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How could the radiology department look like in 
the near future?

Body scanning techniques, our healthcare sys-
tems and human-computer-interaction technolo-
gies are developing fast. This project suggest 
a solution to bring these trends together in the 
radiology department.

Goal of this project is to develop a natural and 
intelligent interface for radiologists. The individual 
workspace of a radiologist should be the main 
focus of this work. How does the radiologist 
interact with data? And how is the individual work 
connected to collaborations and other people?

adapting new human-computer-interaction technologies to the 
radiology department

Natural Interactions for Medical Image Analysis
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Recently touchscreens have become widely ac-
cepted by users and they are becoming more 
popular in a lot of different products. Projects 
and products like the iPhone, Microsoft Sur-
face or Jeff Hans multitouch-wall gained a lot 
of media attention and started the popularity of 
touchscreens. I think touchscreens will become 
even more popular in near future and will change 
designs of other products. Today they are mainly 
used in public kiosks (e.g. ATM machines), on 
mobile devices and as installations (e.g. for exhi-
bitions).

Touchscreens are already a more natural user in-
terface (NUI) than mouse and keyboard, because 
the interaction with the graphical user interface 
(GUI) on a touchscreen is direct. Natural gestures 
like swiping and flipping are easier translated into 
touchscreen gestures than with the mouse. In my 
degree project I want to ask the question: what 
natural user interfaces will follow after the touch-
screen? What opportunities do non-GUIs have?

My approach to this questions would be a more 
tangible interface. Interaction with objects is more 
natural than with icons and graphics. I am also 
aware that there are several advantages in GUIs 
and keyboard & mouse interactions. My goal is to 
find an appropriate combination of tangible and 
digital interfaces.

As a result I call for an entirely different ap-
proach. Augmentation, not automation. 

Facilitation, not intelligence. We need devices 
that have a natural interaction with people, 
not a machine interaction. Devices that do 
not pretend to communicate, but face up 
to the fact that they do not and cannot. It is 
time for the science of natural interaction be-
tween people and machines, an interaction 
very  different than what we have today.

Don Norman: the Design of Future Things [2007]

Natural Interfaces
the future of human-computer-
interaction
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Most people will know radiology best for X-Ray 
pictures. But X-Ray is only a part of radiology. 

Radiology is the medical specialty directing 
medical imaging technologies to diagnose 
and treat diseases.

http://en.wikipedia.org/wiki/Radiology

There is a lot of different ways to scan the inside 
of a  human body. And different technologies are 
used for different body parts and detecting differ-
ent diseases.

A radiologist decides which technology should 
be used depending on the problems of the pa-
tient. He then views and analyzes pictures and 
other data coming from these scans to determine 
if there is something and what is wrong with the 

patient.

There are six main technologies used for scan-
ning the human body for medical purposes:

 - Projection (plain) radiography
 - Fluoroscopy
 - CT scanning - Computed tomography
 - Ultrasound
 - MRI (Magnetic Resonance Imaging)
 - Nuclear medicine

How the technology behind these scanning tech-
niques work is not a main interest of this project. 
So in the following pages we will just have a brief 
look at the uses and data that is produced by 
these scanners.

Interesting to think about is the fact that images 
from different technologies are often mixed to 

combine the advantages of each technology.

What is radiology?

Radiology Introduction
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http://www.heartworks.me.uk/http://www.wikipedia.orghttp://www.radpod.org/

Ultrasound
Ultrasound is mainly used for real time imaging. 
With Ultrasound you can look at a beating heart. 
Depending on the technology the Ultrasound 
image is a slice of the body part, similar to the CT 
slices but usually with less information about the 
density of matter and less resolution.

New ultrasound technologies generate videos of 
3D information. This moving 3D models are basi-
cally 4D representations (4D = 3 dimensions in 
space + 1 dimension in time)

CT scanning - Computed tomography
In CT scanning a series of x-ray-pictures is taken. 
You can think of these pictures as slices of the 
body. Depending on the protocol used, each 
slice has a specific volume.

CT scanning has advantages over the plain 
radiography because you look at thin slices in-
stead of the whole volume at once. You can also 
use these slices to generate a 3D model of the 
scanned body part.

Projection (plain) radiography
Best known as X-Rays, radiation is directed at 
one body part.

This radiation tends to pass through less 
dense matter (air, fat, muscle, and other 
tissues), but is absorbed or scattered by 
denser materials (bones, tumors or metal). 
So denser materials in the body are repre-
sented by brighter parts in the image, less 
dense matter is represented by darker parts.

In a projection radiography the picture contains 
information of a volume because the radiation 
passed from one side through a whole body to 
the other side to reach the receiver plate.
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source unknownsource unknownhttp://science.nationalgeographic.com/

Nuclear Medicine
Nuclear Medicine uses another method than 
Fluoroscopy. But here there is also some contrast 
injected into the patient.

These contrast/tracers are designed so they 
are concentrating in abnormal areas, making for 
example tumor detection possible.

Fluoroscopy
In fluoroscopy the patient swallows a radioac-
tive liquid or a radioactive tracer is injected into 
his/her body/bloodstream. These tracers can be 
detected by a CT scanner. By obtaining pictures 
time after time you can see the flow of the tracer 
through the body.

This enables for example detailed information 
about the colon or can show blood flow in arter-
ies and veins.

Blood flow data is normally represented as heat-
maps. If combined with normal CT scanning its 
also possible to generate 3D models.

MRI (Magnetic Resonance Imaging)
MRI uses a non radioactive technology to scan 
the human body. It gives the best soft tissue con-
trast of all the imaging technologies described 
here.

As in CT scans you can generate 3D models 
or view slices of the body. But MRIs are slower 
than CT scanners. This makes it difficult to obtain 
pictures of moving body parts as the heart or the 
lungs.
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Universitair Medisch Centrum Utrecht has a col-
laboration with Philips Healthcare. The hospital 
in Utrecht is one of the first to try out new Philips 
technology and Philips gets valuable feedback on 
their products.

Philips organized a hospital visit for me at the CT 
department. This was a great early opportunity 
for me to get a basic overview of the workflow in 
the radiology department there and also my first 
chance to speak to some professionals in the 
field.

Later I also had the chance to speak to some 
application specialists from the Philips Healthcare 
offices in Best, the Netherlands. They gave me 
insides on the different variations of radiology and 
how to use the radiology software of Philips.

Radiology Workflow
Hospital Visit, February 2, 2009



5. Technologist schedule
The technologist views his schedule and scans 
the paper request from the radiologists. He 
performs the scan as requested.

4. Edited Request Form
The request (still on paper) was edited by the 
radiologist and than send to the CT-technolo-
gist. Electronically the patient is scheduled.

3. Radiologist reviews request
He determines if the scan is needed and de-
cides which scan protocol should be used.

2. Request Form
The physician fills out a paper request form and 
sends it to the radiology department.

9

1. Examination of Patient
The physician detects an abnormality. She 
needs a body scan to determine if there is a 
disease and what treatment is needed.

Workflow CT department UMC Utrecht
This is the normal workflow of in the CT depart-
ment of UMC Utrecht. However this ordinary 
workflow (shown in the following storyboard) 
could be interrupted in special occasions. In ex-
ample when there is an emergency, the scanned 
images are incorrect or the disease is from un-
known character.



11. generating report
The computer generates a report according 
to protocol and the radiologist signs it. This 
reports is archived and send.

10. Reporting
Findings are reported with a microphone and 
via speech-to-text automatization.

9. Analysing scan data  
Pictures are analyzed by comparison. If needed 
a medical atlas (book) is used or patient history 
is viewed.

8. Radiologists schedule
Radiologist views his schedule and opens 
patient data. Hangings from the actual scan 
automatically displayed on 2 addtional viewing 

6. Preparing Patient and Scanning
The Patient is prepared for the actual scan. 
The scan itself just takes a couple of seconds 
(depending on kind of scan)

10

7. Post processing
The Technologist edits the scans, he prepares 
hangings according to protocol.
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This is different in Sweden, here they nearly com-
pleted the transfer to computer technology. Re-
quests to the radiology department are send and 
edited in an email-like hospital internal system.

Sweden also has a nation-wide healthcare net-
work called Sjunet. All hospitals are connected 
to this network and can share information. This 
could be patient history and pictures from previ-
ous body scans.

At NUH Umea there is a designated conference 
room for the purpose of sharing and discuss-
ing difficult cases. Radiologist present specific 
cases to a group of specialists. Together they will 
discuss the case and propose a treatment for the 
patient. The whole system is designed for these 
rounds. Radiologists can choose rare, difficult or 
interesting cases and schedule them for a round. 

Norrlands University Hospital, Umea, 
Sweden

The basic workflow at the radiology department 
at NUH is basically the same as described earlier 
for UMC Utrech.

However there are some minor differences 
between the two hospitals. It seemed to me like 
NUH Umea and healthcare network in Sweden in 
general is a bit ahead of other countries.

At UMC Utrecht radiology requests forms are still 
written on paper and than scanned and digi-
talized. Because some of their systems is already 
upgraded to digital networked technology and 
some is not, they have this weird mix of paper 
and digital data.

They just drag-and-drop the cases to a digital 
calender. Some cases are automatically sched-
uled for rounds by the computer according to a 
protocol defined by the hospital.

Because this conference room has a lot of inter-
esting aspects of sharing radiologists work, I will 
describe it in more detail on the following page.

Norrlands University Hospital R-1.3
Hospital Visit, February 19, 2009



Seats
for attending specialists.

Microscope
To look at tissue samples or other things re-
garding the case.

Video Camera and Screen
for video conferences and teleradiology.

Projections Control Panel
You can project any screen to the wall.

12

Presenters workspace & Projection
The presenters workspace is the same as in 
the radiology reading room but with an extra 
touchscreen to control the projections.

The room has a designated space for the radiolo-
gist/presenter. From this space you have control 
over the projector set up. About 30 chairs are 
facing the projection wall.

The presenters workspace has the same set up 
as in  a Radiologists Reading Room - 1 computer 
with 3 screens connected to the PACS system. 
There is also a small touchscreen for controlling 
the projectors. Normally the two picture-viewing-
screens are mirrored by the projectors. But you 
can also project the patient data or websites.

Conference Room at NUH Umea
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Overview of current software (and interfaces) 
used in the radiology department.

page not yet finished...

Software break down
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Nowadays the radiologist does not interact much 
with the images. Annotations and measurements 
are just a minor part of his/her work. Comparing 
and analyzing pictures is their main work. Some-
times they do not even need to navigate through 
the pictures/data because there are general 
protocols for displaying the pictures called hang-
ings. These hanging usually show everything the 
radiologist needs to see.

So I think visualization is one of the most impor-
tant parts in radiology.

Jannes: “I wonder why there are no spe-
cialised tools for radiologists. Your main tools 
are still mouse and keyboard.”

Radiologist: “Our main tools are our eyes!”

Following is a collection of visualizations I found 
related to radiology.

Vizualisation Techniques
visualizing the human body and
medical data

R-1.3
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Philips source unknown Xromm 4D

3D + time = 4D
Xromm 4D is currently under development. From 
what I understand its basically a 3D scan over 
time. So you can view/scan movements from 
different directions. In a example video they show 
3D bones inside a pig while it is walking. Another 
example for 4D imaging is a 3D ultrasound, 
where 3D images are rapidly captured and ani-
mated to produce a 4D ultrasound.

High Contrast 2D
High contrast 2D images are probably the most 
used visualization today. There are special (and 
very expensive) grey scale screens to display high 
contrast 2D images. Normally Radiologists use 
two of these screens side by side. With CT scans 
you can get a full body scan in slices, so you can 
“move” through the body by viewing slices from 
different parts of the body.

Advanced 3D
I found this company using game-graphic-en-
gines to visualize medical images in 3D. I am not 
sure if that’s the right way to go. How complex 
textures and shaders are useful in viewing medi-
cal images? Of course it looks fancy and might 
be a good thing for advertising a product. How 
much realism do we need in radiology?
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http://www.medi-mation.com/

Simulated Super Zoom
Simulations and medical illustrations show visu-
alizations of cells and atoms. Maybe in the future 
a super high resolution scanner could take these 
kind of pictures.

Also nuclear medicine already scans for specific 
elements in the human body.

Body Slicing
CT scanning is similar to the sliced bodies of the 
Bodies Exhibition (picture above). I think this pho-
to is showing in a great way what a CT machine 
actually does, slice the human body so you can 
look inside the body and at each slide at a time.

http://www.bodiestheexhibition.com/source unknown

Heatmaps
Heatmaps are often used to visualize activity and 
blood flow.

I this image in the upper row you can see a 
merged image of a MRI scan and a SPECT im-
age. MRI scans are great for showing anatomic 
details, especially for soft tissues. SPECT im-
ages instead are showing the activity of organs 
with the help of some radioactive tracers that are 
injected into the patient.
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Feature (e.g. Organs) Recognition and 
Coloring
Automatic feature recognition makes it easy to 
distinguish between different organs and bones. 
You can easily turn off different body parts to 
view specific organs. In the picture above you 
can see that the organs are colored (e.g. bones 
are blue) and some are transparent (e.g. skin). 
are there other ways to visualize different organs 
than coloring them?

Siemens

Movement Visualization
Recreation Movement is a diploma thesis by 
Martin Hilpoltsteiner at the University of Applied 
Sciences Wuerzburg, Germany, Communication 
Arts. It has some very unique ways of analyzing 
movement in videos. The basic idea is to extract 
all single frames of a movie and arrange these in 
different ways to make it easier to analyze move-
ments. It also uses coloring and tracking filters to 
emphasize special features of the movement. In 
his work Martin gave some examples of analyz-
ing sports movements, and car crash tests. I 
think it could also be applied to analyze medical 
video or 4D data.

Philips http://www.recreating-movement.com/

Virtual Endoscopy
All data for the 3D model  of the colon was 
acquired during a body scan of the patient. The 
visualization is basically a flight through the colon, 
but you can see in all directions at the same time. 
This makes it possible to look behind corners 
and ledges without changing the viewing direc-
tion.

Here you can see a screenshot and the cube in 
the right corner is showing all 6 viewing direc-
tions (I marked it accordingly on the screenshot 
of the colonoscopy). 
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What will the future of radiology look like?

Of course there will be better technologies for 
scanning the patient. One trend is combining 
different technologies (e.g. MRI and CT ) and use 
both their strengths. Data generated by these 
multi modality methods is richer and more de-
tailed. Higher resolution and faster scans will lead 
to better models and scanning of moving parts.

Artificial intelligence and Computer Aided Detec-
tion (CAD) will become stronger and could take 
a lot of work from the radiologist. Processes will 
get automated.

It is also really important to look at the future 
of healthcare in general because it is the world 
radiology lives in. Healthcare 2.0 is a popular 
buzzword. It means the empowerment of the pa-

tient by interconnected healthcare networks. But 
it also makes the work of the radiologist easier. 
Patient history is available anywhere. Scans can 
be send over the whole world making remote 
working possible - this is called teleradiology.

Following you will find a collection of concepts 
and projects I took as inspiration to think about 
the future of radiology.

for the next generation of healthcare and radiology

Concepts and Projects



Heartworks Simulator
The mannequin trains students how to do heart 
examinations. The software displays a virtual 
ultrasound image and  a 3D model of the heart.

Heartworks Interface
A 4D model of the heart beating. Time and 
viewing angle can be changed, parts can be 
turned transparent and the heart can be sliced.

VisualBody for Patients
VB embedded in a healtcare webpage - edu-
cating patients about knee implants.

19

VisualBody Interface
3D model of the head, skin and muscles are 
turned off. A part of the head is selected and 
highlighted in blue.

The VisualBody is a full human anatomy visualiza-
tion tool. It’s a complex 3D model of the human 
body and all its organs. The heart of the interface 
is a sidebar on the left side. It’s a hierarchical 
library of systems, groups and objects of hu-
man body parts and organs. You can click any of 
these and the 3D model will zoom into this sys-
tem/group/object and blend out other body parts 
for better viewing. You can also click any part in 
the 3D model to highlight it, the sidebar will tell 
you the name of this part and which groups/sys-
tems it belongs to. You can also type to search 
for body parts.

Heartworks is a realistic 4D simulation of the 
heart. You can see the heart beating and view it 
from all angles, turn parts of the heart transpar-
ent, and slice it to view it from the inside (all this 
while it is beating!). It also simulates Ultrasound 
images as they are used in heart examinations. 
The purpose of this application is to educate 
students. Therefor they also have a mannequin 
that is connected to the software to simulate 
true-to-life Ultrasound examinations. This is very 
interesting for me, because its not only an incred-
ible software but also a new medical tangible 
interface.

Healthcare Education



Online Networks
Visualization of online network of professionals 
and their connections (reports etc...)

Ubiquitous and mobile computing
a flexible displays works as mobile screen-
ing device and can also be connected to the 
multitouch screen for collaborative use and 
datatransfer.

3D models and annotations
3D/4D illustrations of diseases and explana-
tions/annotations by user around the world

Online Search
an online database of reports can be searched 
and compared to your own case.

20

Tangible Interactions
a physical model of a brain is placed on the 
screen and augmented with digital information/
visualizations.

This project by the Microsoft Surface team was 
presented at CES 2009. It is a project about 
the future of healthcare with several aspects if 
mentioned in my previous research: a networked 
heatlhcare data system, complex 3D models, 
online communication, ubiquitous computing and 
new interaction methods.

Microsoft Surface
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http://www.arcane-technologies.com/http://campar.in.tum.de/WebHomehttp://www.medgadget.com/archives/2008/11/individually_man-
ufactured_replacement_bones_in_clinical_trial.html

Arcane-Technologies
Arcane is not specialised in the medical field, 
however they made this prototype of augmented 
reality to view the brain.
A plastic head is tracked and can be rotated 
and tilted to see the brain from different angles. 
With virtual pointer you can change the slice of 
the brain you are looking at.

Printing Human Tissue
The picture shows only one example of print-
ing real bone tissue that is already in clinical trial. 
There are several other researchers also  experi-
menting with printing bone tissue. At biojewellery.
com they produce jewellery made by growing 
bone from your own DNA.

And there is also research done in printing soft 
tissue, whole working organs, beating heartcells 
and similar. One example can be found here:

newscientist.com/article/mg19025474.300-print-me-a -heart-

and-a-set-of-arteries.html

Computer Aided Medical Procedures 
& Augmented Reality (TU Munich)
CAMP at the Technical University Munich is 
experimenting with augmented reality for medi-
cal uses. They use head mounted displays and 
are tracking patients anatomy in real time to look 
inside the body from the perspective of the physi-
cian with the head mounted display.



A video projection on the wall can be activated 
when calling other hospitals.

A touch table is used as colaboration area. You 
can send data from your personal workspace 
directly.

A touchscreen is the major input device for the 
radiologist.

22

A video wall shows people and information 
about them that are currently working in the 
reading room.

Philips Reading Room 2020
This is a concept presented by Philips at RSNA 
2007. It was actually done by the same team that 
is sponsoring this project, so I took it as one of 
my main inspirations.

Its a full future concept of a radiologist reading 
room in they year 2020.

Touchscreens, video conferencing and ambi-
ent experiences. Light and ambient control had 
some major influence from the Philips Lighting 
Design.
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I conclude my research phase based on my 
online research, hospital visits and interviews with 
specialists at Philips Healthcare.

I pointed out problems in the work of radiologists 
and trends of radiology. This lead to 4 general 
topics  I based my ideation phase upon.

1. Data Explosion
Technology is changing fast. New ways for scan-
ning bodies are developed. Different technologies 
are combined (multi-modality) to get an even 
more detailed pictures of the body. A brain-scan 
can have up to 20000 pictures. Also patient his-
tory becomes easier accessible, scans from the 
past can be included in the analysis.

This is a lot of data to view for the radiologist, 
there is a need for specialized tools to be able to 
see what is important in all this data. data-visu-
alizations should be an important part of these 
tools. radiologists are not dependent on viewing 
2D slices anymore.

2. Comparing Cases (connected data 

in a Healthcare 2.0 world)
Nowadays radiologists use physical books, medi-
cal atlases to compare the body scans with ex-
amples of known diseases. But the trend goes to 
digital data, there are more possibilities for visual-
izing and comparing diseases than with a book. 
Patient history and information becomes eas-
ily accessible and can be incorporated into the 
diagnosis. Radiologists also like to collect their 
own special cases for future references. PACS is 
already the first step to centralize these collec-
tions and patient data, what is the next step?

3. Reporting for who?
Reports are normally generated automatically 

subtitle

Research Conclusion
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according to the protocol. But who views these 
reports? Different specialists need different infor-
mation. New technology delivers more options of 
showing information (e.g. video and 3D). In the 
healthcare network of the future even patients 
could be able to access their own scans, but 
they don’t know how to read this information. A 
big advantage of the connected world is the ease 
of sharing knowledge, the system should be 
designed for this.

4.  Prognosis in the Radiology Depart-
ment
Today a radiologist has about 3-5 minutes to 
view and analyze a case and make a diagnosis. 
Officially its not his/her job to make a prognosis 
(e.g. propose what treatment is needed). But 
fast developing technologies in the radiology field 
would make prognosis possible in the radiology 
department. And there is already a gray area: ra-
diologists and surgeons work together to analyze 
images and decide on a treatment. Is this the ra-
diology of the future - high specialized physicians 
working together to create a prognosis, maybe 
even in the radiology reading room? How should 
a reading room be designed to accomplish a 
seamless workflow for the individual specialists? 
What is the role of CAD and teleradiology in mak-
ing prognosis?
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I started the ideation phase with some brain-
storms with other designers at Philips in Eind-
hoven. I have given no bloundaries to the ideas 
of the participators , expect that it should some-
how be related to radiology. Designers at Philips 
Design Healthcare are in general familiar with the 
topic, so it was easy to brainstorm with them.

Sorting out these ideas and my own thoughts 
gave me a lot of interesting concept directions. 
Some more reasonable and others a bit further 
out in the future.

directions and brainstorming

Ideation Phase kick off
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Super Zoom
What if medical scans would have such a high 
resolution that they could display individual cells 
or even atoms?

Mobile body scanning
A mobile body scanner could be attached to the 
body, it scans your body continuously. In case 
of a problem the radiologist has access to the 
development history of the disease/trauma and 
your whole body.

3D printing
Printing out the body parts in 3D could be a 
complete new way of interacting with body-
scans. 3D printing becomes cheaper and in the 
near future you will also be able to print different 
materials. 

How would you use these printouts for analyzing 
the body and looking for abnormalities? Do you 
slice it up, or maybe it works like Lego so you 
can assemble and disassemble it to look at the 
inner parts.

It could also be augmented with virtual infor-
mation by tracking the position of the printout 
and project on top of it, or display the info on a 
screen.
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Tactile Displays
What does a radiologist do to locate and identify 
a tumor? He is looking at pictures and compares 
them to find known patterns or shapes in the im-
ages that are related to the tumor. But there is a 
lot more attributes to a tumor that would identify 
it. In mammography it is the first thing to do, 
touch the breast and get tactile feedback about 
lumps. What if there were a sophisticated “tactile 
display”? So we could actually feel tissue with 
our hands to analyze patterns/shapes. Hands are 
very sensitive, try to think how easy it is to feel a 
grain of sand or hair. It could give us additional 
feedback about softness/hardness, texture, sur-
face, shape, composition…

Eyetracking
I had this idea of using eyetracking to enhance 
the radiologists work. Radiologists watch and 
compare pictures, they need to espy patterns 
and abnormalities in these pictures. But for 
navigating through the pictures they need to use 
mouse and keyboard.

Something more interesting could be a eyetrack-
ing and touch interface combined. Looking at a 
picture selects it, making a touch gesture at the 
same time zooms it. 

http://vimeo.com/3502197
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After the initial ideation phase I matched the 
concepts with my assignment from Philips  the 
individual workspace of the radiologist in the near 
future.  Also I eliminated  concepts that were 
impossible or hard for me to evaluate.

If you take the eyetracking concept for example. 
It is a interesting topic and I even got good feed-
back from the radiologists around this concept, 
but the main problem was that there is no way 
for me to prototype it. Using eyetracking to con-
trol a computer is a very new way of interfacing 
and it is hard to just think of it without being able 
to actually try it out.

The same problem applies to the tactile display.

And I determined that Mobile Body Scanning  is 
set to far in the future to relate to my Philips as-
signment and the Philips Reading Room 2020.

Therefore I didn’t continue these concepts, 
however I had three other ideas that became my 
main concepts and I developed these further in 
the second half of the ideation-phase.

 - Concept A - Multitouch
 - Concept B - 3D Interface
 - Concept C - Interfacing with the healthcare 

network

Continued Concepts
3 concepts further explored
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Radiologists normally work with mouse and 
keyboard to navigate and browse the images. 
A touch interface is a very direct way to interact 
with objects on the screen. And in radiology 
manipulation and viewing images is the main 
human-comupter-interacting task. Therefore I 
think a touch interface could be optimal for the 
everyday workflow of a radiologist.

In recent years multitouch interfaces became 
very popular and common gestures are recog-
nized and might be expected by radiologist using 
a multitouch interface for viewing body scans.

I did not want to reinvent these gestures, but try 
to adapt to the radiologists needs.

For my first concept explorations I thought about 
some of the most important tasks of the radiolo-

gist and adapted them to a multitouch interface.

While making the video I already got a lot of new 
ideas how to change and improve the multi-
touch-concept. Also before the video I was think-
ing about adding some graphical user interface 
(GUI), but then I really liked the simplicity of the 
visuals, and it still felt natural to interact with the 
images. Also I think it is really important for the 
radiologist not to get distracted by the GUI. That 
could be a real advantage in a touch interface for 
the radiologist.

touch instead of mouse and keyboard

Concept A - Multitouch

http://vimeo.com/3580409
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These are some explorations for touchscreen 
setups. Considering that the radiologist works all 
day a angled screen might be better in ergonom-
ic aspects of the viewing angle. However touch-
ing an angled screen can get exhausting for your 
arms after a while. A combination of touch table 
and angled screening could be the solution.

Touch Screen Setup Concepts
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Radiology is based on 2D images nowadays. 
During my research I found a trend towards 3D 
and 4D images. These are usually generated by 
putting together 2D slices, but as a Dolph (mam-
mograhpy specialist at Philips) said:

bodies are not made of 2 dimensional slices, 
they are volumetric and therefore should be 
viewed in 3D.

There is definitely a advantage in viewing not the 
whole body at once. Looking at 2D slices is like 
looking at details from the body, but these seg-
ments could also be 3D objects, looking at an 
organ with all other tissue removed could be very 
helpful.

So I started thinking about 3D navigation and 
how the radiologist could interact in a natural way 
with 3D data.

There is already some examples in 3D interfaces 
for radiology. Caveman is virtual environment that 
is also used to view anatomic 3D models. And 
there is also projects about stereopscopic 3D 
viewing (with 3D glasses).

I am not sure about these technologies. I don’t 
like wearing glasses all day and also whenever I 
used these 3D glasses it stressed my eyes a lot. 
The radiologist will be working with the device all 
day long and also it could be annoying to give 
glasses to people whenever you want to share 
something on your screen.

The Caveman virtual environment is interesting, 
but does not fit into the all-day workflow. It uses 
a whole room and also you need special head-
sets as well.

Also I faced  some resistance among radiologists 
against 3D viewing. They are trained to view 2D 
images and radiology education is based on this 
kind of analyzing.

But I think introducing a simple and natural inter-
face for viewing 3D body scans could help the 
acceptance among radiology professionals.

For this concept it was really important to feel the 
interface to evaluate if it is a good way of inter-
acting with 3D models. So I started sketching 
prototypes in the concept phase.

interacting with 3D and 4D images

Concept B : 3D Interface
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Point and drawing in 3D
This is a prototype for pointing and drawing in a 
3D space. I think this could be helpful for anno-
tating and marking 3D body scans or in discus-
sions.

You have a pen that is tracked in 3D position. 
You can see all 3 planes of the 3D space and the 
position of the pen in each of the planes. Without 
these planes it was hard to understand the virtual 
3D space. The planes work really well for orienta-
tion, and I think an implemented 3D model would 
make it even easier.

Pointing in this prototype feels very natural, but 
drawing in free air is more complicated than 
expected.

Physical Cube concepr #1 - explora-
tions
I had the idea of using a physical object as 
interface. The digital 3D model of the body scan 
could interact exactly as the physical object. 
Rotating and moving a physical object is a very 
natural interaction. In this first prototype I tried to 
explore different variations of interacting with the 
physical object.

1. manipulating a cube in front of the camera, 
and use augmented reality (AR) to display the 3D 
scan. 
2. manipulating the camera and also use a AR.

3. manipulate the cube, without using AR. The 
3D model moves and rotates exactly like the 
cube.

Physical Cube concept #2
In the second version of my physical-cube-inter-
face prototype you can not see the video stream, 
like in the 3rd variation in the explorations. And 
also I’ve implemented some of my initial ideas for 
viewing actual radiology data.

While playing around with the prototype I became 
more familiar with the advantages and problems. 
It already felt really natural to view a 3D model. 
But I think the other ideas I’ve implemented 
(pressure sensor to slice through the volume, 
move cube left/right to change transparency) 
need some more consideration. In this prototype 
there is too much things happening at the same 
time, it is confusing.

http://vimeo.com/3546846http://vimeo.com/3471412 http://vimeo.com/3776345
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Concept A and B are dealing with the direct 
interaction of radiologists with the body data. In 
my third concept I was thinking about interfaces 
that incorporate a world wide healthcare network 
and ubiquitous information. It’s not about new 
natural interactions, but about a service with a 
social/professional network and about informa-
tion design.

I tried to think about some key aspects in this 
concept. These aspects origin from my research.

 - Crowd sourcing to analyze cases, avoid mis-
takes and link to similar cases.
 - Make the radiologists reading room more 

social by implementing a social/professional 
network like LinkedIn.
 - Get an emotional connection between the 

radiologist and his work.
 - Link to other data sources from the internet.

and how to interface with it

Concept C - healthcare 2.0
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Viewing the case
If you have problems analyzing the case, you can 
look for help and information in the healthcare 
network. There is a database of cases from all 
over the world and an online medical atlas with 
links to the community.

The system automatically searches for cases that 
are related and similar to your case and orders 
them according to relevance.

Your Personal Profile
Contains information about your profession and 
work related interests. It also displays the devel-
opment of patients that you have worked with. 
So the radiologist has an overview of the results 
of his work  and therefor a emotional connection 
to his work.

Also it contains your personal collection of cases, 
that you marked as especially interesting.

You see news, status and location of your col-
leagues and friends at work and a shared calen-
der.

Homescreen
This screen has an overview of the cases that the 
radiologist has to work on today. It automatically 
picks news about related researches, events and 
products from the internet. Also it has an over-
view of your own profile in a worldwide health-
care network.
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Online Discussion
Because the radiologists all over the world par-
ticipate in the network and database, it is likely 
that the radiologist you want to call is in another 
country. Therefor a video conference is initiated 
and you don’t have to meet in person.

During the video conference your screens are 
shared and both participants can view the refer-
ence case and your case at the same time. You 
can also see when the other participant is mak-
ing annotations or pointing at things he explains.   

Reference Case Details
Because the reference case lies in the past, there 
is already a report for it, that can be viewed. 
Also you can see the development of the patient 
after the diagnosis. What happened to the him/
her afterwards, how successful was the chosen 
treatment? You can adapt these information to 
analyze your case and chose the right diagnosis.

Sometimes cases are really complex. To under-
stand the context you can call or schedule an 
meeting with the Physicians/Radiologists who 
was involved in the reference case.

Comparing with reference case
After picking a reference case you can compare 
the findings in it with your own case. Images are 
linked so you always see the same view of your 
and the reference case at the same time.
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Sending and archiving the report
After signing the report will be send to the internal 
PACS system of the hospital. You can choose to 
add it to you personal collection of cases, publish 
it online or share it with colleagues/friends.

Report overview
After analyzing the case a report is generated 
automatically with links to annotated images, 
videos, or 3D views. The radiologist has to review 
the report to avoid mistakes and it’s also helpful 
to see the sum of all findings to maybe rethink 
the case.

The system might suggest common mistakes or 
diagnosis that were done in similar cases, so the 
radiologist is aware of these and can avoid to do 
such a mistake. 
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I showed my three main concepts to Radiologists 
at Norrlands University Hospital, Umea, Sweden 
and to Application Specialists from Philips in the 
Netherlands.

They were interested in the 3D interface of con-
cept B, But when we were talking about it they 
didn’t relate it to their individual work. They told 
me that they could see potential in using it for 
communication with other professions (like sur-
geons) and also for student education purposes. 

Also they told me that they are trained to view the 
data in 2D slices and therefore do not need help 
in visualizing 3D relationships.

However I think in the future radiology might not 
be based on 2D slices anymore and having a 3D 
interface could help radiologists work in a differ-

ent way.

I’ve got some positive feedback for the touch 
interface. I think there is a need for having a spe-
cialised tool to interact with the radiology data. 
And a specialised touch interface that enables 
a better workflow by using multiple fingers and 
both hands at the same time could be perfect for 
this.

The radiologists I interviewed had some con-
cerns about dirt from the fingers on the screen-
ing surface, because any little disturbance in the 
pictures could lead to misinterpretations.

The healthcare network concept was appreciated 
by all people I’ve interviewed. I think it’s mainly 
because they are already dealing with some as-
pects of the healthcare network and other parts 

are not connected yet. So a universal system is 
something obviously addressing their problems.

Eventually I’ve decided to take parts of all my 3 
concepts and put them together in one system 
called Nexight.

 

Final Design
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2. Communicate with the Network
Using resources from a (future) worldwide 
healthcare network.

Connect and share knowledge with other 
professionals in the radiology field.

3. Discuss the findings
Report and discuss your findings with the 
help of augmented 3D prints.

1. Screen and Touchscreen
Interaction methods for a TouchScreen 
and high resolution ViewingScreen com-
bination.

Nexight system:



1. Screensetup:
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Nexight Multitouch
1 wide-screen high resolution screen 
1 multitouch screen

Traditional Reading Room Setup
2 high resolution screens 
1 color screen 
Mouse & Keyboard



2. Healthcare Network

40

Nexight’s window into the cloud
Accessing information and seamless exchange knowl-
edge in a worldwide healthcare network. A fully digital 
and connected system.

Transition between digital and analog
Nowadays hospitals have internal archives and da-
tabases to exchange patient data between different 
departments and they use printed medical atlases as 
references.



3. Report and discuss
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Nexight augumented 3D print
make real size 3D prints after the diagnosis 
position tracking of the print to display additional digital 
information on screen 

Traditional Report
Nowadays radiology reports are mostly text based. 
Sometimes images are annotated.
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Screen Concept
The bigger screen is the ViewingScreen, it only 
displays the images of the body scan. There is no 
graphical interface that distracts from the images. 
The Viewing Screen has high resolution to display 
small details in the images. It’s also quite big, so 
you can display the images in real life size.

The TouchScreen works as a control tool for the 
ViewingScreen. All the graphical interface is dis-
played on the TouchScreen. You control images 
on the ViewingScreen by using the TouchScreen.

Also all details about the scans and other related 
data is displayed on the touchscreen.

Because the ViewingScreen does not have a 
touch interface, there is no problem with smudg-
es that could disturb the pictures.

In the following pages I will describe the main 
screens of Nexight.
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Home
This Homescreen on the Touchscreen of Nexight 
is the first screen after the startup of the system. 
Nexight senses your identity and can adapt the 
system to your personal needs.

Besides being your daily case schedule, the 
Homescreen of Nexight is a peak into the latest 
information of the healthcare network. It filters 
information relevant to you and your work. It also 
shows your own current Status in the network.

You can also access your past cases, the hospi-
tal archive and the worldwide network of hospi-
tals from here.
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Communication
There is a need of always being connected and 
reachable nowadays, in the future possibly even 
more.

Nexight senses the identity of the radiologist and 
connects to his/her e-mail accounts, call lists 
and other digital communication services. It then 
displays a summary of all your communication in 
this column.

News
Radiologists have their own personal news 
sources: magazines, conferences, books, blogs, 
communities.

But Nexight filters news from the cloud for you 
in a different way. It displays specific information 
relevant to your current schedule of cases. This 
could be news about new technologies, research 
findings, new diagnostic methods or events di-
rectly related to your cases today.

Nexight is not the universal, personal computer 
- radiologists have these in their own offices - 
Nexight is a highly optimized workstation, there-
fore the news are very specific to the work done 
on this system too.

Your Network
The network column is the social part of the 
healthcare network. The radiologist gets status 
updates from his/her colleagues and professional 
friends around the world. There is automated 
status updates about their locations and sched-
ules but also personal messages like recommen-
dations for books or links to interesting cases 
they’ve worked on. 
It’s not only updates from people, but also up-
dates from the direct environment - in this case 
the hospital. Their are updates about what is 
happening at the hospital, e.g. if there are inter-
esting researchers visiting the department next 
door or if somebody gives a presentation. Also 
practical information like: the canteen is closed 
for maintenance...
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Schedule
The schedule is automatically populated with 
open cases from the hospital database. It also 
takes the personal schedule from outside the 
radiologists reading room into account.

Each item in the schedule is one case that needs 
to be analyzed. By analyzing your workflow, 
Nexight can predict how much time you normally 
need for this kind of a case, so the size of the 
item in the schedule represents this time.

A vector images from this cases scans is auto-
matically generated to give a iconic visible repre-
sentation of the actual case.

Also case number and a basic description of the 
request are given.
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ViewingScreen  - scaled down

TouchScreen

Open a Case
When you open a case for the first time it will 
show the request and a link to the profile of the 
physician who requested the diagnosis.

On the main stage (explained on the next page) 
the usual hanging for this kind of case is generat-
ed by the system. It displays containers for each 
view-mode that is used in this hanging. Each 
container shows information about which data is 
used for this view-mode and about size and time 
that the scan was acquired.
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Case Viewing
There is a basic interface layout while you are 
viewing a case.

In the middle is the Main Stage that contains all 
images that are currently displayed on the View-
ingScreen.

The left bar is you access point to the current 
case data: reports, request, patient history and 
body scans.

The right bar is for reference cases. Its the new 
medical atlas that contains cases, reports and 
researches from all over the world.

And the bottom bar is your basic navigation bar 
for going back to the Schedule. It also displays 
time and date.
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Image Viewing
To navigate through one of the image data sets 
on the Main Stage you need to open it by touch-
ing the container.

In this Manipulation mode you can for example 
zoom in and out of the image or change the slice 
you are looking at.

There are two main areas after opening the view 
container. The left area is always an Overview 
of the data displayed on the ViewingScreen. 
The area on the right is an Additional Controls to 
change the state of the main image.
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ViewingScreen  - scaled down

TouchScreen

Zooming and Slicing
Both areas - Overview area (left) and additional 
Control area (right) - have a button at the bottom 
to change their view-mode/control-mode.

In this example we have a Sagittal Slicing view on 
the right. To change the slice that we are looking 
at on the Viewing Screen.

The Overview area is used for zooming and pan-
ning it shows the relation between the zoomed 
image to the full size scan.
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2 ways of interacting
With the ViewingScreen and Touchscreen combi-
nation there are two different ways of interacting. 

The obvious interaction is that you look at the 
TouchScreen and your hand/fingers while using 
it. This mode is used for navigating through the 
system (schedule, search reference cases etc...), 
organizing hangings and directly jump to specific 
parts of the scanned images.

While analyzing the images the radiologist is 
mainly focused on the high resolution Viewing-
Screen. He still needs to be able to navigate 
through the scan, as for example slice through 
the volume or rotate and zoom areas.

Looking down to the touchscreen each time you 
want to change the image would result in awk-
ward continuous up and down movement of the 
head.

So in the second mode the TouchScreen func-
tions like a touch-pad that you do not look at 
while using. This mode is triggered by using 2 
fingers.

direct interaction
look at your hands and the touchscreen 
1 finger gesture

indirect interaction
not looking at your hands 
2 finger gesture
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direct interaction - with 1 finger

Using the one finger gesture interacts directly 
with the images.

In this example the indicator bar for the slices is 
at the exact position of your finger.

Lift you finger and touch anywhere in the area 
and the bar jumps directly to this position.

As long as you keep the finger on the touch-
screen the bar will be at the same position as 
your finger - you can drag it around.
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It does not matter where in the area you touch 
with the two fingers gesture. Touching without 
dragging does not change the image at all.

Touch - drag and then hold your fingers at one 
point of the screen to keep a constant speed of 
rotation/slicing.

By dragging you fingers up or down you change 
the speed of rotation or slicing.

The bigger the distance from your first touchpoint 
the higher the speed.

indirect interaction - with 2 fingers

There are two different big areas on the touchscreen that 
work for the two finger gesture while viewing an image. Its 
easy to find these areas even without looking at them. Its 2 
areas so you can have different functionality for your left and 
right hand at the same time
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ViewingScreen  - scaled down

TouchScreen

Searching Reference Cases
In some cases the radiologist needs reference 
information. Therefor Nexight has a partly auto-
mated search engine.

Once you touch the Reference Cases Button 
on the right side of the TouchScreen, it opens 
search results for your current case and sorts 
them by similarity to your current case.

The search and similarity algorithm depends on 
the kind of case you are viewing. For some cases 
gender makes a big difference in comparability in 
others its the age of the patient. There could be a 
lot other patient data included in the search.

Another search criteria is the origin of the case 
data. Since we assume a worldwide healthcare 
network the data could come from anywhere in 
the world, but treatment methods and healthcare 
laws vary in different parts of the world. So cases 
from different countries could be more or less 
relevant to you.

The radiologist can change the default search 
options afterwards. He/she can also search for 
specific treatments to see their outcome.
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ViewingScreen  - scaled down

TouchScreen

Reference Case Report
You can open a reference case to see the details 
and also compare it directly to you own case.

A view container for the reference case is added 
to the Main Stage and the reference case report 
is opened.

There is some basic information about the pa-
tient, the diagnosis-report and a link to the profile 
of the reporting physician.

While sliding with your finger over the report-text 
the according images plus annotations are dis-
played on the viewing-screen.

Also a thumbnail of the according view-modes is 
displayed next to your finger. You can drag this 
image to the Main Stage for further investigations 
after closing the report.
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ViewingScreen  - scaled down

TouchScreen

Reference Call
You can directly call the physician involved in the 
reference case to get some personal insights in 
the reference case. It’s also helpful to discuss 
your own case, since the other physician has 
some valuable experience with a similar case.

The call starts with a fullscreen video image of 
the participants. As soon as you are pointing at 
the patient images, the system will change into a 
shared screen mode.

The ubiquitous online database makes it possible 
to view the images of the case on both sides 
at the same time. For better understanding the 
viewing screens (not the touchscreens) of both 
sides of the video conference are shared, so 
you can point at and navigate through the data 
together while talking about it.

You could even record findings during the discus-
sions and by doing so, add them directly to your 
report.
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ViewingScreen  - scaled down

TouchScreen

Marking and Reporting
Reporting in Nexight is directly connected to 
marking and annotating.

If you open an image container, the left bar of 
the TouchScreen will show your marking and 
measurement tools. You activate marking by 
touching one of the buttons. You can now mark 
and measure by touching the image. For more 
accuracy the Overview area will zoom into the 
image and not show the relation to the full size 
scan anymore.

While you are marking, the system is recording 
you speech and translates it to text. This text is 
automatically added to the report with a direct 
relation to the point/volume/area/distance you’ve 
marked while talking.
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Finish the Report
The radiologist has marked images and mea-
sured volumes during analyzing the case. This 
could be for example tumors or bone or abnor-
mal tissue. He/she also recorded explanations 
related to these markings. Nexight generates a 
report proposal from these recordings and mark-
ings.

In the last step of making diagnosis on Nexight, 
the radiologist reviews this report and can add 
or change parts in it. Eventually he can sign the 
report and it’ll be send to all parties involved in 
this case.

In some complicated cases follow up meet-
ings with surgeons or other radiologist might be 
necessary. For these meetings the radiologist 
can choose to print out parts of the body scan 
as a 3D model. To define which part is going to 
be printed the radiologist can choose from the 
volumes he marked before or by selecting special 
tissue groups (e.g. blood vessels, bones...) these 
tissue groups are automatically generated by the 
system.
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3D Printing
As pointed out in my research: printing human 
tissue has already been done. There is a lot of 
examples in medicine research to grow bones 
and living organs to replace damaged body parts 
in human bodies.

I think 3D printing will become very cheap and 
quite common in the near future. Having your 
personal 3D printer at home and printing at 
prices similar to 2D paper-prints will definitely be 
around at some point. Therefor I think reasonable 
to suggest 3D printouts for some cases in the 
radiology department.

Especially since we are scanning 3 dimensional 
bodies, its only natural to look at them in 3D and 
also touch them. Touching could especially be 
interesting if the 3D printout is actually a print of 
human tissue, and so behaves and feels exactly 
like the part in the patients body.

The radiologist can print out the tumor he/she 
identified and give it to the surgeon. The surgeon 
can see and feel the tumor and use it as refer-
ence during the surgery - this idea was inspired 
by an actual fact during some surgeries. There 
are some surgeries nowadays in which the 
removed tissue is send back to the radiology 
department, so the radiologist can scan and 
compare it to the initial body scan and see if 
everything was removed as planned.

We already print naturalistic models of bones. 
Having a model of the bone structure could be 
very helpful for orthopedic surgery.
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Augmenting the 3D model
The 3D model is tracked in 3D and a 3D visu-
alization of the scan is projected on the high 
resolution screen. The digital model on screen 
behaves exactly like the physical 3D model, so 
you can rotate, tilt it free in space.

The visualization settings for the digital augmen-
tation on screen can be changed to see different 
structures, but the physical model will always be 
the same and helpful as a reference.

Also annotations and markings from the report 
can be viewed while holding the physical 3D 
model in different angles.
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3D Pen Tool
There is an additional pen tool for pointing and 
marking the model. The pen is tracked in 3D too.

Its especially useful in situation in which you dis-
cuss the scan with other physicians. 

Apart from marking and pointing it can be used 
for slicing the digital 3D model with a 3D plane.

With the pen you can also switch into a Camera 
mode that is explained on the next page.
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Pen - Camera Mode
One mode of the pen is the Camera mode, in 
which the pen itself functions like a camera for 
the digital 3D model. The direction of the pen is 
the direction of the digital camera.

This makes it easy to zoom into and rotate 
around a specific part for a closer look. It also 
makes it quite easy to follow 3 dimensional 
curved structures in the scan.
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VJing interfaces were a great source of inspira-
tion, because VJs are specialized in working 
under dark (and difficult) light conditions. Its a 
similar environment as in the radiologists read-
ing room, in which the light is dimmed to enable 
a better viewing of the images. Also for VJing 
and radiology both the visual output is the most 
important.

Another source of inspiration was data visualiza-
tion and aesthetics. Here the aim is to visualize 
data in an attracting way and more importantly 
make the meaning behind the data easy under-
standable. If you think about radiology in this 
way, it’s less about viewing Xray images, but 
about making the (body)data understandable to 
the radiologist, physicians, surgeons, patients…

An interesting trend I see in multitouch interfaces 

is the lack of graphical user interfaces at all. If 
the interaction with the content is so natural and 
easy to understand, we might not need buttons, 
frames, sliders, icons, tools, mousepointers etc…

I wanted to create a clean interface that is not 
distracting from the images/data, but still enables 
an easy interaction. The interface also should 
support the reading of the data and the under-
standing of relationships between the different 
sources of data.

 

Graphic Design
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Throughout the whole project I was building 
simple prototypes to evaluate and test my ideas. 
These prototypes were mainly meant for myself 
to test out ideas and improve on them. Also they 
were great tools in communicating my ideas. 
However there is no final prototype that shows 
the whole scope of the final design combined.

On the following pages you will find descriptions 
of prototypes which were developed during the 
final design phase.

Main tools I used for prototyping:

reacTIVision is an open source, cross-platform com-
puter vision framework for the fast and robust tracking 
of fiducial markers attached onto physical objects, as 
well as for multi-touch finger tracking. 
http://reactivision.sourceforge.net/

vvvv is a toolkit for real time video synthesis. It 
uses a  visual programming interface. I used it for 
most of my prototypes. 
http://vvvv.org/tiki-index.php

OsiriX is a free DICOM viewer with amazing 
visualization and exporting features. I used it to 
create most of the visuals.
http://www.osirix-viewer.com/

Arduino is an open-source electronics prototyping 
platform I used for hardware-electronics proto-
typing.
http://www.arduino.cc/ 

Prototyping



ReacTIVision detects (finger)blobs and fidu-
cials. The data is send to a test application that 
visualizes the data.

IR light source and webcam installed in card-
board box. The box  is covered with a plexiglas 
surface (with transparent paper as diffuser)

The magnetic disk from an old floppy disk was 
put over the webcam lense to filter visible light, 
it lets only IR light through.

Plastic case was removed, so assembling in 
the prototype becomes easier.
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a video of this prototype can be viewed here:
http://vimeo.com/4371529

Disassemble a webcam to remove the InfraRed 
filter, because finger tracking is done with IR 
light. 

I decided not to build a full working multitouch-
screen-table because it would cost to much time 
and also I could not travel with it between my 
two work spaces in Eindhoven, the Netherlands 
and Umea, Sweden. But I needed something to 
evaluate and test my ideas, so I’ve built this very 
simple multitouch prototype. It has no projection, 
so it is a multitouch-trackpad and not a touch-
screen.

I used ReacTIvision for finger and fiducial detec-
tion. ReacTIvision sends the data via OSC and I 
can use vvvv or Flash to work with the data.

Multitouch Prototype #1
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3D tracking prototype #1
During the concept phase I experimented a lot 
with a 3D interface in which you manipulate a 
physical cube and a digital 3D model would 
behave the same on screen. It was really easy to 
rotate and view the model from different angles, 
but during my experimentations I realized that 
pointing at the 3D scan is a more important 
feature.

A color tracker is used to track the pens posi-
tion and rotation in space. Also I’ve implemented 
a 3D model of an actual CT scan. The pen has 
two different functions. You can point at the 3D 
model. And you can switch into a viewing mode 
in which the pen behaves like a camera.

a video of this prototype can be viewed here:
http://vimeo.com/4391940
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3D Print Prototype
I was thinking about printing out an actual scan 
of a deformed child’s skull in real size in 3D. Its 
part of my augmented 3D interface for radiolo-
gists to report and discuss their findings. In my 
early 3D interface prototypes I used Augmented 
Reality Tags to track a cube in 3D, the same 
technique could be applied to the 3D-print.

Unfortunately its still very expensive to print in 3D 
even though we students get special prices at 
Umea Institute of Design.

I generated the 3D model from an actual CT scan 
with the OsiriX software. But even though the 
skull is from a kid its still a big object for 3D print-
ing. I have got an estimate of more than 3 kg of 
material, which would result in a price of 10000 
sek (ca. 1000 euros). So I have tried to reduce 
the amount of material in different ways. Cutting 
the model in 3 parts was a great idea, because 
I am saving a lot of support material during the 
print. So I am down to 2000 sek.

Another problem occurred with the computer 
generated 3D surfaces. They are very complex 
and have a lot of polygons. This makes it difficult 
to prepare it for 3D printing. There were always 
some open contours in the models, which could 
result in an unknown outcome during the actual 
print.

Surface Normals (Polygon Orientation) Sliced model to save material

full model - cleaned up Surface mesh - polygons and points
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