound to the Mixed Reality system, based on Philips 
Azurion. Sound is currently missing in the simulation, 
but probably plays a big role in creating a more 
realistic test-environment.

In the simulation graph, the perspective display can 
be found, on a vertical ‘bridgeable distance’ from 
the target area, which is perceived as realistic. This 
project I will try to bridge this distance, and I will 
make my contribution measurable on the simulation 
graph.

Figure 11 Simulation graph by Germaine op de Kamp (Kamp, 2017)
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GENERAL GOAL
My project is part of the Enable S3 project, which 
aspires to substitute today’s cost-intensive 
verification & validation efforts by more advanced 
and efficient digital means. Philips develops large, 
expensive IGT systems. As at this moment these 
systems can only be assessed on usability when 
almost finished, Philips is developing virtual means, 
to be able to assess usability earlier in the process.

Figure 12 Perspective Display simulation form (Kamp, 2017)

CONTEXT
The Azurion simulation makes use of Mixed Reality in 
the shape of a Perspective Display. Before the start 
of this project, September, the system exists of the 
following: A virtual simulation, projected on a wall, 
and a physical part. The virtual part, consists of the 
upper body of a patient, and the c-Arm. The physical 
part exists of the bottom part of the patient, the TSO, 
the TSM, the FlexVision and pedals.
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TIMELINE
If I would go in depth into all interesting and fun activities 
I have done during this internship it would be long read, 
so I put this all in a timeline with some highlights.

Not in the timeline, but very important were the weekly 
stand-up, in which we discussed our activities of the week 
with the team, and my weekly company coach meetings.

Research current situation and technology 
scouting.

Training for working with radiology.

Spotlight demo’s of new IGT innovations
Serie of seminars about usability.

Voice of the customer presentation about 
Dr. A. Elmi-Terrander, Karolinska University 
Hospital Stockholm, his first experiences with 
Augmented Reality Surgical navigation.

Record and implement sound.

Town-Hall at Philips stadium. Presentation of 
the results and expectations for 2017.

Two Voice of the customer presentations 
about challenges and opportunities in the 
therapy of patients with acute ischemic 
stroke in Toronto Western Hospital. And 
one about State of the art in neurovascular 
disease, including a recorded case in Bicêtre 
Hospital, Paris.

Teacher coach meeting 1 with Tilde Bekker.

Visit to Antonius Hospital Nieuwegein, which 
I arranged through my LinkedIn network. 
Together with my company coach we 
observed real cases with Allura and Azurion 
systems.

Virtual reality demo’s by the company Ordina 
at the High Tech Campus. With a talk about 
speeding up innovation with Virtual Reality.

Training into Intellectual property.

Spotlight demo’s of new IGT innovations.

SEPTEMBER ‘17 OCTOBER ‘17

Figure 13 Philips augmented-reality surgical navigation (Philips, 2017)
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Make test plan, finish simulation and 
research alarm sounds.

Village meeting about the results from 
November and expectations and planning 
for the future.

Observing a usability test a collegue 
performed with external participants.

Pilot, perform and analyze all tests.

Teacher coach meeting 2 with Tilde Bekker.

NOVEMBER ‘17 DECEMBER ‘17 

Figure 14 Snapshot from Ordina Dutch Marine demo video (Ordina, 2017)

The most interesting activity that I have partaken was my 
visit to Antonius Hospital Nieuwegein. Seeing real cases 
with the devices you help build, makes it grateful work.

Another interesting activity has been the seeing demo’s 
by the company Ordina, who build Virtual Reality 
experiences in just three weeks, to make companies 
more time efficient.
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TECHNOLOGY SCOUTING
SOUND
As sound was completely missing in the 
simulation, there were no audio sources 
installed. This gave the opportunity to 
research all options for transferring the 
sounds. 

OBJECTIVE
The main goal was to create a realistic virtual 
environment, so key elements for realistic 
sound should be thought of. Important is the 
source of sound at a point in space, and the 
direction and loudness of this source.

SPATIAL SOUND
In real life, our hearing system uses a 
technique that is called spatial sound to find 
the direction a sound is coming from. Spatial 
sound works as follows: the human body 
detects the location of a sound source by 
several cues, such as time difference between 
ears and intensity (Doll & Hanna, 1994).

Unity has a spatial sound engine built-in 
where it makes spatial sound stereo sound, 
but programmed in such a way that it mimics 
the cues the human body uses. 

SOURCE
Only a surround sound speaker set, or 
headphones are able to convincingly play 
spatial sound. As the viewing direction is not 
fixed and the walls are too close to the user, a 
speaker set cannot properly be installed.

The choice for Bragi’s The Headphone was 
made. Reviewers state that they fit well and 
stay in place. They do not have ear hooks and 
can therefore be used by people with glasses. 
They also provide you with a transparency 
function, which allows for customizing the 
amount of ambient noise. This function is 
specifically useful to be able to follow the 
instructions given by the researcher. Also 
the 6 hours of battery life is way longer than 
comparable earbuds.
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DEPTH PERCEPTION
Another thing that was not researched yet was the effect 
of 3d glasses on the simulation. In the time I had to spare, 
I started trying to add active 3d to the simulation. This 
has not been much more than purchasing 3d glasses.

To use the 3D functionalities of the projector, you will 
need active 3d glasses with DLP link technology. Optoma, 
the projector brand has 2 glasses of their own brand that 
are both compatible with the projector. Also other good 
reviewed glasses are the Celexon g1000, also compatible 
with the projector through DLP link.

DEMANDS
The demands of the 3d glasses are clear. They need 
to have a great fit, be light and have a battery life long 
enough to do proper user testing. These demands and 
some other relevant specifications were compared 
between the three selected glasses.

The choice for the Celexon g1000 was made. The two 
other glasses have been found very comparable, though 
the Celexon G1000 wins on battery life and price.

Figure 16 From top to bottom: Optoma ZF2300, Optoma ZD302, CELEXON G1000
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UNITY
The simulation is built in the Unity game 
engine. By doing tutorial exercises and 
implementing sound features into them, I 
have made myself familiar with the software 
and coding in about two weeks.

OBJECTIVE
Symbolica aspires to be used for several 
different new systems. For every system, the 
sound will be designed again, based on my 
findings. Therefore, I will make sure the code 
is readable and I will keep the coding style 
the same as the current software.

IMPLEMENTATION
The unity project is attached to another 
computer with the real positioning software, 
also used for the real systems. The necessary 
data given by the positioning software is sent 
to Unity, where it is used for positioning all 
components.

Since all sounds hugely correlate with the 
movements, I combined my script for sounds 
with the movements script. This automatically 
gives every component that is moved by the 
script, seven slots for their unique sounds as 
seen in Figure 17.

Next to their unique audio clips, all 
components have their own 3d audio source. 
This is also an essential thing for Unity’s 
built-in spatial sound. All system sounds 
will virtually come from their actual source 
position.

PROCESS
Besides user testing, making the improve-
ments in Unity has been the biggest job of my 
internship. I have learned quite a lot of new 
things about coding and about sound design 
in a real product.

The functions needed to make audio clips 
play are not that difficult. They are mostly if-
statements and booleans. The difficulty lies 
within connecting the positioning software 
to the script, and perfectly looping and 
transitioning the sounds.

Peter Benschop, a software expert in the 
Enable-S3 team, has helped a great bit in 
adjusting the software to fit my needs.

Figure 17 Audio clip slots in Unity
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RESULT
The result is an application that runs just as smooth 
as the previous version, but now with added sounds. 
Though everything is virtual, the sounds do feel like 
coming from the hardware of the system.

The application includes all c-arm motor sounds 
and brakes. It also includes the fluoroscopy and 
exposure buzzers. It does not contain the five-minute 
fluoroscopy alarm nor the override pulses, as these 
are not measured by the virtual system and have 
not found to have a considerable contribution to the 
perceived realistism.

NOTES
From one day to the other, the wireless earbuds 
could not connect to the simulation pc. I have tried 
using a new usb bluetooth dongle, but this also did 
not help. To be able to start the usertests as soon as 
possible I replaced the earbuds for a speaker, placed 
under the table. How this may have changed the 
results of the test can be read in the reflection on my 
choices on page 26.



18 

Internship Philips Healthcare

SOUND DESIGN
For this internship, I was eager to learn about 
and apply Sound Design. In this chapter I will 
demonstrate which activities I have done, to 
work on this.

DEFINE
First I downloaded the UI specification 
document of the specific Azurion. By listing 
all functions and alarm signals mentioned in 
the document, I have composed a document 
containing all actions the system can do.

RECORD
With the complete list of actions as a 
reference, I have recorded all sounds in one 
of the validation areas on site. I have used a 
4-channel stereo-recorder for this, in order 
to have clear high quality recordings.

ORGANIZE
All recordings were then cut in smaller 
segments, per action, and renamed. Those 
segments were then again split in steps, as 
seen in Figure 15 on page 16. The movement 

sounds were all tweaked in Audacity, to loop 
seamlessly.

CONCLUSION SYSTEM SOUNDS
The system contains a wide variety of motor 
sounds, all with their unique speeds, timbres 
and brakes. They are all connected to a 
movement, but not always predictable. When 
the c-arm is rotated one way, and then quickly 
afterwards rotated the other way round, the 
brake is not applied. Timing is very important 
in such cases.

AUDIBLE SIGNALS
Next to system sounds, the device also 
contains four audible signals. These are: A 
buzzer when fluoroscopy (low dose X-ray) 
is active, a buzzer when exposure (high 
dose X-ray) is active, 5 minute fluoroscopy 
alarm and override pulses (when detector is 
approaching patient body).

All these alarms were also recorded with 
the stereo-recorder. Later the alarms were 

Figure 19 Fluoroscopy buzzer frequency analysis in Audacity
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analysed in a Frequency analysis. The 
override pulses were measured to have a 
frequency of approximately 3905Hz. This 
does not correspond with the frequency 
specified in the UI specification. In the UI a 
frequency of 1953Hz is determined. Analysing 
the two frequencies, you find that the heard 
frequency is exactly twice as high as the 
frequency specified.

The fluoroscopy buzzer is not specified in 
the UID, so I made a frequency analysis, 
to reproduce the sound. As seen in figure 
19, at the bottom of this page, the main 
frequencies found to be 110Hz and 385Hz. 
When these two tones are generated and 
played simultaneously, it can be concluded 
that this indeed makes the override pulse 
sound.

PROPOSAL
At the moment of recording the audible 
signals, the signals were found to be hard 
to localize. Studies show that sounds with 

a frequency beneath 780Hz are localizable 
by interaural time difference. Above that 
frequency humans can only use loudness 
as an indication of the source direction. 
With this knowledge you find that the two 
audible alarms, 5 minute fluoroscopy and 
the override pulses, are hard to localize, both 
having a frequency above 2000Hz.

It seems like the current audible signals have 
not been changed in the past ten years. They 
all have buzzer or beep-like sounds, which 
may have to do with the technical possibilities 
at the time. Nowadays the system could use 
fresh new alarms.

As alarms are used to quickly react upon, 
it is important that we can quickly connect 
the sound to an action (Withington, 1999). 
Localizing the source helps a great bit in this.
In September 2005 an international standard 
for auditory alarms on medical equipment 
was published (Sanderson, et al. 2006). In the 
IEC 60601-1-8 standard, recommendations 
ranging from preferred loudness to number 
of sounds are stated.

I have written a proposal for new alarm 
sounds, that makes use of the knowledge 
used for making the IEC standard. The full 
proposal can be found as an appendix to this 
report at page XVIII-XXI.

To summarize the proposal; I propose to 
use earcon based alarms, with a link to x-ray 
radiation. The sound frequencies in this 
alarm correspond to the IEC standard.
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TESTING
TEST OBJECTIVE
The overall goal of this internship was to make 
the mixed-reality simulation more realistic, 
by adding sound. In this test I made some test 
objectives to make the contribution of sound 
measurable and find new ways to make the 
simulation more realistic.

The research questions are:
•  Is the simulation realistic?
•  Does sound make the simulation more         
    realistic?
•  Where are the simulations with and 
    without sound positioned relative to  
    each other on a reality scale?
•  For what purpose can the simulation be                                         
    used?
•  How can the experience be made more  
    realistic (for user testing)?

PARTICIPANTS
The tests have been be performed by clinical 
marketing specialists from Philips IGT systems. 
In total there were six participants. All of the 
participants had already seen the simulation 
once in a demo, only one of the participants 
had already controlled the simulation before. 
Rushing to the analysis, this participant did 
not show different behavior than the other 
participants.

TEST SET-UP
On arrival, all participants were given a short 
explanation about the structure of the test. 
They were told we would test two different 
simulations. What the variation in the two 
simulations was, was not discussed. When 
the participants again agreed to participate, 

they were handed out a consent form. 

Before starting with the test, all participants 
were given a short training in buttonology. 
This training was given following the Philips 
training guide from May 4th. This test was 
always given on the simulation they would 
test first. 

One half of the group has tested the 
simulation with added sound first, the other 
half of the group has tested the simulation 
without sound first.

The participants were asked to perform 
certain tasks, which are specified in the test 
design, found in the appendix. One system 
was the simulation without any added 
sounds, and where no effort was put into 
special lighting. The other simulation did 
contain sound, and the lights were placed 
such, to create clear shadows. In hindsight, 
changing the lighting has not been the best 
choice made. A reflection on this can be read 
on page 26.

After both of the two simulations, the 
participants were asked to fill out a System 
Usability Scale, and to pinpoint how realistic 
the simulation was perceived on a reality 
scale.

After the last simulation, the participants were 
asked to fill out some open questions about 
the experience and possible improvements.

The full test design can be found as an appendix 
at pages V-XVII.
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HYPOTHESIS
The expected result from the tests is that participants 
will value the added sound. This will be explicitly 
seen in the reality scale, where I expect a significant 
difference in perceived realism. Also in the open 
answers I expect to find positive words about the 
added sound. From the SUS scores nothing much is 
expected. It is a nice objective tool, but chances are 
that participants will not be able to make a distinction 
between the two simulations as only two out of ten 
questions relate to the added sound. The other eight 
questions refer to parts of the simulation that remain 
the same in the two tests. I do want to include the 
System Usability Scale in the test, so I can verify my 
results with the results of Germaine op de Kamp.

As creator and researcher at the same time I am 
biased. Theoretically this could influence the research 
results. To make sure this bias wont influence the 
research results I will not explain who developend 
the system and what my role is in this. Care would be 
put into asking open, unbiased questions. 

21 
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RESULTS
SUMMARY
The participants were enhousiastic about 
the simulation. They all rated the simulation 
with added sounds as more realistic than 
the simulation without sound. And they all 
thought the system was easy to use. They saw 
several different new uses for the system, 
other than usability testing. Often better 
depth perception was suggested to improve 
upon the simulation.

REALITY SCALE
Because of the limited number of repondents 
it is not possible to draw a numerical 
conclusion from the reality scale. The markers, 
the participants placed, were measured, 
relative to the size of the scale, which results 
in the scatter plot seen in figure 21. 

What can be seen from the different reality 
scales is that all of the participants rated the 
simulation with added sounds more realistic 
than the simulation without sounds.

SYSTEM USABILITY SCALE
The participants were asked to rate the 
simulation on the System Usability Scale. It 
was asked to specifically rate the simulation 
and it’s setup, not the Azurion system behind 
it.

In table 1, an overview of the SUS scores is 
shown. The order of participants is  ran-
domized, as all results are made anonymous.  
Green boxes mean the simulation with sound 
form scores higher on this participant than 
the other simulation, yellow means equal 
and red means this simulation scores lower.

Figure 21 Reality scale scatter plot

As already assumed in the hypothesis, the 
System Usability Scale cannot give us a 
signficant conclusion. This may have to do 
with two factors. Only a few questions from 
the questionaire capture the difference 
between the two simulations. The other 
factor is the limited amount of respondents. 
One statement which we can make from the 
SUS scores is that both of the simulations are 
rated quite high.

The plan with the SUS score was to compare 
the results with the results Germaine op de 
Kamp obtained. His 82.5 points on average is 
in the range of the average of 85 points the 
test now showed. Real conclusions cannot be 
drawn here.

OPEN QUESTIONS
The four questions that were asked were:
•  What are your thoughts about the 
    simulated experience?
•  What did you like about the experience?
•  What did you dislike about the experience?
•  How do you think this experience can be 
    improved?

Table 1 System Usability Scale results
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The answers given in the first three open 
questions have been cut in parts and are 
shown in table 2, at the bottom of this page. 
This figure shows answers, an indication 
whether they are positive or negative and 
how many respondents share this opinion.

POSSIBLE IMPROVEMENTS
The last open question asked for possible 
improvements. Creating more depth, for 
fine movements was suggested by three 
participants. When asked none of them 
thought 3d glasses would be the solution, 
but this can be researched ofcourse. Besides  
increasing depth, a small window with a 
helicopter view was suggested by one of the 
participants. Two participants had been stuck 
with the c-arm at the far end of the table. 
They indicated that including the override 
pulses would have helped them understand 
the situation. 

‘‘Simulated X-ray is a great touch!’’ Participant

RESEARCHER NOTES
As an observer, other things also grabbed 
my attention. It was noticed that all of the 
participants took the simulation very seri-
ously. Participants made a lot of small 
movements and adjustments in the simu-
lation without sound. In the simulation 
with sound however, they made larger 
movements.

‘‘The experience is that the simulation is faster 
than the real system. Sound helps to understand 
how fast it actually goes.’’ Participant

Participants did not believe the zero dose 
positioning, and used the C-arm shadows for 
orientation in both simulations. Also short 
participants more often remaked the lack of 
depth than taller participants.

Also a great difference in accuracy was seen 
between the pilot test, for which another 
intern was used, and the clinical marketeers.

Table 2 Answers open questions
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DISCUSSION
More important than the results in numbers 
and tables, is the analysis of those results. 
And of course the conclusion and future 
steps. That is what this discussion and 
conclusion will be about. They are structured 
in questions, one may ask itself after reading 
the research, the five research questions 
included.

CAN WE DRAW CONCLUSIONS FROM 
ONLY SIX PARTICIPANTS?
Nielsen, 2000. States that you need 3–4 users 
from each category if testing two groups 
of users, to find about 75% of all usability 
problems.

Also when we look at the results of the 
simulation without sound. The data on the 
simulation graph have a mean very close to 
the position Germaine op de Kamp found this 
simulation stands. His test was performed by 
17 participants and therefore this does not 
seem to have influenced the results greatly.

ARE THERE OTHER FACTORS THAT MAY 
HAVE INFLUENCED THE RESULTS?
The two simulations rely on the same model 
pc, so speed and interaction wise they are 
the same. Only the projected room lighting 
and the sounds were different between the 
two simulations. In the simulation without 
sound there was a lot of light and almost no 
shadows. In the simulation with sound, there 
was only one main light, virtually positioned 
above the participant. This created clear and 
accurate shadows. This may have influenced 
the positioning precision positively in the 
simulation with added sound. 

One other aspect that may have influenced 
the results is the amount of experience the 
participants had with the prototype. Some 
of the participants regularly work with the 
prototype and some of them had only seen 
it once, but never used it. This influenced 
the control precision. To prevent a learning 
curve to have influenced the result between 
the tests, the participants have tested the 
simulations in different orders. 

Figure 22 Updated Simulation graph with the means from the reality scale
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DOES SOUND MAKE THE SIMULATION 
MORE REALISTIC?
To evaluate this research question, all 
participants received a scale, as seen in figure 
21. After each individual test, the participants 
were asked to mark a point on this scale. All 
these points were measured and a mean was 
calculated for both of the simulations.

The simulation with sound was perceived 
more realistic, as is also seen in figure 22, 
where it is positioned lower on the graph. 
It is also mentioned that the sounds help 
understand how fast the system goes.

WHERE ARE THE SIMULATIONS POSITIONED 
ON A REALITY SCALE?
On the updated Simulation graph, figure 22, 
both means of the marks, the participants 
placed are drawn on the right. The simulation 
without and with sound have a mean of 
respectively 62 and 75 percent realistic.

Even though the reality scale has got a lot 
of place for free interpretation, and there 
were only 6 participants, the mean of the 
simulation without sound does not differ a 
lot with the position Germaine op de Kamp 
indicated it would be.

FOR WHAT PURPOSE CAN THE SIMULATION 
BE USED?
A trend that is seen in the open answers is 
that the participants either saw possibilities 
for the system on conferences or to use it for 
training purposes. None of the participants 
mentioned usability testing as a possibility. 
This will mostly have to do with the back-
ground of the participants. The participants 
were from the department of clinical 
marketing, so they are mostly focused on 
selling the system on conferences and giving 
system hand-overs in the hospital. 

In this stage, Symbolica can be a very good 
tool for first prototypes, additions software- 
and hardware wise, and for education 
purposes.

HOW CAN SYMBOLICA SAVE RESEARCH 
AND DEVELOPMENT MONEY?
Ultimately the goal Enable S-3 foresees is 
substituting todays cost-intensive verification 
& validation efforts by more advanced and 
efficient digital means. 

Simulating the c-arm simply saves you the 
time and money to construct these parts and 
especially the X-ray tube. As long as you have 
a CAD model, it does not take much time to 
put this part in Unity and make it interactive. 
It saves you the time to fully elaborate on the 
design and the safety aspects, before it can 
be tested.

HOW CAN THE EXPERIENCE BE MADE 
MORE REALISTIC? (FUTURE STEPS)
Depth is still an issue many participants 
talked about. When asked they did not think 
3d glasses will be an improvement, since they 
imagine it blocks you from the outside world 
in some way. Increased depth will more likely 
have to be created with shadow, shapes and 
contrast, but 3d glasses can be tried.

The perspective, created by the Kinect camera 
is very sensitive and not nicely alligned. 
When the simulated patient would be more 
connected to the physical parts, also a step 
towards a more realistic simulation is made.

More a bug, than an improvement will be 
callibrating and repairing the zero dose 
positioning. One participant thought of 
adding a helicopter view. This addition will 
not make the simulation more real, but it will 
help with fine movements and positioning, 
so it will possibly improve the usability.

CONCLUSION
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REFLECTION ON CHOICES
During my internship I tried things that 
worked out well, things that did not work, 
bought things that worked well, and bought 
things that did not work. In this chapter I will 
elaborate on some key choices, about the 
why and what to do next time.

EARBUDS VERSUS SPEAKERS
In my technology scouting phase I found 
that spatial sound would create an emersive 
experience which would feel very realistic. 
I concluded that a mono speaker was not 
good enough.

Then, from one day to the other the Bragi 
earbuds could not connect to the simulation 
pc anymore. They can connect with other 
devices, but just not with this pc. After several 
attempts I have made the choice to remove 
the ear buds from the test plan and to use a 
speaker. This was also done because I could 
not afford another week of delay.

One of the participants did notice the sounds  
were feeling like they came from the wrong 
side. This will have had to do with the position 
of the speaker, with its back to  the projection 
wall. The other results do not give any 
indication of participants being influenced 
negatively by the usage of the speaker. In 
the coming weeks I will still do some effort in 
either finding the correct position to place a 
speaker, or to connect the earbuds. 

RESEARCH FOCUS
Whilst analysing the test tesults, I caught 
myself aiming for the wrong goal. I was trying 
to determine where the simulation stands on 
the simulation graph. Instead, I should have 
focused on how realistic the simulation really 
is. The simulation graph is just a tool for this, 
not the goal. This is also why I hadn’t thought 
of asking the participants what they thought 
the  simulation can be useful for. I only got 
answer to this question since participants 
came with options themselves.

LIGHTING
Another thing that I would have done 
differently is the difference in lighting 
between the two simulations. In a test it is 
important to exclude all possible factors 
that may influence your results. I have made 
the assumption, the participants would not 
depend on the shadows to navigate. None 
of the participants mentioned the shadows, 
nor indicated they judged the simulation 
on this factor. But this can of course not be 
ruled out. And as an observer I thought some 
participants relied their navigation partly on 
shadows.

LEARNING UNITY
I am satisfied with the choice to first explore 
and gain skills in Unity before attempting to 
add sound in the real simulation. Looking 
back I think that this choice has saved me 
some precious time.
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REFLECTION
My vision resolves around rich interaction, 
involving more senses. So when Philips 
asked for someone who could research 
the effect of sound in their simulation, I 
immediately became enthusiastic. I expected 
a Virtual Reality environment where I would 
research which sounds, from the alarms and 
background, were necessary to include in the 
simulation. I would then drag and drop some 
audio clips I made, to a program that would 
make it work.

It did go a bit different than I expected. More 
important than the background sounds, are 
the system sounds, e.g. brakes and motors. 
I have recorded all sounds, including the 
alarms. In Audacity I have tweaked the 
sounds to sound realistic and be seamlessly 
loopable. Also implementing the sounds in 
the simulation was harder than imagined. 
With Unity I have coded the sounds into the 
simulation and I have tested two simulations. 
When I tried to record the alarm sounds, I 
could not find their source. When I researched 
the alarm standard, I found ways to make 
the alarms better. I have written a proposal 
about earcon based alarm sounds for this. 
What was not that nice is that I had to spend 
a lot of time on bug fixing software and 
connections, which took time from actually 
sound designing.

I have been part of the company for the past 
four months. In the beginning, I still acted as 
a mediator like I did in University projects. 
Later on I made more decisions, which was 
also the only way to meet my deadlines. They 
were considered choices, which made me 
confident in making them. Like Angelique 

writes in her feedback, I needed some 
coaching, positioning my work as relevant for 
the company, when approaching colleagues 
for help. I have also become more confident   
in positioning myself and my project in the 
company. I have worked with different 
sensors and programs. I can now use the 
skills learned with these programs, to use in 
my Final Bachelor Project.

With the internship I was dependent on my 
own decisions and plans. On the first day, I 
asked my company coach where to start. 
She laughed and told me to figure that out 
for myself. I did, and changed my attitude by 
starting making a list of dependencies and 
building a planning from there. This made 
it easier to do the things I thought were 
important. On LinkedIn I asked my network if 
I had connections in the field, which resulted 
in a visit to Antonius Hospital in Nieuwegein. 
Reporting on my own was way less stressful 
than I thought it would be. It does take time 
to create everything yourself, but it will have 
one writing style, and it will share one clear 
story.

Working in a professional international 
company gave me the opportunity to do 
a proper user test. I wrote a complete test 
design so all conditions during the tests could 
be the same. This also helped a great bit for 
analyze and validate my results. 

I consider my internship at Philips as 
successful, because I have been able to really 
help the company with my project. And at the 
same time I have improved my soft skills and 
my hard skills.
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Figure 23 Philips campus Best with snow - December 12, 2017
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Internship assignment: Make the experience of the virtual and augmented environment for 
the interventional X-ray system more realistic, by adding sound.

INTRODUCTION

Why I want to do an internship
So far I have done projects or worked for a company, but not within. An internship gives me 
the possibility to experience a professional company in their daily work.

Why I want to work with Philips
Philips is a great example of an innovating large international company. They look into the 
future of Healthcare. With the assignment I can contribute to this.

What do I want to learn during my internship?
I want to learn more about applying sound design. I also want to develop myself more as an 
user-experience designer. Through preparing and conducting user tests during my internship 
I hope to do so.

VISION

‘Improving user experience through designing rich interaction.’

Society needs designs that have user experience as top priority. Products are getting more 
complicated throughout the years and therefore it’s design will be getting increasingly more 
important. Designers tend to focus on adding functionalities when improving a design. I think 
designers should focus on improving the usability of designs to achieve better user experience. 
From experience I can tell that a lot of people cannot handle changes and unorganized designs 
well. I want to help them by designing the experience with them.

I believe that designers should be focused on improving the design for the user. We experience 
a design through our five senses. In a TED Talk, Jinsop Lee, multi-sense designer from South 
Korea, states that in order to create an enhanced experience, more senses should be stimulated. 
Hearing is the sense that has my main interest. There are a lot of effects sound has in designs 
and I want to experiment with sound to make the experience more valuable.

PERSONAL 
DEVELOPMENT PLAN

September 2017  - January 2018 | B3.1 Internship Philips Healthcare
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IDENTITY

I am a curious and empathic person with a broad interest in technology and design. If I am 
interested in what I do, I can work with much patience and persistence. My way of working and 
thinking is pragmatic and I like to be structured and efficient. I try to prevent last-minute work 
so I can take a second look at my work and make sure I did it right. If I need to make a decision 
where I find myself lacking knowledge, I ask my network to help go for the best solution.

I am a helpful person. For 5 years I have volunteered as a scouts leader to boys in the age of 7 
to 11 years. Some of them have got a social disorder, like autism or ADHD. This taught me that 
a lot of people cannot handle changes very well. Therefore through design I would like to help 
them by designing with them.

GOALS

Position myself within the company
Competencies: Design and Research processes, Self-directed Learning
I always tend to act as a mediator, who combines opinions to come to the best solutions. 
This is also the place where I find myself in projects. Now an internship is a totally new 
environment where I expect to have a more supportive or deciding role. 
After three weeks I will evaluate how I see my role, through the framework of the insights 
group. This will help me finding the strong and weak points that persons tend to have in such 
a role. This can help me taking others into account.

Work with VR
Competencies: Technology and Realization
I have only worked with 2d and physical prototypes so far. Philips gives me the opportunity to 
work in their ‘Unity’ 3d world and get familiar with working with it.
The first phase of my internship will be exploring the software and the current prototypes. 
By closely working together with the creators in this phase I hope to get more sense of the 
software. In the end I hope to be able to understand how the software works and how I could 
possibly use it in my future.
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Elaborate on sound design skills
Competencies: Technology and Realization, Creativity and Aesthetics
Using the skills I learn in electives or basic courses is something that motivates me to learn. 
I recently did the course sound design and through this internship I can apply my skills and 
elaborate on them, to master them.
From the TU I will get some guidance from Berry Eggen, to correctly report my observations. 
Next to simulating the current sounds, I will also try to find some new warning sounds that fit 
the system.

Contact people for help
Competencies: Teamwork and Communication, Self-directed and continuous learning
I will operate in an environment where I do not know anyone yet, so my network will have a 
harder time helping me. Therefore I will contact new people who can assist. In my previous 
project I already took a step in this by being the contact person for our client.
I want to have this goal as it is more close to me. Throughout the entire internship I will try to 
find people that have the expertise I lack and learn from them.

User testing
Competencies: User and Society, Teamwork and Communication
In past projects I have found out how hard it is to design a user test that gives you the exact 
information you are looking for. Philips has got much more experience in user testing and 
they have pledged to help me when I need to test my designs. Near the end of my internship 
I will have a lot of time for user testing. Since I will work with professionals I want to set-up 
real qualitative user tests that contribute to the reflection. And where we can evaluate the 
simulation design next to the real system.

Reporting (on my own)
Competencies: Teamwork and Communication, Self-directed and continuous learning
I tend to act as a mediator, who always uses the help of his network to make decisions. 
During this internship I will be guided by professionals who will help me, but when it comes 
down to reporting I will be assigned to myself.
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RECOMMENDATIONS FOR IGT AUDITORY 
ALARMS AND MEDICAL STANDARDS

Remco F. Levenbach
Department of Industrial Design
Eindhoven University of technology
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Copyright © 2017 by the Association for Computing 
Machinery, Inc. (ACM). Permission to make digital or 
hard copies of portions of this work for personal or 
classroom use is granted without fee provided that 
the copies are not made or distributed for profit or 
commercial advantage and that copies bear this notice 
and the full citation on the first page in print or the first 
screen in digital media. Copyrights for components 
of this work owned by others than ACM must be 
honored. Abstracting with credit is permitted.

INTRODUCTION

 In September 2005 an international standard 
for auditory alarms on medical equipment was published 
(Sanderson, Eunice, Philippe, & Alexandra, 2006). In 
the IEC 60601-1-8 standard, recommendations ranging 
from preferred loudness to number of sounds are sta-
ted.  Up to this day the IEC 60601-1-8 is still the Basic, 
Generic and Harmonized standard for medical electrical 
equipment (DARE, 2017). Numerous papers have shown 
it possesses many good elements, but that there are   
areas where this standard could be improved. 
 In this proposal, the good elements from the 
standard are combined with sound design knowledge in 
2017, and then verified with the Philips Azurion. Then 
design specifications are given for improving auditory 
alarms in the Philips Azurion system.

IEC 60601 – 1-8

 In 2000, Block, et al. proposed a new set of 
alarm sounds which encode source information divided 
by an ‘organ system’. These sounds, shown in Figure 
2, are a precursor for the IEC 60601 – 1-8 standard, 
introduced in 2005. This standard uses melodic alarms 
whose source can be recognized from the melody played 
(Sanderson, Eunice, Philippe, & Alexandra, 2006). 
 Basically the standard makes a differentiation 
between high priority alarms (da-da-da---da-da) twice 
in quick succession, and medium priority alarms (da--
da--da) at a slower pace (Edworthy, et al., 2017). This 
differentiation is fully in line with the proposed set 
of alarm sounds by Block, et al. The standard is also 
concerned with psychoacoustic issues. The standard spe-  
cifies that the alarm sounds should have a fundamental 
frequency between 150 and 1000Hz, and should contain 
at least four harmonics within the range 300-4000Hz. 
This is to help aid localization and resistance to masking 
(Patterson, 1990).
 There should be noted that the standards and 
all literature reviewing these standards, are based on 
literature research, or on lab research. Studies examining 
the alarms in a clinical context have not yet been reported 
(Sanderson, Eunice, Philippe, & Alexandra, 2006). 



XIX 

Remco Levenbach

 Also, studies have shown the standard to be hard 
to learn and recognize (Sanderson, Eunice, Philippe, & 
Alexandra, 2006) (Edworthy, et al., 2017) (Edworthy 
& Hellier, Alarms and human behavior: implications for 
medical alarms, 2006).

PHILIPS AZURION

 Currently in Philips Azurion systems only three 
different audible signals can be found (Philips Healthcare, 
2016). The fluoroscopy buzzer, a High level fluoro- 
scopy buzzer and the Exposure buzzer. The system also 
contains two alarms. A repeating beep sound in the bo- 
dyguard override function, and the 5-minute fluoroscopy 
beep alarm. There is something to say for and against 
these buzzers and beep-signals.
 All audible sounds are defined with the same 
tone-frequency and pulse cycle, found in the newest UI 
specification (Velzen, 2016). This definition is explained 
in figure 1. 

OVERLAP AND DIFFERENCES

 At first glance it seems like there is not much 
overlap between the 2005 standard and the Philips 
Azurion sounds. The theoretical standard shows the 
use of musical notes and harmonics, where the Philips 
specifications tell the tone frequency and duration of 
pulses.
 Overlap can be found in the fact they both 
describe pulse signals, not constant tones. Also where 
the Philips UI specifies series of four pulses, the standard 
also specifies separate series of pulses. 
 One difference that is immediately spotted is the 
frequency difference. Philips specifies a tone frequency 
of 1953Hz as the tone frequency. In the standard they 

specify a fundamental frequency somewhere between 
150 to 1000Hz, with at least four harmonic sounds from 
300 to 4000Hz (Brien, 2006). This makes the sound 
sensitive for masking and harder to localize. When 
reviewed in practice on one of the Azurion test systems, 
not a tone of 1953Hz, but one twice as high: 3906Hz 
is heard. This tone lies even further away from the 
standard.
 As shown in Table 1 and Figure 1, the standard 
proposed to have alarm categories with melodic tones 
that mimic a characteristic term. The Philips audible 
signals do not convey a message with a melody.

PROPOSAL

 Standardizing upon the alarm sounds used is 
the best way to reduce the number of alarms and then 
to keep the number down (Edworthy & Hellier, Fewer 
but better auditory alarms will improve patient safety, 
2005). But the current IEC 60601 – 1-8 standard has 
not yet convinced the experts, the device companies nor 
the clinicians. The possibilities for alarm sounds in 2017 
are way richer than when the standard was released. 
Therefore, I will give my vision on better audible alarms, 
for the Philips Azurion in particular.
 I have designed one specific Earcon, for the 
5-minute fluoroscopy alarm signal. ‘’Earcons are 
abstract, synthetic tones that can be used in structured 
combinations to create sound messages’’ (Brewster, 
1993).
 The current five-minute fluoroscopy alarm is a 
single pitch buzzer. My proposal is to replace this with 
an abstract representation of the Tungsten element 
breaking down. Tungsten is the element mostly used 
for healthcare X-rays (C. J. Martin, 2015). Breaking 

Figure 1 Clip image 1 and Clip image 2. (Velzen 2016)
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Figure 2 The proposed sounds by 'organ system'. (Block, et al. 2000)
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down Tungsten is a random process, so every time the 
alarm will be a bit different, but it will be recognizable 
by the keynote and all series will contain four notes. 
The radioactive orchestra has done an effort to create 
a program that simulates radioactive elements breaking 
down (KSU, KTH). On their website www.nuclear.kth.
se/radioactiveorchestra/ you can create your own 
composition. 
 An earcon based on Tungsten complies for a 
great part with the IEC standard. The earcon I designed 
has a fundamental frequency of 242Hz. This falls within 
the range of 100-1000Hz. The other tones are around 
490Hz, 766Hz, 979Hz, 1165Hz and 1570Hz. These tones 
are not all harmonics, but three of them are. The earcon 
uses distinctive different pitches, because harmonics 
and non-tonal alarms are easier to hear and distinguish 
than single pitch alarms. And also easier to localize & 
resistant to masking (Edworthy & Hellier, Fewer but 
better auditory alarms will improve patient safety, 2005). 
This randomized scale should make for a proper alarm.
 The alarm will have the timbre of a marimba, 
played staccato. In figure 3 a musical notation of one 
variation of the alarm is shown. The series in the alarm 
will differ randomly in frequencies, but they will all 
consist of four tones. 
 The five-minute buzzer does not have a purpose 
for a differentiation in high, medium or low priority. It 
should be researched if and how a differentiation can be 
made between the first five-minute fluoroscopy alarm 
and the second or third one.

SUMMARY

 To summarize. Researchers have found that 
alarms can be designed better, and that standardizing 
upon alarm sounds could improve patient safety. An 
attempt to standardize alarm sounds, IEC 60601 – 1-8, 
has received the label of a standard, but is not commonly 
accepted nor implemented.
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Figure 3 Example of the proposed earcon, based on Tungsten
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