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Executive Summary

Captains are responsible for the medical care of their crewmembers. To do this, they receive one
week of training every five years during which they study the knowledge and practice the skills
and processes to handle medical incidents on board. The week of training is not enough for the
captains to handle medical incidents confidently and they are in need of support.

Currently, the support for captains is limited to phone calls and email with a doctor from the
Radio Medical Services. MedAssist.online invented 2-way-AR technology, a unique method of
merging two realities into one using tablets and a green screen. The merging of two realities
creates the possibility to give instructions to the captain using hands as an overlay on the video.
The 2-way-AR video function is put at the centre of a service which is designed to match the
treatment journey and increase the number of interactions between a doctor and captain. A
service which uses live video with the addition of 2-way-AR technology has the potential to
become the telemedicine solution that boosts the confidence of the captains and their treatment
performance.

Boosting confidence is essential to help the captain be decisive in his actions. However, the
real value of 2-way-AR is in supporting the captain perform medical skills like stitching and
abdominal searches. This thesis researched the tablet positions and camera positions on both
sides of the communication. For the doctor set-ups for different tablet positions were designed
and tested to give him optimal control over his hands to give instructions. On the captain side, the
camera position and tablet position were explored, built and tested. The set-up is evaluated on
the understanding of the doctor of the captain’s situation, his ability to interpret and implement
the instructions and the flexibility of the set-up for multiple medical scenarios.

From testing various set-ups, it was concluded that an additional camera on the captain side
improves the ease of understanding for the doctor and his ability to give instructions. At the
same time, the captain can put the tablet in a position where he can easily switch between the
patient and tablet to implement the instructions, without the tablet obstructing his work area.

This thesis has focussed on the physical set-ups of the tablet, camera and green screen on the

captain and doctor side. The final test showed improvements in the new set-up design over the
old, but there is an opportunity to improve the communication between the doctor and captain.

Thesis Tom Slijkhuis 4436911 ¢ An exploratory research into the design of a medical product-service setup with 2-way augmented reality for the maritime sector



E MedAssist.online™
Vi et sy



Table of Contents

o1 Introduction 8
Part1 Literature Research

o2 Augmented Reality 14

o3 Telemedicine 19

o4 Telemaintenance 22

o5 2-way-AR 24
Part 2 Field Research

06 Context 28

o7 Doctor 30

1] Medical care scenario 32
Part 3 Design Challenge

o9 Customer Journey 38

10 Design Challenge 44
Part 4 Conceptualization

11 Testing with 2-way-AR 48

12 Captain 50

13 Doctor 54
Part5 Embodiment

14 Captain 62

15 Doctor 66

16 Application 70
Part 6 Evaluation

17 Final Test 74
Part?7 Conclusions

18 Recommendations 8o

19 Conclusion 82
Part 8 References

20 References 80
Part9 Appendices

Thesis Tom Slijkhuis 4436911 ¢ An exploratory research into the design of a medical product-service setup with 2-way augmented reality for the maritime sector



O1 Introduction

1.1 Context

The International Maritime Organization(IMO) is the United
Nations responsible agency that specialises in international
shipping and is: “ the global standard-setting authority
for the safety, security and environmental performance of
international shipping.”(IMO, n.d.). They set the regulatory
framework and make sure ship operators comply to create a
level playing field with high safety standards and minimal
environmental impact. One pillar of IMO is safety on board
of which a substantial partis medical care. With an estimated
1 647 500 seafarers covering international waters accidents
are inevitable(International Chamber of Shipping, n.d.). The
ILO(2006) set new standards for the care and protection of
the seafarers in The ILO Maritime Labour Convention. The
conventions proceedings stipulate that any internationally
travelling vessel fore more than three days, carrying more
than 100 persons, shall carry a qualified doctor(ILO, 2006).
This is hardly ever the case for commercial transport vessels
which carry cargo who are more likely to carry 25-30 crew
members. For these situations, the ILO(2006) states, there
should be at least one seafarer on board who is responsible
for the medical care. If this seafarer is not a medical doctor
certified training is required. The IMO specifies the medical
training in the International Convention on Standards of
Training, Certification and Watchkeeping(STCW). In the
latest guidelines based on the 2010 Manila amendments, the
IMO specifies that officers (captains & first mates) require
Medical first aid and Medical Care training once every five
years(Sekimizo, 2010).

The captain is responsible for his crew and has the
authorisation to provide medical care to his crew. At the
same time, the captain is responsible for the schedule, safety
and compliance with protocols(Study, n.d.). During the
training, the officers learn the protocol to handle any medical
scenario, learn to identify symptoms and to communicate
with the radio medical services. On top of this, they learn
basic medical skills like stitching, setting an IV and taking
care of burn wounds to prepare them for these scenarios on

board.

The training is a basic medical training and in total the
two parts only last one week. The short length of the
training means the training can only cover a selection of
symptoms and skills and the captains get limited practice
with potential scenarios. The limited training with the low
repetition, once every five years, makes that the officers can
struggle with remembering and applying the training. In
line with the ILO(2006), they will have a medicine chest on
board and the medical guide to support them. On top of the
medical guide, every country has a Radio Medical Service.
In the Netherlands, the Koninklijke Nederlandse Redding

Maatschappij(KNRM) operates this service, which translates
into Royal Dutch Rescue Company(KNRM, n.d.a.). They are
responsible for the safety and health of people on the Dutch
coast or vessels in Dutch waters(KNRM, n.d.b). The Radio
Medical Service is one part of their support and is built on
a pool of general practitioners who are available 24/7 for
urgent medical support via the phone and via email for
advice(KNRM, n.d.a).

1.2 Company

MedAssist.online initiated this project and the collaboration
with the University of Technology in Delft. MedAssist.online
is the digital section of the sister company ECMT. ECMT is a
medical training centre that trains captains and first mates
on Medical first aid and Medical care in line with the STCW
regulations. After the training, the trainees receive a copy of
a Medical Guide co-authored by Md. W. Boon, the founder
of ECMT. Though getting positive responses on the training
and the book, the captains did express their insecurities
with medical care on board and requesting another
solution. Based on this request they started to develop the
Skills App(Figure 2), which has the 19 most common skills
required on board explained in a video, step by step pictures
and additional information like the required tools. The skills
app is a more interactive solution which allows for real-time
learning during medical procedures on board.

With the skills app, MedAssist.online entered the PortXI
accelerator program for start-ups in the maritime industry.
From the program, MedAssist.online was able to sharpen
its value proposition and decide on the subscription-based
sales model and decide on the sales channels. They were able
to sign letters of intent for pilots and have since been able to
convert these into sales with some large Dutch shipowners
like Boskalis, Van Oord and Spliethoff. Next, to the skills
app, they also sell a diagnostics tool, the heart app(figure
1). Where the app helps with confidence and accuracy in
the treatment, the HeartApp is a diagnostics tool which can
make a hospital quality 12-lead ECG. The hospital quality
ECG allows for a cardiologist to make a proper diagnosis.
MedAssist.online has made it their mission to provide the
best medical care anywhere. Anywhere refers to a broad
range of locations like the arctic regions, deserts or on
mountains where there is no access to proper medical care.
With their involvement in the maritime sector, they say
the opportunity here first and are focussed to first built a
market in this industry.
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Figure 1: Heart app by MedAssist.Online

“Every crewmember
e cfeserves the best

o, ]
Figure 2: Skills app by MedAssist online
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1.3 Assignment

The skills app has received much positive response from
the Captain and seafarers who now have this application on
board their vessel. One of the strengths of the application is
that it works offline much like the book. Making the Skills
App an offline product was a conscious decision to make
sure the application can be accessed at all times and is not
dependent on the unstable satellite internet connections.
However, with the global digitisation that is currently
taking place, there is more opportunity for more interactive
solution potentially also using the internet. In the medical
industry, a rapidly increasing application of technology
is telemedicine which is an eHealth solution which means
“healing at a distance”(World Health Organization, 2010).
Another development is the use of Augmented and Virtual
Reality and Walther Boon saw an opportunity for this in
telemedicine and came up with the innovation of 2-way-AR
as visualised in figure 4.

The project goal at the start of the project was to develop
a low-cost product-service combination, using 2-way AR,
which closes the experience gap between a remote doctor
and a doctor standing live next to you when treating a
patient with the use of 2-way-AR MedAssist.Online wants to
add action to the treatment process by allowing a doctor to
support the captain in his skills.

Define

Analysis Define

Desktop research
Augmented Reality
Telemedicine
Telemaintenance
2-way-AR

Field Research
Interview Doctor ECMT P

Customer journey
Design challenge

Concept Development
Test with 2-way-Ar with injection
Test with the camera position captain
Conceptualization Doctor set-up

Test tablet position Doctor
Develop App flow

1.4 Approach to project

For this project, a classic double diamond approach applies.
In figure 3 the four parts to the diamonds are presented with
the activities that are undergone in each of the phases. The
analysis phase consists out of two parts. On the one hand,
desktop research gives input on telemedicine solutions, and
on the other side, the context is explored through interviews
and observations. Context analysis and desktop research are
combined in test working with the technology to help define
the design challenge. From the design challenge, onwards
more tests are performed to gain a better understanding of
the challenges and the parts to the system. In the concept
phase, the parameters of the systems are defined and tested.
The results are used as input in the embodiment phase in
which the designs are defined in more detail, prototyped
and tested to create a set of recommendations for further
development.

Embodiment

Define and build captain set-up
Define and build doctor set-up
Test with final set-up

Road map for app functions

Concept Embodiment

Interview doctor RMS
Small test with 2-way-AR
2 and observe in training
nario analysis of medical

treatment process

Figure 3: Approcah to project
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Figure 4: 2-way-AR principal visualised
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07 Augmented
Reality

2.1 Whatis AR?

Augmented reality superimposes computer-generated
information or objects onto the real world(Azuma, 1997;
Azuma, Baillot, Behringer, Feiner, Julier, Maclntyre, 2001;
Chi, Kang, Want, 2013). This is the basic definition of
augmented reality which is similar to the definition in
the dictionary: “an enhanced image or environment as
viewed on screen or other display, produced by overlaying
computer-generated images, sounds, or other data on a real-
world environment.”(Dictionary, n.d.). The information
or images are context sensitive and mix with reality thus
complementing reality rather than replacing it(Azuma,
1997; Chi et al., 2013). The overlaying or superimposing
of computer-generated images is considered to be AR,
however, in the general literature, it is more common to take
a more specific definition of AR. Azuma et al. (2001) define
three properties AR has 1. AR combines real and virtual
environment in the real world, 2: it is interactive and works
in real time, 3: AR register real objects and aligns virtual
objects with them.

The contrast with the more generic definition of AR is the
need for the virtual objects to register and align real world
and digital objects so that they interact with the real world.
A good example of AR which fits with the generic definition
is Pokemon GO(Figure 7) which show Pokemon in a filmed
view. Now there are explorations of Pokemon GO where
the app recognises the environment and the Pokemon runs
around the table(Figure 6) which fits more with the academic
definition.

2.2 History AR

According to Bilinghurst, Clark and Lee(2015) people have
been using mirrors and lensed to create virtual images in
the real world. Ivan Sutherland developed the first known
real development of interactive AR with a head-mounted
display, tracking system and graphics generator(Bilinghurst
et al., 2015). Another excellent example of an early AR
development is the fighter pilot helmet first researched by
Furness(1986). The research focussed on controlling the
information stream to the fighter pilot by using the cognitive
abilities without overloading them.

With the evolution of technology and digitisation of the
world the computing power is increasing while the size of
hardware is decreasing, these developments have propelled
the research into AR and are increasing its widespread
application. In figure 5 a timeline of the developments in AR
is presented with some of the breakthroughs in AR. Based on

the four phases identified by Bilinghurst et al. (2015) and a
summary image by Augment.com(n.d.) aided with examples
from more desktop research.

The first phase Bilinghurst et al. (2015) defined the pre
80’s like the phase where the first experiments took place
which in the future would define AR. In Figure X this means
having the first AR installation with a heads-up display
by Sutherland in 1964 and later by Myron Krueger in 1974
who used projectors to immerse the user in an interactive
environment. (HuffingtonPost, n.d.).

After the ’80s, it was not until the mid-90’s that AR moved
from experimental installations research, also in the
enabling technologies like tracking and display and input
devices(Bilinghurst et al. (2015)). One of the first and well-
known developments in this time is the fighter pilot display,
first researched in 1986 by FURSTENHORST(1986) with the
first iterations of a head-mounted display and iterations of
what the digital environment could be. Later developments
of this research were even used to help NASA visualise and
land space shuttles. This is also the phase in which Caudel
and Mizell(1992) are credited with the introduction of
“Augmented Reality”. Sutherlands(1964) initial research
focussed on improving man-machine communication from
a line based on imaging and movement based, this was not
initially about introducing a new interaction with the world.
As mentioned it is in the mid-1990s that the research into
enabling technologies is takin off.

1968 1964 1986
Fighter pilots

SLIH'AE['[CH’J.C{ Krueger

1980
Figure 5: History of AR
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Figure 6: New AR functionality pokemon go(Melnick, 2018) Figure 7: Pokemon GO

The development of these enabling technologies is what pushes the development
of the next phase(mid-1990’s -2007), where AR enabling technologies are used to
interactions and usability of AR(Bilinghurst et al. (2015). The push into interactions
and usability is aided for example by the development of the ARToolkit, which was
the first to make marker detection available as development for developers as an
easy tool to develop AR applications. The AR-Toolkit was the first ‘cheap’ and small
method for the tracking of real-world objects and relate these objects to the point of
view(the camera). The wide availability of this toolkit, and more paved the way for
the commercial application of the AR.

It is for this reason that the third phase ended so exact in 2007; it is in this year that
the general public got to experience the applications of AR. TV programs start using
the yellow lines on sports fields like in swimming and American football to show
previous times and the first down the line. The other mainstream application was
the introduction of the game Eye of Judgement on the ps3. This game used a camera
to recognise playing cards and display an animation on TV above the playing card.
From gaming, it went on to 2009 when print media, the magazine Esquire, used AR
to bring life to its cover. From there on the applications have grown exponentially.
The widespread exposure of AR is recognised by Bilinghurst et al. (2015) as the fourth

Phase |V: Commercial applications

|
1990 2000 2010
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phase in which a wide spread of commercial applications
is starting to develop. In the present time of writing this
article, we now have the google glass and Pokémon Go
which has exploded the mainstream familiarity with AR
and boosted the investments to 2.3 billion USD in AR/VR
2016(DigiCapital, 2017).

23ARVvs.VR

Virtual Reality seems to be the better known big brother of
augmented reality. The number of examples and level of
understanding seems to be much higher with the general
population. Potentially because VR is more immersive and
thus triggers the imagination of people and there have been
many examples in gaming. AR seen on TV is potentially
not questioned so much what it is or does because the first
applications integrate reasonably seamlessly with reality.
There are many articles on the internet explaining the
difference between the two, which adds to the suggestion
that people are familiar with one of the two or both but
cannot see the differences.

Though AR and VR are often compared to explain and
understand the similarities the two could almost not
be further apart. This becomes clear when considering
the “Virtuality Continuum” introduced by Milgram and
Kishino(1994) visualized in figure 8. Augmented Reality is
all the way on the left of the spectrum because it maintains
full connection with reality while superimposing a digital
imagery, related to the real world, over the real world to
enhance the usual perception. The addition of adding virtual
information is just one step from actual reality. While
virtual reality loses, visually at least, all connection with the
real world and presents an entirely simulated environment
disconnected from the real world view(Asschenbrenner et
al., 2016), on the continuum the two can hardly be further
apart, it is important to realise that VR is an entirely
artificial construct(Asschenbrenner et al., 2016). Based on
the definition AR and VR are very far apart, but in practice,
there are cases when they grow closer together as we will
later see.

Similarities

Firstly AR and VR both make use of similar technologies
like HMD’s and display technologies and feature similar
software(The Awe, 2017; Chavan,2018). Secondly, both
are used to create an enriched and new user experience
especially focussed on a change in visual information.
Lastly, both innovations are often used interchangeably
due to the developments and potential in similar markets
like gaming, medical and army. AR and VR have both been
massive in gaming due to the experience enhancing abilities.
At the same time both are used for education purposes,
process improvement and medical scenarios(The Awe, 2017;
Chavan,2018).

Differences

The first difference, as mentioned before, is the use of reality
in AR and the creation of a new reality in VR. VR is almost
solely with HMD’s which isolate the eyes from any real
environment input and only leave the artificial environment
often with tools to control the new environment(The
Awe, 2017). AR requires a camera to get input from the
surrounding environment to be able to link the digital
enhanced information to the reality of the user, for VR this
is not a requirement it just needs a display screen(Chavan,
2018). For VR the display screen is almost solely in HMD’s
while AR has the freedom to use a much wider range of
devices.

2.4 Types of AR

For AR there are three basic methods to present AR; Video
see-through, optical see through and projective(Krevelen &
Poelman, 2010).

Video see through

Video see-through is the cheapest and easiest to implement
of all AR types. It is the type which is closest to the virtual
reality because the real environment is filmed, presented
with as a video feed with the AR as an overlay in the digitised
images(Krevelen & Poelman, 2010). A well-known example
of video see-through AR is Pokémon GO(Figure 7). The use
of one device which has filming and display capabilities to
capture the real world and add images to this.

An advantage of video see-through AR, apart from being
the cheapest method of AR and easy to implement, video
see-through allows for the simple mediation of objects
from reality because a digital representation of reality
is given(Krevelen & Poelman, 2010). Filming reality and
digitising this and adding AR to it also allows for the reality
and the AR to blend in smoothly by matching brightness and
contrast(Krevelen & Poelman, 2010).

Real environment

Figure 8: Virtuality Continuum based on Milgram & kioshino(1994)
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Filming and digitising the real world also has disadvantages since it reduces
the resolution of reality and can, depending on the hardware and connectivity,
delay the display of reality(Krevelen & Poelman, 2010). The combination of
the camera and use of a display limit the field of view while at the same time
creating a discrepancy between the perceived reality by the eyes and displayed
on the interface(Krevelen & Poelman, 2010).

Optical see through

Rather than displaying a filmed version of reality, optical see-through AR leaves
the real world intact and displays only an AR overlay using transparent mirrors
and lenses. An excellent example of this technology enabling this method of AR
is the HoloLens. An example of an application on the HoloLens as displayed in
Figure 9 is an excellent example of optical see-through AR.

Optical see-through AR has some significant advantages over video see-
through AR. With optical see-through AR, the resolution of the real world is left
intact, and there is no parallax between the eyes and camera or screen(Krevelen
& Poelman, 2010). An added advantage of the transparent lenses and mirror is
that it never will obstruct reality even if the power fails.

Because the real world is left intact but overlaid with holographic images,
it is hard to exclude real-world objects from the view while at the same
time the overlay can reduce the brightness and contrast of the real world
perception(Krevelen & Poelman, 2010). Also for optical see-through, only a
limited field of view can be achieved, and there is a need for additional input
devices(Krevelen & Poelman, 2010).

Mixed Reality

nted Reality Augmented Virtuality Virtual Environment
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Projective

The last type of AR is projective AR which, rather than sub
imposing images digitally as if they are connected to the
real world, actually projects imaging on the real world
environment.

Using real-world objects and project on them makes it
comfortable to look at and allows for a full field of view by
covering large surfaces with the projections(Krevelen &
Poelman, 2010).

Unfortunately implementing projective AR has only limited
use cases. This type requires a projector for the AR and a
camera to perceive the environment, and it needs to be
used indoors because of the need for high brightness of the

projection to be able to achieve enough contrast(Krevelen &
Poelman, 2010). At the same time it is almost impossible to
exclude objects from the environment since these act as the
canvas, and if there is anything in the way of the projection,
this will influence the AR experience.

In the figure below there is a great interactive example of
the ability of projective AR. Moving the sand in the sandbox
triggers the software to draw contour lines much like on a
map(figure 10). By obstructing the projection as shown in
the figure the user can make it rain. So obstruction of the
projection can also be an interactive opportunity. Another
challenge with projective AR is the recalibrating of the
projection if the objects or position of the projector changes.
For the sandbox, the ‘eyes’ of the system and projector have

a fixed distance from the sand.

Figure 10: Ar Sandbox (.“AR Sandbox”, n.d.)
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05 Telemedecine

3.1 What s telemedicine?

Telemedicine is defined as “Telemedicine (also referred to
as “telehealth” or “e-health”) allows health care professionals
to evaluate, diagnose and treat patients in remote
locations using telecommunications technology.”(AMD
Globalmedicine, n.d.). Craig & Petterson(2005) give a less
functional definition and define it as “...the delivery of health
care and the exchange of health health-care information
across distances.”(Craig & Petterson, 2005, p2). The authors
continue by explaining that telemedicine can be classified
on two parameters. The first being the type of interaction
between the client and expert, is it live or pre-recorded and
the second the type of information that is being shared, is it
text audio or video.

Craig and Peterson(2005) stress heavily the notion that
telemedicine is not some sort of new technology or branch
of medicine which will solve all medical challenges. It can be
avaluable addition to current medicine activities.

Though hard to pinpoint, the advancement of telemedicine
started when telecommunications evolved. Craig and
Peterson(2005) mention the first examples are casualty
reports being communicated in the second world war. But
the real advancements have been taking place of the last
20-30 years in parallel with the increasing availability of
telecommunication and the internet is has become more
common.

3.2 This thesis

Reviewing the definitions from AMD Globalmedicine(n.d.)
and Craig and Petterson(2005), it can be concluded that
this project can be considered as a ehealth or telemedicine
solution. Using the internet to share video and audio data
with healthcare information to diagnose and treat patients.
The only addition is the Captain who takes on the role of a
medical actor and communicates with the medical expert.

3.3 Advancement telemedicine

In a systematic review of telemedicine in the early 2000’s
Hailey, Roine & Ohinmaa(2002) identify that the effect
of telemedicine was showing some value in medical
consultations, teleradiology and telemental health. At this
point, the authors do point out these results are mainly from
pilots and short-term outcomes. Craig and Peterson(2005)
identify cost savings as one of the potential benefits of
telemedicine. Unfortunately, the cost savings have not
yet been proven. There have been reports proving that
alternatives for face-to-face consultations with patients are

feasible, but the potential economic and medical benefits
are not yet conclusive(Currell, Urquhard, Wainwright &
lewis, 2000). In 2010 the lack of proof of long-term positive
effects of telemedicine was motivation for Ekland, Bowes
and Flottorp(2010) to do a large scale systematic review of
systematic reviews which reviewed telemedicine literature.
Within the review, the authors found 21 studies which
conclude that telemedicine is effective.

Technological developments are integrated for improvement
of care, but the bottom line remains that they have to be cost-
effective and preferably cost beneficial to be implemented.
With telemedicine, the cost-effectiveness has not yet been
proven(Whitten, Mair, Haycox, May, Williams, & Hellmich,
2002). This is an older study(2002), but it does show that
there are challenges to be overcome — the MedAssist.Online
service will have to have a strong business case behind it —
the advantage with the market focus of MedAssist.Online
is that it is extremely remote and not replacing a face-to-
face interaction but upgrading a minimal telemedicine
solution with the RMS. Medical outcomes and quality of life
are always hard parameters to quantify in money, but in an
extreme situation, an evacuation or rerouting of the ship
could be prevented saving 10 000’s of euros.

Globalmedicine(n.d.) does not refer to the economic benefits
of telemedicine directly but focusses more on the remote
care opportunities. The lack of needing a physical location or
bringing care to people who are not near enough to medical
care. This focus is more in line with the benefits this project
is trying to capitalise on. Of course, there is always a business
case to be considered, and up to now, many solutions try
to improve the current business case by replacing face-to-
face care. There is a huge opportunity with telemedicine to
provide care to those who have no access.

Telemedicine in the papers reviewed above is stooled on
sharing information digitally between experts, remote
monitoring, and digital consults with patients and other
medical interventions(Ekland etal., 2002). The interesting
discrepancy with the service that is being researched and
developed within this project is that the communication is
between a medical expert and a semi-trained medical actor,
the patient is the object of conversation. This discrepancy
makes for a much strong parallel with telemaintenance as
will be explored in the next chapter.

3.4 Competitors Telemedicine

Telemedicine is not a new development ever since the
development of telecommunications there have been
developments in telemedicine. Over the last two decades, the
developments have picked up with the further enhancement
of telecommunications and technology. The development of
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telecommunication has given rise to telemedicine services,
some maritime specific, which are competitors of the 2-way-
AR service.

There are many solutions available which allow the patient
to call a doctor and have a live, video conferencing consult.
Especially in the US their many solutions from tech start-
ups and established healthcare providers and hospitals.
Examples of these services are Chiron Health(2018), Dr
on Demand(2018) and SatMed(2018). In essence, they all
provide a similar solution allowing to book an appointment
or request a direct consult; the service is backed by a group
of doctors who will accept the appointment or call back.
Through the live video conference, they can make a diagnosis
and give, limited, advice about medication. There are some
differentiating features or market focusses. For example,
iDoc(2018) is specialised in advising on skin conditions by
reviewing photos. Another great application, which is not
just about live consultation, is Babylon which uses Al to
review a health check or symptoms and gives information
and advice for a video consults based on Al

The telemedicine solutions described above are of course
for remote care in the sense that the doctor and patient are
not in the same room. However, they might be in the same
country, state or even city. They are not exclusively built on
remote care for hard to reach location like for example the
artic or sea. For this industry, there is a whole other group
of competitors. These competitors, rather than providing
just the digital platform, they have a whole kit with all the
hardware required to help with the medical consult.

The first service with kit is DigiGone’s five plus telemedicine
kit which can be found in figure 11 with all the hardware
inside(Digigone, n.d.). Digigone’s kit is designed to support
multiple scenarios from emergency care which requires real
time communication to home health care visits to monitor
a patient’s progress(DigiGone, n.d.). It has multi-party video
calling capabilities and encrypts all live data which is also
shown live on screen during the call.

VSee’s telemedicine kit is less elaborate, and they also
claim to be the easiest telemedicine kit for remote
consultations(VSee, n.d.). As can be seen in figure 12 the
kit is considerably smaller with less hardware. The kit can
be found on Shell’s oil platforms of the coast of Nigeria and
Alaska.

The elaborate kits give a lot of opportunities for better
diagnosing, much like the HeartApp by MedAssist.Online.
It does raise the question if these kits need to be operated
by a experienced medical professional. The kits allow for
a lot of data collection and use a tablet or laptop to set up
the live video connection. The kits do not seem to provide
any support in the actions of the treating professional, it is
all about diagnosing and communicating, this is where the
2-way-AR service can setitself apart. The other differentiator
is the lower cost at which the service over tablet can be sold
due to the lack of need for hardware.

3.5 Why is 2-way-AR a valuable
opportunity to apply in telemedicine?

Looking at the 2-way-AR service the value of adding this
service is firstly providing remote care. The remote care
is now provided by phone, with this service there is the
opportunity to communicate live video and audio. The
live video and audio give the opportunity for the doctor to
create a better diagnosis and give more accurate advice to
the captain. Up to this point, the service is like any other
telemedicine which offers video conferencing. The addition
is the 2-way-AR functionality which gives the opportunity
for the expert to give better instructions and through this
improve the care.
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Figure 11: Digigone telemedecine kit(Digigone, n.d.)

Figure 12: VSee telemedicine kit(VSee, n.d.)

Components

The Five Plus includes-

- 10” Windows Tablet

« Bluetooth Thermometer

« Bluetooth Pulse Oximeter

« Bluetooth Blood Pressure Monitor

« Bluetooth Blood Glucose Meter

« Bluetooth Single Lead ECG

« Bluetooth Keyboard

« USB Macro Camera

« Hands Free Speakerphone

- USB Ethernet Adapter

« 3x USB ports

« Multiple Power Input (110/220VAC/12VDC)
« Built-in Wi-Fi g/n

. Crosslink insert with water resistant case
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04 Telemaintenance

4.1 What is telemaintenance?

Telemaintenance does not have a definition in the dictionary, and there is no generally accepted
definition. Sanchez, Fernandez, Vena, Carpio & Castro(2011) have used the a definition
which:”...includes all the maintenance actions based on the capabilities of remote supervision
and activation of given equipment in an industrial environment.” for their paper on remotely
controlling equipment (Sanchez et al., 2011, p1). This thesis is more focussed on the remote
support of technicians by an expert with AR like Masoni, Ferrise, Bordegoni, Gattullo, Uva,
Fiorentino & Di Donato(2017) do in their research. Masoni et al. (2017) do not use the term
telemedicine but rather remote support which is possible because of the rise if industry 4.0. The
industry 4.0 is the digitalisation of the industry and increased use of cloud-based solutions and
internet communication. For industry applications,, remote supervision and control does not
have to refer to a person but can also be a machine. The key is that it is remote.

4.2 ‘Tele’ in telemaintenance

Webel, Bockholt, Engelke, Gavish, Olbrich, & Preusche(2013) identify that experienced service
technicians are a vital asset in a company’s daily operations and production. The authors identify
that experienced technicians knowledge is hardly ever documented and is concentrated in a
small group of technicians. To create cost savings companies can document the knowledge in
text, images and video and share them with the rest of the technicians. However, as Webel et
al.(2013) identify, that the use of text and videos has its limitations at it only allows to capture

Remove plug

Figure 13: Telemaintenance training solution(Masoni et al.(2017)
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Figure 14: Telemaintenance conferenccing with remote expert(Masoni et al.(2017)

set scenarios and with that it is hard to capture the accumulated knowledge of the expert to
deal with a wide range of situations. Webel et al. (2013) propose a solution to this limitation
by combining the strength of pre-recorded AR maintenance scenarios and the opportunity to
receive live support. There are four steps to the system: 1. Capturing, rendering, the rendering
is the showing of a 3d animation which is superimposed on the live feed(Figure 13). If a problem
occurs he can set-up a live connection and the trainer receives the live feed and can reproduce
the training set-up and problems and adapt the training protocol or add information with
drawings(Figure 14). Having a remote expert who can be consulted when in need is similar to
what Masoni et al.(2017) suggest so that one expert can support multiple less skilled actors.

Kleiber & Alexander(2011) make an interesting claim that a typical telemaintenance session
has two parts: a problem analysis and problem solving. In training set up as seen in Webel et
al.(2013) there is a limited need for collaboration. Kleiber & Alexander(2011) assume that expert
support will increase the performance of the technician. The authors, do, however, identify the
limitations to the interactivity of teleoperations which could negatively affect the performance.

4.3 Similarities telemedicine

The opportunity for AR in industry settings have been identified since the birth of AR(Azumi,
2000). Research described above are examples of the value of AR in as a learning tool and as
remote support tool where an expert can be consulted and influence the AR experience.

In telemaintenance there is similar to the context in this project there is a trained non-expert
handling a situation with the support of a remote expert. There is one important difference,
the subject of focus in the context of this project is a patient rather than a machine for example.
Overall it can be argued that telemedicine and telemaintenance using AR are similar use cases.

MedAssist.online has taken the first step in making expert knowledge available with the skills
app. According to Webe et al. (2013), this is the first step to cost reductions. The limitation is
the static nature of the instructions which can only show specific scenarios. With the 2-way-AR
application, MedAssist.online is making the step from an eHealth solution to a telemedicine
solution.
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05 2-way-AR

2-way-AR is an invention by Walther Boon and is currently in the process of being patented.
With AR, since it is on the left side of the Millgram spectrum, there is always a strong connection
with the reality the user is in. It is never fully immersive like VR, but the reality is augmented
with additional information or imagery.

Some of the examples directly put information in front of reality like heads-up displays in cars or
the google glass. Sometimes this is context specific, or just information like the google glass does.
This can be automatic if the device can recognise the surroundings and adapt the information is
shown to this, and sometimes it needs input.

A growing development is the use of augmented reality in telemaintenance, where a remote
expert can add information to the view of the less trained person who is on location. This is often
done by drawing on a tablet or computer to give instructions with arrows and signs.

Two-way-AR is different as it combines two realities into one new. This is schematically
visualized in Figure X. There are two locations, in this case with tablets(Device A and B in figure
15), and both are filming a reality. These two realities are both parts of the new augmented reality
which is then presented at both locations. The combining of two realities into the third creates
a new, digital, shared reality. This is different from current applications of Augmented reality.
Current AR application as seen in the telemaintenance industry use one reality to which they
add images on.

In the current set-up, there is a rather old method used to control one of two realities, and this is
green screen technology. Using a green screen in combination with software code to eliminate
the green areas allows for one of two locations’ reality to be controlled. If not, the merged view
would only be the superimposed view since both realities are used 100%. In Figure X, there is a
more graphical representation of the 2-way-AR process in the context of this project. The hands
are cut out of the reality on one side and superimposed on the other reality to create a new
augmented digital shared reality for both sides.

The benefit of this way of using AR is that that it is possible to use objects and hands to

communicate between the two locations. Rather than having arrows and drawings, which can
only point and clarify, the expert now has the opportunity to show what to do rather than suggest.
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Figure 15: Scematic representation of 2-way-AR technology
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06 Context

You are the captain on board of a ship ‘ Imagine you are a
1000 miles out’ you are responsible for the care of your
crew, and there has been an incident on board. This is the
introduction to pitch used by MedAssist.Online to help the
listener understand the situation of the captain. Under the
new regulations of the STCW as a captain you have had one
week of medical training. The training took place more than
two years ago and one of your crewmembers, who is more
often than not a close colleague or even friend, has just cut
himself badly in his leg with an angle grinder. The cut is
roughly 8 cm long with rough edges and is bleeding heavily;
it is now up to you to make sure he is treated the best way
possible.

The limitations of the situation are that it is on a ship, far out
at sea. The boat could be rolling around; the patient could
be in a hard to reach spot or even in a dangerous situation.
These could all be adding stress and pressure to the situation.
At the same time contact with the mainland is limited with
satellite internet and phone which can be heavily influenced
by weather conditions.

The captain of the ship is responsible for the medical care
of his crew on the ship. Both the captain and first mate
should have the required level of training to be able to
provide medical care on board. To take care of an injured
or ill crewmember, they are required to follow one week of
training per five years during which they learn the skills
to stabilise the patient, measure and analyse the patient,
communicate with the RMS and to perform the skills to take
care. As one can imagine the captains and first mates do not
always feel adequately trained to deal with the wide variety
of medical scenarios, the come across and are looking for
support. At the same time, the safety and well being of his
crew is not the captains only responsibility. This was already
touched upon in the introduction, but the captain also has
responsibilities towards the ship owner about keeping to his
schedule and staying cost efficient.

The shipowner is the company who owns and exploits the
ship. They are the authority the captain answers to, and they
have the responsibility to make sure the captains and first
mates have the right support to provide the best medical
care. The support consists of training and the required tools
and medicine on board but can go beyond with additional
tools and for example telemedicine solutions.

In the current regulations they have to aim to achieve the
same level of care at sea as on land, but since this has not
been specified in detailed requirements, it is up to the
shipowner to implement what he deems relevant. Because
the primary interest of the shipowner is to keep costs low

and make a profit it can be the case the only want to meet the
minimum set of requirements.

Their interest is to have the shortest transport times so they
can take new assignments and have no loss of customer
satisfaction nor do they want to incur extra costs from the
delays. For this they need a healthy and injury free crew who
can keep working and not need to be evacuated or dropped
off at the closest harbour. Any delays from injury which
require re-routing can cost up to 180 000 euros per day.
Safety of crew is a key component in ship management and
should always trump costs. Unfortunately the cost pressure
does push the safety considerations back. In the interview
with the RMS doctor(Appendix C) he told an anecdote
where he advised evacuation of the patient. The ship, at
that moment, was close to the Algerian border which is not
the best place to go on land, was advised to head north and
evacuate there. Later the doctor found out the ship continued
its journey and the patient was taken off five days later. Time
pressure on board of the ships is very high.

The medical specialist receives the incoming call from the
captain, much like the current situation with the RMS.
Usually, the RMS interprets the information to provide
through the phone by the captain. He uses the information
to ask more specific questions and maybe have the captain
get more data on the patient. He uses this information to
form a diagnosis and advice the captain on the next steps of
care. The main interest of the medical specialist is twofold,
first to get the best quality of info on the patient to form the
most accurate diagnosis and second to give support to the
captain to take the necessary actions.

The captain is the manager of the ship with multiple
responsibilities ranging from adhering to the schedule,
communicating with the owner, making contact with
harbours as well as medical care and safety on board. The
availability of captains throughout the year at the training
centre gave the opportunity to engage with them and
observe them during training.
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Rresults interviews

The first questionnaires(Appendix A) with the captains did not yield the expected results as the captains were
fairly closed in their answers. It was also the case that not all of them were often in touch with medical incidents
because they work on ferries, but do need the training. The results in (Appendix A) were so minor a new approach
had to be taken. The limited response was not entirely unexpected as colleagues also mentioned this as the
dominant culture on board. One of the captains experienced one of his crew being in a heart attack; it did not
phase him at all, he pointed out they gave him a pill and that was it.

To get more out of the captains, they were made part of an experiment so that they were in a more active and
talkative. Having them perform some actions to make them more engaged worked on one of the two participants,
the othernot so much. Captain B(Appendix A) was very confident in his skill and would only value the confirmation
of a live connection. Captain A came with an insightful anecdote, after first saying he only experienced minor
incidents, he explained he once misjudged a heart attack and the woman past away in the night which is of
course very serious and proves the challenges these captains and first mates in remembering and applying their
training. He also had a crewmember with a cut in her foot from a piece of glass. He got so nervous and did not
remember how to stitch. When he practised the crewmember said, “you are definitely not touching my foot”. So,
they bandaged it and got her to land the next day. He experienced also pressure from the people on board who
all expected he knew what to do. He claims it was ‘ spanned’ nerve-wracking in English, “You do not remember
everything or all skill. It is tough to know if you are doing it right”.

First small test with AR

A small test was performed with the AR app, to see the functional performance of the app was an opportunity
to get a captain’s thoughts on the value(Appendix D). The results of the test immediately go into the direction of
the feeling of support. The captain felt it could take away insecurities and the voice has a calming effect. He even
suggested adding the face of the doctor to the communication to add even more of a positive feeling(Appendix D).

First needs

The doctor working at the training centre pointed out in his interview that the primary value of the RMS is
the feeling of sharing responsibility(Appendix B). This was also a result from the first small test with AR where
the captains immediately point out the most significant value are the communication and confirmation. This
confirmation can help with the support of skills, this was pointed out by the trainer but also clear from the
anecdote of the captain who felt very uncomfortable and was unable to perform. They need support so they can
feel confident and actionable.

- Sharing responsibility (doctors say this)

- Support in skills with confirmation (tips and coaching Jeroen says)

- Feeling of support
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O/ Doctor

Part of the training for the captains is a day on the wide
variety of symptoms they might come across. This part of the
training is always done by a medical doctor, while a medical
professional like a nurse usually performs the rest of the
training. One of the doctors was interviewed to get the first
understanding of the doctor’s needs(Appendix B). Though
a well trained professional working often in the maritime
context this doctor has no experience being a Radio Medical
Service doctor, To compensate for this lack of experience a
Radio Medical Service doctor was also interviewed to get
better insights into his specific needs and experiences with
remote care in the maritime sector(Appendix C).

Dr. van der Leer explained that the RMS doctors are general
practitioners who do this as a side task parallel to their
jobs. They rotate with five doctors, meaning they roughly
fulfil one week of shift per 5 weeks. During these, they are
available 24/7 and for this always carry a beeper and iPad.
Per week they roughly take care of 12-20 cases of Dutch ships
in international waters or any vessels near the Dutch coast.
At the moment much of the communication with captains
takes place via Email, and he sometimes wonders why they
even call. A phone call is a significant intrusion on his work.
There are priority levels to the requested support, but he
says he hardly looks at them and calls as soon as possible.
When there is a need for an evacuation, he drops everything.
About service

The responsibility and role of the RMS doctor are forming a
probability diagnosis according to the dr. Van der Leer and
medical support in general. Sometimes there is no need for
a diagnosis if it is just a question, ill or people do need a
diagnosis and plan for treatment. He clearly states that it is
not his responsibility if the treatment is followed up.

There was one case where he advised to evacuate the patient.
However, this was around the coast of Algeria, so he advised
going north and arrange evacuation as soon as possible.
In the end, the patient was taken off five days later in the
Adriatic sea. It probably did not work for the ship.

As a RMS doctor, Dr. Van Der Leer does not have direct
contact with the patient because he is not the responsible
caretaker of the patient: “The first mate is the spokesperson,
and I am a supporter of him, not a direct caretaker of the
patient”. Though there has been a recent ruling that there is
‘treatment relation’.

The doctor from ECMT pointed out that the most significant
value of the RMS is the ability for the captain to share the
responsibility. He says they learn a small number of endless
scenarios, so they are most likely out of their depth and in
need of support. The RMS service doctor believes the most
significant value is more functional with the addition of

knowledge and experience with similar cases.

Challenges

The ECMT doctor, with no plenty of emergency room
experience but no RMS experience, feels that the pressure
on the doctor is very high to make a proper diagnosis. His
main concerns were faulty measurements from the captain
or measurements which were taken with tunnel vision where
the captain already had a diagnosis in mind. The RMS doctor
did not seem to feel so much pressure as the ECMT doctor
suggests. For the part, because he states, he does not feel
worried how treatment goes. He keeps his responsibilities
small, which is creating a probability diagnosis and giving
advice. The first most important question for him is: is it life
threatening or not?. They call this triage, to quickly find the
problem and see if it is life-threatening. For stitching for
example, he said: “you can make a beautiful stitch or not so
beautiful, but the wound will heal”. The wound might not
heal as fast and not as clean, but it will heal. As long as they
bring the wound edges closer together, dr Van der Leer
believes it is a big step forward to limit infection and speed
up recovery.

For the RMS doctor, the biggest challenge is language. He
states that sometimes he has minimal information form
the captain to work with and struggles to get his questions
answered because of language and sometimes a bad
connection. This is primarily a challenge when the ship is in
Dutch coastal area, and he has to decide for evacuation, and
he cannot get more information.

The other challenge, not mentioned explicitly, but is
apparent from some of his statements, is the need for it not
to take too long. He is not always able to get a follow up from
the captains but also does not always asks for one because it
takes extra time. The conversations over the phone usually
take about 10-15 minutes, but he prefers if they email. The
email is immediately documented and gives him the chance
to review it; these are both time savers. Sometimes he asks
one or two questions if the captain has no preparation on the
patient information he will ask him to get the information
and email him. It seems that the biggest challenge is not
the language but getting all the necessary data. The data
he is looking for is all on the evaluation form; he explains
that if the captains have prepared this than the help is most
straightforward to give. In training, they get taught to use
these forms when they work with the actor and practice
the communication with the RMS, but they do not always
do this. They will say: “Jan has a sore throat and we want to
give antibiotics and need the green light from the RMS”.
Questions like these are the most frustrating because he
needs much more info before he can proceed by giving this
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advice. For the RMS doctor the information on the evaluation form is enough, he says he usually
asks questions from the form for follow up.

In emergency care the doctor is usually looking for a first impression, this can already tell
enough(Appendix B). For this a picture can often already be enough. The RMS doctor also like
a picture, this helps him get a better overview of the situation and for example, give markers
where to stitch a wound.

Potential value AR

The RMS doctor believes more contact between the doctor and captain will most likely improve
the care. However, the time remains a challenge; it has to work with his work schedule the Dutch
RMS is not set-up like for example the Italian where there are always full-time doctors. The
details of the app were not discussed with RMS doctor as the company preferred the development
internally. With the ECMT doctor, the potential of AR was discussed more in depth. He believes
the most significant addition in the judge and stabilises phase is to help and find the treat what
kills first. For the treatment phase, it is more like the captains pointed out in the test, the feeling
of support and real guidance in performing skills. The ECMT doctor suggested thinking about
various levels of acuteness in the scenarios. This is also the case in the current RMS services,
at least in the request number the captain uses for contact. They have three numbers they can
contact which will give the doctor an indication of the urgency. The levels he suggested

. Acute situation

. Acute Do first

. Acute Need help

«  Semi-acute

. Need help getting the story complete

«  Non-acute but in need of support

The levels were considered and used to analyse different journeys which will are evaluated in the
next chapter. Another valuable potential of the AR service is seeing a live response of the patient
to the treatment which is especially valuable when performing an abdominal check.

The RMS doctor’s focus is on probability diagnosis, and his first action is to see if it requires
evacuation. To do this, the doctor often has to work with limited information. There is no first
impression, and the captain is not always prepared which puts pressure on the doctor’s schedule
who is doing this next to his job. The doctor is in definite need of complete data but keeps a
distance from the captain in his support.

First Needs

- First impression

- Response to treatment(abdominal treatment)
- Not take too much time

- Useful data on the patient, like the form(RMS)
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08 Medical Care scenario

During the training, the Captains go through classes which involve theory and
practice. They practice skills like setting an IV and stitching multiple times in class.
Another important part is practising the theory on an actor who is acting out various
symptoms, and they have to handle the situation as taught in class.

To build an understanding of the context the training was observed and participated
in to built an understanding of the captains perspective. The training allowed to get
a good understanding of the different medical procedures which the captain can
be involved. At the same time, it provided an opportunity to talk with the captains
about their onboard experiences. The medical experience of the participants was
unfortunately limited, but their descriptions of the situation on board and observing
the training pro-cedures was very valuable.

Based on the observations the conclusion can be drawn that there are different
levels of urgency for medical situations on board. The steps of dealing with the
situation are very similar but the time and actions in the steps seem to differ slightly
for every scenario. First, it is valuable to make a good representation of the general
steps in the scenarios which the participants are taught during training. From there
X scenarios are explored depending on the level of severity of the medical situation.
The analysis of the steps of the treatment is based on the STCW Medical First Aid
& Medical Care book co-authored by Dr W. Boon the owner of the training centre
for which this book is used as a guide during training and handed to the students
to take home.

General scenario

There is a general scenario of steps through which the trainee learns to go through
during the training which is also in the book as a flowchart(Figure 16) and listed
below.

Steps in the scenario

1. SAFE

2. ABCDE, Evaluate the general condition of the patient

3. AMPLE, Targeted research into the condition of the patient

4 Document the findings, using the evaluation form and hand over to the
RMD

5. Discuss the findings with the RMD and agree on the treatment
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180| STCW MEDICAL FIRST AID & MEDICAL CARE | REVISIE 004 - 2016

Stroomdiagram medische zorg
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controleren
Documenteer
evaluatieformulier

Disability
.

Exposure
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Figure 16: Flow chart medical care from trainings book
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8.1 Acute and non-acute

Acute and non-acute scenarios were evaluated to see if they have differentjourneys. The scenarios
considered were: Heart attack(Acute), Accident with burn wounds and smoke inhalation(Semi-
acute) and food poisoning(non-acute)(Appendix F). The reason of choice of these scenarios is
because these are common scenarios on board.

Based on the observations the expectation was that the that there would be a large discrepancy
between the attacking of the situation for various levels of severeness. However, as could be
expected, the steps are built in such a way that the method is ready to cope with any scenario.
Rather than creating multiple journeys, the observations were integrated into a more complete
and better overview which shows more clearly the flow of the steps in Figure 17. The most
significant addition, apart from the different design, is the step that they always do circulation
check first by asking for a response and follow this up with a quick ABC before going to the more
elaborate and ABCDE where the data is taken and logged.

Roughly three phases can be distilled from the steps the captain has to take during a medical
incident on board which have been represented in the flowchart in figure 17. The first step in
treating patients is to make a quick analysis of the situation and immediately go through the C
and if necessary D to see if there are any acute situations from where they move to stabilise the
patient for more evaluation.

From the observations, it was taken that in a non-acute situation the captains go through a lot
of the research steps before calling the RMD. They not only do the evaluation form but also
start on the more extensive in-depth questioning to get as much information as possible. This is
not entirely in line with what the book says or what the diagram advises. There an ABCDE and
evaluation form suffices. However, is some cases it might be necessary to act in the form of an
oxygen mask and a drip feed, neither which can damage the patient but both can save it. For
this reason, it is valuable to be with multiple people to do actions, research and calls the RMD.
The call to the RMD has been included in the flowchart and depends on the status of the patient.
In figure 17 markers are put where 2-way-AR could add value. In the parts below the potential
value is explained in more detail.

Judge and Stabilise

During the first phase after the incident, the captain has to go through the SAFE steps and do a
quick evaluation usually start by looking for a response. During these moments what could be
the value of the AR application?:

- Get a 2nd opinion of the first observations before the approach

- Get a 2nd opinion on the C and potentially AB and DE

- If necessary guide the captain through the CPR

For the second part of stabilising the patient, it is all about making sure the patient is not in
any shock or need of acute care and the first more detailed diagnosis can be made with the first
actions to keep the patient stable and ready for further treatment. The goal of this phase is to act
with decisiveness and precision without doing extra damage.

Analyse and Diagnose

In any critical situation, a live connection should be set-up as soon as possible. Make sure to
get the first info on ABCDE and make a connection to get the 2nd judgement. Also particular
important with situation-specific accidents to get a second opinion before taking action.

With the AR app, the doctor can prioritise the information the captain gathers and the actions
they take in a distant non-stressful environment. This way the captain saves valuable time on
considering his steps or gathering information / taking action which is not value adding.

The second momentthe AR appisvaluable iswhen the patientis stable, and the patientis reviewed
in depth, and the doctor can guide the captain through the steps helping with prioritising while
also getting live feedback himself. The value-added part is a more concise analysis of the patient
through the guidance of the doctor and a better analysis of the situation.

Treatment and Aftercare
For the treatment phase the value of the app is in creating confidence in the procedures. This is
the part where the captain might have to take some action which are outside his comfort zone
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Judge and stabilise

Analyse & Diagnose'

Figure 17: Flowchart from based on observations from training and reviewing the book

and he does not feel confident he has the skills to treat the
patient, like for example stitching.
Example options
- Critical position of the patient
o Underneath a container with his leg
- Unconscious on the deck, nothing around him
- Broken leg bottom of stairs

Conclusions

1. There are different levels of acuteness An
important part of the training is learning the
ability to identify acute and handle them

2. Critical in the scenario is going through the

evaluation form which has the ABCDE
sequence and all the medical data required for the
communication with the RMS

a. Before RMA it is all about stabilising and
getting out of life danger
b. After RMA they take more action

It is likely that there are multiple people around to

help with the care

a. Care can be on the hospital, but most
likely the incident is somewhere else on
board

There seems to be no clear communication

protocol with the RMS
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09 Customer Journey

JUDGE & STABILISE ANALYSE & DIAGNOSE

Captain
contacts
RMS

Medical expert  Megica| expert forms
onthe other  yipono5e and gives

The process An intident First check of  If possible More il treatments
situation and Move patient to elaborate

stability of hospice measures
patient of vitals and

occurs on
board

Captain is questioning of
informed pat=it
There is an incident on board which requires medical attention. In the analyse and diagnose phase the patient is researched in
The story Immediate action is taken to judge the status of the patient, more detail, additional information is gathered on the patient to
stabilise him and prepare for the next step. communicate to the doctor to help him build a good diagnose
Time spent 5 min 30 m
Actions Taken INCIDENT SAFE ABCD ABCD AMPLE CONTACT RMD
l. Feels unease when he is informed about the incident l. Is happy to talk with in expert about the situation ans
2. Is likely for him to see a situation he has never share some of the responsibility
Thoughts and concerns experienced before 2, Feels not confident he can complete the actions the
3. Does nog know exactly the first steps of actions but doctor has given him
knows where to find the information 3. Questions if he has taken all the right measurements
l. What happened during the incident l. Looking for more certainty in his analyses on the paitient
Information they are 2. Any major complications which have to be taken care of 2. Is vt/ondelilng |f there is anything major with the patient
looking f immediatley which he is missing
ooking for 3. Confidence and positive feeling 3. The first actions he has to take

4. Will the patient make it?

& © O

Actions Taken FORM DIAGNOSIS|

Feels he has limited information to make a decision

l.
Thoughts and concerns 2. Questions the accuracy of the captain
3. Concerned about tunnel vision
4. Feels pressure to make the right decision
Iformation they are | 1.y mprssonf e e L L repomeo s ooty o apat
looking for 2. Treat what kills first ’ quatiey P

measurements

Emotions @

Actions Taken INFORM INFORM

Thoughts and concerns I Is scared ) o .
4 2 Hopes he gets the best care possible | Questions the ability of the captain
Information they are N Will I be alright?

looking for I Certainty in the diagnosis

Emotions @ ®) ®)

Figure 18: Customer journey based on the insights from tests, observations, intervies and analyses
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TREATMENT AFTER-CAR

Patient recovers
from incident and
treatment

Captain takes treats
patient as advised by
doctor

Captain treats patient
accoring to advice

Doctor reviews
patients status and
gives advice

Patients vitals

and status are

documented - Congaces RMS for
follow up

At the same time the
vitals and condition of
patient are observed

Apart from the first treatment actions in the Judge and
stabilise phase, this is the phase during which the next steps of
treatment are taken based on the diagnose and advice

During the after-care the patient is reviewed on his recovery by
again measuring his vitals and questiioning him and discussing
these results with a doctor.

60 min 30 min

PREPARE TREATMENT GATHER VITALS § CONSULT RMD

l. Feels out of his depth and insecure to provide the skills
nessecary to treat the patient
2. Feels left alone from the previous step

Wonders if he did a good job
2. Hopes the patient will get better

l. Guidance and confirmation during the practicing of the

skills I Confirmation and feedback about the treatment
2. Warnings if the status of the patient changes during 2. Information on how to evaluate the patient
treatment

©

GIVE ACTIONS

© ©

REVIEW NEXT STEPS

l. Wonders if he gave the right advice

. ) l. Is the patients status stable or improving?
2. Hopes the captain can follow the advice he gave P P 8

l. Live response of the patient to the treatment l. Know the status of the patient
2. Feedback if the captain is doing the treatment right 2. The response to the treatment
3. Any other complications which might have arisen

INFORM RECOVER

I Wonders if the captain can fulfil the treatment I8 Will | have any after effects?

l. The next steps in his treatment
l. Confidence that the captain is able to treat him well 2. The duration of recovery

3. Any future side-effects

The insights from the interview,
test and observations were
summarized on one big
customer journey(Figure 18).
Based on the analysis of the
scenarios the narrative was split
into four phases with a visual
representation and description
what takes place in this phase.
The insights from the interviews
were put into ‘thoughts &
concerns’, ‘information they are
looking for’ and ‘emotions’. The
customer journey gives way to
analyse what is working well in
the current scenario and what
is not too later in the process
address these opportunities with
the service design.
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9.1 Take aways customer journey

The customer journey is a very complte summary of insights from research and provides a strong
bases to identify the strong and weak parts in te current journey. In figure 19 the strong and

weak parts have been identified and numbered, the isnights are described elaborately below.

Going well in the current scenario

1.

The moment of communication with the doctor is very valuable for the captain. This
is the moment he gets the chance to share some of the responsibility and expert input.
Up to this point, he has done all his actions based on his training.

The first actions by the captain are not by definition good or bad. If the captain is well
trained and can handle the pressure and feels confident, he will be able to handle the
situation. Also if the scenario is not very acute than the pressure is lower, and there is
more time to questions his steps and review the handbook or skills app. If the captain
does not know what to do the initial stabilising of the patient might be rough.

In the aftercare, the captain and doctor will be in touch about the recovery of the
patient to discuss any follow-up steps if necessary. However, the quality of this
discussion entirely depends on the accuracy of the captain’s measurements and the
patient’s responses to the questions. Most likely the patient, at this stage, is in

better shape so can give useful information to the captain. This is potentially the first
moment the doctor can ask more detailed questions and maybe talk to

the patient directly.

Room for improvement

1.

In the initial confrontation with the incident and patient, the captain might feel out
of his depth immediately. There is no support for him to master the situation

or to give him handles on what to do and what to do first. There is an

opportunity to support the captain in the steps to handle the situation and provide
additional support if necessary.

Doctors always search for the ‘ treat what kills first’ in the emergency room. This
follows a similar step-by-step process as the captains get taught in class but of
course much faster and more detailed. The experience of the doctor allows him

to exclude and include scenarios that he wants to check in more detail. In the
current scenario, the doctor does not have the opportunity to judge the first situation
since the captain is first handling it. This is a missed opportunity because it can help
the doctor form a better diagnosis as well as point out specifics the captain has to look
out for.

In the entire scenario, there is very little attention to the patient. Based on the
observations during the training situations, there is minimal role for the

patient, apart  from being the focal point of attention and answering the
questions from the captain. During this whole time, the crew member is

not feeling well and needs to have faith the situation will be handled well.

There is very little comforting or reassuring done, and the

captain has the contact with the expert, not the patient like in a

normal doctor-patient relationship. For the wellbeing of the patient and

the quality of the care, it could be valuable to make the patient feel good and

involve him more in the process, also directly with the doctor.

In the analyse and diagnose phase the doctor faces the challenge to make a decision
based on the information the captain provides him. The doctor has the opportunity
to maybe ask some additional questions from the captain but has to trust the captain
that the information he provides is collected the right way and unbiased. For this
phase, it could help the doctor build some trust if he can see the process of gathering
the information on the patient and direct the captain in his research and see

the response of the patient to for example an abdominal check.

E MedAssist.online™

PATIENT DOCTOR CAPTAIN NARRATIVE

The process

The story

Time spent

Actions Taken

Thoughts and concerns

Information they are
looking for

Emotions

Actions Taken

Thoughts and concerns

Information they are
looking for

Emotions

Actions Taken

Thoughts and concerns

Information they are
looking for

Emotions



5. In the treatment phase, there is the chance the captain has to perform skills he learned
in training

a. During the treatment, the captain needs to take care of the patient, so they
can recover in the best way. However, the captain is undertrained and under
pressure to take the best care of his crew member. He does
not feel confident that he can do it and is lacking support. This is where the
project was initially started to use 2-way AR to allow the doctor to support the
captain in his actions. He is looking for confirmation and correction in
the treatment process which gives him more confidence and the feeling of
shared responsibility.

b. After his advice, the doctor wants to know if the captain can follow up his
advice and see the response of the patient to the treatment. Currently, he
gives the advice and leaves the captain to it. There is an opportunity to
keep thedoctor more involved to give guidance to the captain and interfere if
for example, the status of the patient gets significantly worse.

JUDGE & STABILISE ANALYSE & DIAGNOSE TREATMEN AFTER-CARE

Patient recovers
_from incident and Captain treats patient
treatment accoring to advice

Captain takes treats
patient as advised by
doctor

Captain
contacts
RMS

Doctor reviews
patients status and
gives advice

Medical expert  Megical expert forms
on the other  giagnose and gives
First check of  If possible More €Ep treatments

situation and Move patient to elaborate

An incident

occurs on .
stability of hospice measures
beard patient of vitals and N Patients vitals
- the same time the d status are
Captainiis questioning of At m¢ an
C - vitals and condition of documented
informed P o Con‘ucrs RMS for
ollow up
There is an incident on board which requires medical attention. In the analyse and diagnose phase the patient is researched in Apart from the first treatment actions in the Judge and During the after-care the patient is reviewed on his recovery by
Immediate action is taken to judge the status of the patient, more detail, additional information is gathered on the patient to stabilise phase, this is the phase during which the next steps of again measuring his vitals and questioning him and discussing
stabilise him and prepare for the next step. communicate to the doctor to help him build a good diagnose treatment are taken based on the diagnose and advice these results with a doctor.
5 min 30m 60 min 30 min
SAFE ABCD ABCD AMPLE CONTACT RMD PREPARE TREATMENT GATHER VITALS § CONSULT RMD
I Feels unease when he is informed about the incid [l Is happy to talk with in expert about the situatio I
2. Is likely for him to see a situation he has never share some of the responsibility I Feels out of his depth and insecure to provide the skills o " q
5 . . [l Wonders if he did a good job
experienced before a, Feels not confident he can complete the actions the necessary to treat the patient 2 Hopes the patient will get better
28 Does not know exactly the first steps of actions but doctor has given him 2. Feels left alone from the previous step : P P 8
knows where to find the information S Questions if he has taken all the right measurements @
I What h.appened r!url.ng the |r.vc|denc I Looking fgr more Cel'.[aln(y in his arTzIyse.s on the p:a(len[ . Guidance and confirmation during the practicing of the
2. Any major complications which have to be taken care of | 2. s wondering if there is anything major with the patient : )
. N . o skills I Confirmation and feedback about the treatment
immediately which he is missing 2. Warnings if the status of the patient changes durin 2. Information on how to evaluate the patient
3. Confidence and positive feeling 3. The first actions he has to take : 8 P 8 J . P
¥ X N treatment
4. Will the patient make it?
FORM DIAGNOSIS] GIVE ACTIONS REVIEW NEXT STEPS
I Feels he has limited information to make a decisioo
2. Questions the accuracy of the captain I8 Wonders if he gave the right advice | iy Sy——)
3. Concerned about tunnel vision 2 Hopes the captain can follow the advice he gave E P P! &
4. Feels pressure to make the right decision
. . . I Live response to the analyses done by the captain I Live response of the patient to the treatment I. Know the status of the patient 0
I. First impression of the patient PR N . . HIMANN :
r 2. An indication of the level and quality of the captains 2. Feedback if the captain is doing the treatment right 2. The response to the treatment
2. Treat what kills first A . : ;
measurements 3. Any other complications which might have arisen
INFORM INFORM INFORM RECOVER
18 Is scared o
i ili i lls Will | h fter effects?
2. Hopes he go#e best care possible I Questions the ability of the captain ill | have any after effects
I The next steps in his treatment
I ill | be alright? — - 5 I Confidence that the captain is able to treat him 2. The duration of recovery
I Certainty in the diagnosis N
3. Any future side-effects

©

S

Figure 9: Customer journey with indications what are strong and weak points in the journey
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9.2 Gaps in curernt scenario

The points addressed in the previous section give a
heightened understanding of the journey and make room to
see opportunities. Looking at the gaps that there are between
the different actors helps to understand the value the service
can bring rather than focussing on function.

Working from left to right through the gaps in Figure 20,
after the initial medical incident, the captain will get an
overview of the situation and first impression of the patient
which the doctor has not so there is an information gap
there. In assessing the situation and making the first steps
to stabilising the patient, there is a clear experience gap
between the doctor and captain, and there is no way for the
doctor to add his expertise. This is the same in the analyse
and diagnose phase where the captain has to get all the info
but might lack the skill and experience to do this. Overall
there is a complete lack of communication between the
doctor and patient, which is not indicated as necessary but
the doctor actually wants it to be this way. The doctor talks
with the captain, not the patient. The last gap is the clear gap
in skills to treat the patient with an appropriate level of skill.

The process

The story
Time spent

Actions Taken

Thoughts and concerns

Information they are
looking for

Emotions

ActioneRP

Thoughts and concerns

Information they are
looking for

Emotions

Actions Taken
Thoughts and concerns

Information they are
looking for

Emotions

PATIENT DOCTOR CAPTAIN NARRATIVE

An incident

Capaain
contacts

Medical expert pegical expert forms
on the other  giagnose and gives
Firsc check of If possible More side treatments
Siuation and Move patiencto | claborate

stability of hospice measures

board patient of vitals and
Captinis questioning of
informed patient
There is an incident on board which requires medical attention In the analyse and diagnose phase the patient is researched in
Immediate action is taken to judge the status of the patient, more detail, additional information is gathered on the patient to
stabilise him and prepare for the next step. communicate to the doctor to help him build a good diagnose

5 min 30m

INCIDENT SAFE ABCD ABCD AMPLE CONTACT RMD

1
2

3,

INFORMATION

Feels unease when he is informed about the incident 1. Is happy to talk with in expert about the situation and
Is likely for him to see a situation he has never share some of the responsibility
experienced before 2. Feels not confident he can complete the actions the
Does not knowexactly the first steps of actions but doctor has given him
knows where t} find the information 3. Questions if he has taken all the right measurements
»

What happeneq during the incident | Lodking for more certainty in his analyses on the patient
Any major complications which have to be taken care of | 2. Is whndering if there is anything major with the patient
immediately whikh he is missing
Confidence an positive feeling 3. Thffirst actions he has to take

4. Wiflthe patient make it?
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1. Feek he has limited information to make a decision
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measurements
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patient as advised by
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At the same time the
vitals and condition of
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ASSES & STABILISE ANALYSE & DIAGNOSE TREATMENT AFTER-CARE

Patient recovers
from incident and Capuain treats patient
treatment accoring to advice

Doctor reviews
patients status and
gives advice

Patients vicls

and status are

documented  Congacts RMS for:
follow up

Apart from the first treatment actions in the Judge and During the after-care the patient is reviewed on his recovery by
stabilise phase, this is the phase during which the next steps of again measuring his vitals and questioning him and discussing
treatment are taken based on the diagnose and advice these results with a doctor.
60 min 30 min

PREPARE TREATMENT GATHER VITALS | CONSULT RMD

Feels out of his depth and insecure to provide the skills

necessary to treat the patient
Feels left alone from the previous step
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| Confirmation and feedback about the treatment

nges during 2. Information on how to evaluate the patient

SKILL GAP
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Is the patients status stable or improving?

Live response of the patient to the treatment 1. Know the status of the patient
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Figure 20: Customer journey with gaps
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10 Design Challenge

10.1 Design Challenge

Based on the insights from the research it is clear that there is a need for more support for the
captain. In figure 21, it has been visualised how the service is envisioned to achieve this. The
service could allow for an increased number of interactions with the doctor. The increased
interactions will help build the confidence and at the same time allow for information sharing
between the two parties. A good example of this information sharing could be the medical
data, which is sent before the doctor and captain go into a live connection. This way the service
supports the doctor by triggering the captain to get all the data while at the same time giving
the captain the feeling that the is not alone.

The most important interaction is in the treatment phase where the 2-way-AR technology is
most valuable to allow the doctor to give precise instructions to the captain. In figure 22 the set-
up as imagined up to this point for the project is visualised. Both sides use a tablet and a tablet
stand which is highly adjustable to work with the product. During the field research, some initial
testing was already done with the app and set-up to get insight into the captains thinking and
response on the app. During these tests, it was already clear that the envisioned set-up with the
app being as it is does not necessarily mean that the 2-way-AR’s potential is fully met. The hands
are big in the screen, it is hard to communicate, and the iPad is often in an awkward position.
So the design challenge for the project has been to research a set-up which will make it possible
to use 2-way-AR as it was intended: a tool for the doctor to give precise instructions to the captain
during medical care. At the same time the service is developed so that is not just functional but
also helps with the medical journey and feeling of support(Figure 21).
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Figure 21: Potential of 2-way-AR service
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Both using an iPad stand
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Figure 22: Envisioned set-up by MedAssist.online

1. The focus is on finding a set-up which makes it easier to 10.2 Medical scenarios
use the 2-way-AR functionality

2. Confidence is created through the communication with
instructions, the captains feel this improvement

3. The potential of 2-way-AR to give detailed instructions is
not being met to this point

4. Three parts have been identified with parameters to be
defined with prototypes and tests

To move forward with the development of truly
unlocking the potential of 2-way-Ar it is important to
address the medical situations the app could be used for.
In the analysis it was defined that the main potential of
the contribution of AR is in the skills phase. From the
skills app developed by MedAssist.online a long list
of skills can be extracted which are most commonly
needed on board. Talking with Dr. Boon, the owner, and
reviewing the skills app and observations three medical
scenarios were selected to keep in mind when working
towards solutions. This is especially important because
of the detail of the instructions and the optimal camera
positions.

The first scenario is a cut in the arm or having to set an
IV. The focus is the arm where a view of a large part of
the arm is needed with some close ups when reviewing
the wound or needle.

he second scenario was a suggestion from Dr. Boon. In

this scenario there is a splinter in the eye of the patient.

This is a scenario which they do not learn in training

and requires some specific skill. He suggested that it is

probably not something they would do at the moment
q ﬁ but with the support of AR could do.

Figure 23: Positions of the patient for three medical scenarios
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11 Testing with 2-way-AR

11.1 Small test with 2-way-AR

From the analysis the design challenge was specified and
focussed on making the 2-way-AR interaction work. Parallel
to this exploratory research with 2-way-AR the technology
itself and the application were developing.

The first test performed with 2-way-AR was done with
a barebone version of the AR application. For the test
protocol and results please refer to appendix E. In the test
the two captains were asked to move shapes in different
colours(Figure 24). The goal of the test was to see how well
the captains were interpret the instructions given by a
remote expert. The instructions were either given by audio,
by pointing using the AR or both to get a feel for the value of
the AR functionality in the application.

From the test can be concluded it is clear that the value
of the AR functionality is immediately apparent to the
captains. Both captains see the value in live support. The
voice of the expert has a calming effect and creates trust and
one captain even points out that it feels very similar to the
training situation where there is always someone looking
over your shoulder, this exactly the feeling MedAssist.online
is going for with the application. The application can take
away the threshold to act by reducing insecurity. There was
even the suggestion to expand the feeling of trust by adding
the face of the doctor. In terms of performance of the AR
functionality, just working with audio performs better than
just working with the hands.

One interesting side note was pointed out by the trainer
who was present at the test that there might be a need for
some form of communication protocol. The communication
protocol could, according to him, overcome both sides
talking at the same time and coping with connection loss.
The test proved the potential of AR in a live connection and
the goal of the application was clear, even though the test did
not use a medical scenario.

11.2 First big test 2-way-AR

The test discussed above was, as mentioned, performed with
asemi-functioning version of the application. For this reason
the test was focussed on testing the technical performance
and trying to get a first response of the captains on its
potential value. The test did not test the AR functionality
very thoroughly so a more elaborate test was performed with
a medical scenario and comparing a live video connection
with the 2-way-AR functionality.

Figure 24: Captain moving shapes with AR instructions

Goal

To see test the added value of the AR functionality the test
was set-up to compare the 2-way-AR application with a
facetime connection(Appendix E). To test the performance
of the application the participants were asked to build 2
Lego structures using the instructions of an expert(Figures
25 & 26). In addition to this comparative test the captains
were asked to perform a medical scenario, an intramuscular
injection, with directions from an expert on the other side to
also get their insights on the value of AR.

In figure 26 the captain can be seen seated with the tablet
ready to receive instructions from the expert to construct
the Lego’s lying ion front of him. In Figure 27 the medical
set-up can be seen. For this set-up a different tablet stand
was used to allow some more freedom and for the captain to
be able to film the whole work area while working.

Conclusions

For the lego tests there is value in the hands for when audio
drops. Due to the loss of audio both captains felt slightly less
calm and effective on the scales(Appendix E). For a large
part this can be attributed to the loss of audio. Though the
hands add a lot of clarity they are not always 100% clear and
the captain still relies on the audio. Similar to the test with
the coloured shapes the captains see the value of the hands
as it is an extra confirmation which can give comfort in a
situation of stress.

The issue with the tablet position is that it is hard to see the
instructions while working. This is especially troublesome

E MedAssist.online™



in the medical scenario where the work area is fairly big
and the stand used has to stand in front of the table. One
captain changed the tablet position so the doctor could see
everything, the other keptitin one position and was working
around it. The tablet was in the way of his actions and hardly
ever gave a good view for the doctor, much of the actions
were not viewed by the captain.

Both test show that just having an expert seeing what you
are doing is already of tremendous value. An interesting
observation was that one captain failed to correct himself
and did not take out all of the air from the syringe. When
asked after the scenario he said he saw it but did not consider
taking it out. It seems that he was relying on the instructions
very much.

Limitations test

There were a few limitations to this test. The first being that
the captains had just received the training in intramuscular
injections. Even though in a realistic scenario on board the
captains have also received the training the intramuscular
injection proved to be very easy and the captains did not
really need any instructions. The other limitation which
influenced the results of the test are the audio issues of
the application were strong which were partially solved by
making the captain wear headphones(Figure X), but they
still experienced a lot of loss influencing the results of the
test.

Input for design

One of the captains very cleverly pointed out that he would
rather have the tablet with the instructions behind his
working area, as if you are typing on a computer with the
screen behind it. For the medical scenario the set-up with
the tablet stand is not flexible enough to work with. The
second input or challenge are the hands in the screen, the
hands of the captain blocking the view of the captain and the
hands of the captain and the doctors hands for instructions
blocking a large part of the screen. The last observations was
that the hands of the doctor often covered a large part of the
screen and the doctor has only limted control over the size.

Figure 25: One version of lego structure test

Figure 26: Building lego’s with AR instructions

Figure 27: Medical scenario test with tablet stand
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17 Captain

12.1 Stitching test

The first step taken to move towards designs on the captain
side was to confirm some of the results found in previous
tests — especially the test where Legos structures were built
with a facetime connection compared to the AR application
and performing a medical skill with the AR application.
After the first tests with two-way-AR, the realisation came
that the medical procedure used for the test(intramuscular
injection) was not complicated enough to test the value
of 2-way-AR. It was also found that the iPad stand was
not flexible enough to work with. For this test new stands
will be used and evaluated. In the interview the doctor
from the Radio Medical Services(RMS) explained that he
sometimes draws lines and arrows on images of wounds to
help with the stitching process for more complex wounds.
For this test, such a scenario was created with the complex
wound, not a straight line, in a piece of pork belly which
was photographed and instructions were drawn on top
with a description(Figure 30 & 31). For the other wound,
the instructions were provided through the AR application.
The test was performed with two captains who were in
training(Appendix K).

Interestingly enough, but not a new result, the responses
to the 2-way-AR application are mixed(Appendix L). One
captain prefers the AR application because it allowed for
discussion and correction. The other captain felt the app
was limited as he would instead work on his own pace.
Similar to the test with the shapes it was pointed out that a
communication protocol might be valuable. It can be hard to
realise when the captain is looking at the screen to follow the
instructions. The hands remain rough to give and receive
the instructions with, especially with such a close up the
scenario as the wound. After the test, the captains were also
asked if they minded being watched while performing the
skills they even forgot about it sometimes.

-
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Figure 28: Possible positions of camera captain side
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The reason that they forgot the doctor sometimes could be
partially attributed to the limitation of the test. The complex
wound scenario seems more difficult, but after evaluating
the wound, it turns out the captains needed only minimal
instructions during the stitching. The communication,
again, seemed to be influenced heavily by the audio loss of
the application.

12.2 Captain camera set-up

Two test performed with the AR application and captains
involved both showed struggles with the iPad position and
camera angle for the doctor.

One of the critical parameters with AR communication is
the understanding of the remote party, in this project the
doctor. To achieve a better shared understanding and allow
for the tablet to be placed behind the work area the camera
was disconnected from the tablet. In figure 28 the three
camera positions to place the camera in were suggested.

The most likely idea which comes to mind is to have a camera
in a pair of glasses. This is a self-explanatory option because
alot of AR development s taking place with the use of HMD’s
which have a camera in them to film. One advantage is that
it gives the recipient a similar view to the captain and at the
same time any instructions given by the doctor are given on
his perspective. The assumption is that the same view will
make it easier for the doctor to understand the situation and
give instructions as the captain will take the best perspective
of the situation and the instructions are more accessible to
implement if they are the same to his perspective.

To test the experience and performance of a different camera

set-up for the captain, an endoscopic camera was taped to a
pair of glasses to see the performance(Figure 29).
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Figure 29: Camera connected to glasses for test

Figure 31: Captain stitching with paper instructions
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12.3 Test with new camera angle

As discussed above the focus of the test was on using a
different camera angle on the captain side to see if this
improves the understanding of either side and makes it
easier to understand the guidelines. Also, this opens up the
opportunity to position the iPad behind the patient to make
it easier to work with, based on a suggestion from an earlier
test. The position of the iPad has been an issue from the
beginning, and the new stand has improved the workability
but can still be in the way of the hands. To make the scenario
more realistic, the working field will be simulated to be
bigger than it needs to be so there is a need to work with the
position of the camera.

For this test two colleagues were asked to take part, they did
not have experience with the application yet. The reason
for this choice was their availability over the captains and
the time they could spend on the test. Similar to some of
the previous test Lego structures were used again to make
the test more standardised (Appendix M). Also for this
test, videos were made for observations, the procedures
were timed and interview questions for both parties and
documented(Appendix N). The scenario was set-up so that
they were not allowed to communicate to focus on the
interaction.

Results

During the test, two important modifications were
implemented which were not part of the original scenario.
The firstis that the participants, one being the doctor and the
other the captain, were given a chance to practice. For a good
two minutes, the doctor gave the captain some instructions,
non-scripted, through the AR app without talking as they
were going to experience in the test. The reason for this is
to take away any bias between the first and second scenario
due to learning how to communicate over AR.

The second modification was made during the first scenario
and copied into the second. The first scenario using the
tablet’s cameras took so long I decided mid-test to stop it at
6 minutes. After this 6 minutes, I checked the progress they

made and had them fill in a questionnaire. After filling in the
questionnaire they were asked to continue with the scenario,
but now they were allowed to also voice chat. I timed this
part of the scenario as well to see differences between the
first and second scenario potentially, and they were asked
to fill in the same questions after this part to identify the
influence on the experience. The test persons were also in
the same room to overcome the audio issues from previous
tests.

Captain

From the scales in figure 32, it is clear that for the captain
the second scenario worked better. As soon as he got used to
working with the glasses, he felt it was much easier to work
with the tablet behind the work area. He felt he could give
the doctor a better perspective. Though the tablet creates a
more stable view, than the camera, the perspective could not
be made optimal for building the Lego structure which made
the doctor’s instructions harder to implement.

Doctor

The scales in figure 33 show that the doctor feels the set-up
without the glasses performs better. The open questions
after the scenarios give more insights and give opposing
results. The participant in the role of the doctor says he
prefers the set-up with the camera in the glasses as this gives
him a better perspective. There are good reasons for why
the experience of the When the camera is connected to the
glasses video feed on his screen is moving around. Even the
slightest head movements create large movements on the
screen, and it influences the quality giving him a pixelated
image.

Take aways

- Camera position is not just for doctor important; it
is also about the instructions the doctor can give
with the perspective

- Tablet behind work is confirmed

- Camera disconnected from tablet work well but
needs to be more stable

- The camera needs to be adjustable

1. 2. 3. 4, 5. 6. 7.
Totally Neutral Totally
disagree agree
The information from the expert was easy to X
implement
During the building | made very little mistakes X
| felt very calm during the building X
I had a lot of confidence during the building X
The expert was able to support me enough to do X
the building
| felt as if I was on my own during the treatment
Overall the building went very smooth X
| felt very accurate during the building X

Figure 32: Results captain, green set-up tablet red set-up glasses
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Tablet

Pro’s

Stable view for both parties

Con’s

Takes the effort to move around

Changing perspective for a doctor

. Hard to position right so that it works for both the
captain and doctor

oo PR

Glasses
1. Pro’s
a. Having the doctor see exactly see what the captain

sees helps for him to understand and makes it easier to give
proper instructions

b. Having the tablet in a fixed position and not need
much alteration works well, also having it placed behind the
work field

2. Con’s

a. It is not possible to look at the screen and situation
at the same time

Totally
disagree

1. 2.

3. 4, 5. 6. 7.
Neutral Totally
agree

It was easy to give the instructions to the
captain

It was easy to understand the captains progress

| felt very calm during giving the instructions

| felt confident in giving the instructions

x| x| x| =

| felt we were doing the building together

Overall the building went very smooth

| felt very accurate during the instructions

Figure 33: Results doctor, green set-up tablet red set-up glasses

Figure 34: Particpants in test with different camera angles captain
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15 Doctor

13.1 Limitations envisioned set-up

The main requirement for the doctor is control over size
hands to give instructions to increase the level of accuracy
in the instructions per scenario.

In the envisioned set-up in figure 22, the tablet points
downward on the hands of the captain underneath which a
green screen was placed. From the tests, it was concluded
that the hands were exceptionally large in the screen.

The set-up was reviewed to see in more detail the size of the
hands on screen. In figures 35 and 36 the hands of the doctor
can be compared at 20cm and 40cm from the camera. At
20cm the hand easily covers half of the screen while at 40 cm
the hand covers about 1/4th of the screen. The advantage of
smaller hands on screen is that the level of detail in pointing
can be much higher as well as that hands move much slower
over the screen making it easier for the doctor to control
them. Based on reviewing the images it was concluded that
the hands are acceptable size from about 30 cm up to 50 cm
so the set-up should facilitate this freedom.

10/u8/2018 15:18:27

o)

Figure 35: Hand size at 20 cm from camera

In the envisioned set-up this is not possible since it will be
impossible to see the screen at the same time. In figure 37
the author can be seen sitting behind the iPad which is lifted
3ocm from the table. The author is 188cm tall however 30cm
is about the maximum height of the tablet can be while being
able to see the screen of the tablet comfortably. A new set-up
was created which can be seen in Figure 38, where the iPad
is facing forward rather than facing down. This eliminates
the maximum height and should allow for the hands to be
controlled more freely.

o

hle » .~ 10/08/2018 15:15:52

o)

Figure 36: Hand size at 40 cm from tablet

E MedAssist.online™



v

Figure 38: New set-up to give more freedom to move hands away from camera
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13.2 Variables in doctor set-up

In the new set up five variable has been defined which need
to be specified of which an overview has been created in
figure 41. The first variable, number 3 from figure 41, got
its first definition from creating this new set-up at socm.
Somewhere in the work area, the green screen needs to be
at least socm away from the camera of the tablet. It was
also assumed that the best position for the tablet is such
that a 9o-degree angle is made with the view of the doctor
onto his own hands(Figure 43). To learn more about this
set-up various positions were defined and explored to
test(Appendix G) (Figure 42). In figure 42, there is also
added the distance between the tablet and start of green
screen. Based on DINED(2004) data it was concluded that
the arm length is 720mm with an sd of ssmm(Figure 40). For
this reason, the maximum reach was set at 70 cm. Since the
depth of the green screen is 50 cm the distance from table
edge to green screen edge is 20 cm.

A test set-up which could accommodate for all of the tablet
angles was built and is shown in figure 39. This set-up was
decarded because it was very bulky and did not allow for
the participant to move their hands free, so the set-up was
improved.

The new test set-up, rather than being a full iPad stand with
various positions, makes use of the tablet arm which is part
of the envisioned set-up. For this test dies were laser cut
with the right height angles which could be put against the
tablet to put it in the right position

Figure 39: Test set-up that is too bulky to test functionality

mean and sd single mu
DODU'EItiﬂnS Dutch a:il:tl::sd 20-60,
measures mean sd
Arm length (mm) 720 55

Figure 40: Results doctor, green set-up tablet red set-up glasses
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Distance camera 9
to green screen

Green
Screen

(4]

Figure 41: Parameters doctor set-up

Green
Screen

Work area

Figure 42: Heights and angles so that distanceto green screen is 50cm

1. iPad height from table

2. iPad angle (measured
from the table)

3. Distance from iPad to the
green screen

4. Size green screen

5. Distance iPad to eyes -->
distance iPad from the
table edge

Green 50 m, ’
Screen P

Wgrk area

7
7

Figure 43: Hypothesis that 9odegree angle with tablet is preferred
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13.3 Test with different angles

In the test, which had as a goal to learn more about the
parameters on the doctor side, the participants were asked
to match their hands in the same shape and position as the
outlines of hands which appeared on the screen. For the
full test set-up and dies for the test review Appendix I and
J. The test was performed with five participants, and the
scenarios were in a different order for every participant
to account for learning effects. The tests were timed,
videotaped and responses were collected using the Nasa task
evaluation index(TLX), observations from video and open
questions(Appendix I).

From the results(Appendix ]) several conclusions can be
drawn. Scenarios three and four or (20cm at 30° and 25cm
at 30°) give the best results. The average scores of the Nasa
Evaluation Task index are shown in figure 44. For all the
scores the 3rd and 4th scenario give better scores. Especially
mental demand, physical demand, effort and performance
are much better.

By far, the 3rd and fourth scenario are the preferred setups
as they give the most room underneath the iPad to move the
hands around freely. In the 1st set-up the iPad is at the table

level, so when they have to reach with their hands, they start
hanging over the iPad and can no longer see the iPad very
well. Also, the width of the iPad in combination with the arm
in the set-up was hindering the actions of the participants.
The other issue with the first set-up was that they were not
able to achieve all actions was because the work area was
too small, the green screen was too close to the camera. The
second scenario did not have the issue of the work area is too
small, but the participants do feel they do not have enough
room underneath the iPad to work with.

All of the participants have no problems keeping their eyes
ontheiPad in any of the set-ups. Only participant 4 mentions
that the iPad comes a bit close to the face when having to
reach for some of the farther actions. In the observations,
it is clear that, though the participants feel they can keep
their focus on the iPad they do have to move to twist and
turn their bodies in some scenarios to keep their view on the
iPad (Figure 45). Keeping a good view on the tablet is key as
all only look at the iPad when performing their actions, not
their real hands.

The main take aways from the test have been summarized
in figure 46.

Nasa evaluation task index results test doctor
angles

16
14
12
1

o

Mental demand

o N OBR O

m0cm 10°

Figure 44: TLX scores angle tests doctor set-up

Physical demand Temporal demand

m10cm 20° ®m20cm 30°

Effort

Performance Frustration

25cm 30°
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Figure 45: Particpant struggeling to see the screen when moving forward

Distance is very hard
to reach with hands, "\—
to much upper body

movement needed

Green
Screen

Green screen can be
much smaller "\—

When the tabletisin a

lower position the

work area is below the
table

Figure 46: Results test different tablet postions doctor

Distance iPad and
head does not seem a

They only focus on
roblem

the screen never their
hands in real

~
~
N
N
N
\

Some height from the
table is wished for
free movement of

hands
Work area .

There needs to be
some height to
operate hands

At 10 degree at the
bottom there is not
enough work area
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14 Captain

14.1 Requirements set-up

This is a list of requirements created based on the analyses
and test. In figure 48 the set-up for the three medical
scenarios is illustrated.

1. Overall
a. The set-up should be flexible to connect to
multiple surfaces
2. Camera
a. Needs to work for different scenarios and
placed in line with captains view
i Top view body
11. Close up arm
1il. Close up eye
b. Adjustable with one hand
c. Flexible to be adjusted mid-scenario
d. Flexible in all directions
e. Create a stable image
3. Tablet
a. iPad 2018
b. Have a stand
i Flexible in height
ii. Flexible in angles
General

The situation on board of the ship has not been evaluated
in depth so it is hard to say what the set-up should look
like exactly to function on board of a ship. To function the
requirement set was that the mounts should be flexible and
attach to multiple surfaces. For both the doctor and captain
side up to this point iPad stands were used with a simple
screw on mechanism which works fine, it even has a suction
cup mechanism which can be used to connect to surfaces
that do not have an edge.

Camera

Three scenarios were considered for which the set-up
should work which means it has to be able to go high from
the table as well as stay very close. Also, the camera has to
turn and bend to be put in the right position. The maximum
height the camera needs to achieve was set at 100 cm after
reviewing the view of the camera when placed this high over
a body(Figure 47).

To be able to adjust the camera with one hand a handle
is envisioned to be connected to the camera. This will
depend on the sturdiness of the arm to which the camera
is connected how necessary this is. It has the added benefit
that the direction the camera is pointing at and the handle
can be put at a 90-degree angle to help with understanding
what the top and bottom of the camera is.

~

-
Figure 47: Testing the required camera height for abdominal search
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The arm to which the camera is connected should be highly
flexible, so the camera can be rotated up and down, left
and right and even bend around the corner. This flexibility
should not influence the stability of the camera as one of the
conclusions from the satellite research was that stabilising
the video feed makes for a much lower data need and higher
quality image.

Tablet

The doctor should also make use of the iPad as a tablet which
is similar to the doctor that this is the chosen platform
for MedAssist.online services and the technology was
envisioned to be used on this. The tablet should be able to
be placed behind the work field which means it needs some
flexibility in height and rotation which the stand used within
the test so far offers.

Figure 48: Different camera and tablet positions for every scenario
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14.2 Final set-up

The set-up which was envisioned for the project has
been visualized in Figure 49 with the different parts and
requirements. With these requirements and the design in
mind, a prototype set up was created(Figure 50).

The prototype set-up uses an endoscopic camera connected
to an old windows tablet, as this was the only tablet which at
the moment was able to recognise the camera as an input.
The arm on which the tablet is placed is the familiar arm
from other test set-ups.

The endoscopic camera is wired through two flexible
goosenecks with a total length of 108 cm(Alle Kabels, n.d.).
The goosenecks are commonly used for microphones but
have the right flexibility and inner diameter for this project.
The goosenecks are screwed on to each other and onto a
table clamp which can be screwed onto surfaces very similar
to the iPad stand(Conrad Electronic, n.d.). The clamp was
modified so that the camera was able to run through. The
handle is made from a bike handle and aligned with the
perspective of the camera.

iPad stand
- Mount everywhere

For the initial prototype, the idea was to use only the
goosenecks connected. Unfortunately, when they are
connected, they are too heavy and would continuously bend
over. To overcome this a piece of pipe with a 22mm diameter
was put around the lower gooseneck. This put the point of
flexion higher above the table and reduce the amount of
weight that is acting in the point allowing for the camera to
stay in a stable position.

Camera arm

Handle for easy - Flexible height up
adjusting of camera to Tm
postion - Flexible in all
directions

- Flexible in height

Figure 49: Parts to captains set-up
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Figure 50: Prototype of captain’s set-up
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15 Doctor

15.1 Input conceptualization

In the conceptualisation phase the parameters relevant for
the doctor set-up are defined:

iPad height from table

iPad angle (measured in relation to table)

Distance from iPad to the green screen

Size green screen

Distance iPad to eyes --> distance iPad from the
table edge

[ N N

To define these parameters a test was performed. The test
with the different angles and heights of the tablet has give
input for the embodiment of the doctor set-up. The following
conclusions were drawn:

- 70 cm from the table edge to the end of the green
screen is too far to reach
0 The eyes get too close the tablet

- The green screen set at 50*50 in both planes was
not fully utilized so could be made smaller

- The angle of the iPad in relation to the eyes/head
does not seem to influence the experience

- The iPad is preferably higher than 20cm from the
table so it does not block hand movement

The last conclusion was that the participants were very
comfortable looking through the tablet on to their hands.
They did not feel the need to look around the iPad to see
their own hands in reality when performing actions.

It is not about the distance of the iPad to the green screen is
also about the size of the work area. During the angle test the
first two setups, which are lower to the table, proved to be
problematic as some of the actions could not be performed
as the green screen on the table would be in the way. This is
determined by the position of the tablet in combination with
the field of view of the camera which needs to be put so that
a large as the possible work area is created.To work towards
a more detailed set-up, these parameters have to be defined
in more detail.

15.2 iPad height from table and angle

From the test with different heights and angles of the tablet
could be concluded that the performance increases when
the height of the tablet is 20+ ¢cm from the table. The main
reason for these heights performing better is the freedom
underneath the tablet. In the interviews, the participants
pointed out that it was not uncomfortable to keep looking
at the iPad. The assumption that is most comfortable

to have a 90-degree angle between the tablet and line of
sight into the work area was not disconfirmed. Using
DINED(2004) data the new height and angle of the set-up
was determined.

In Figure 51 the ps and p9s sitting heights are sketched in
relation to the table, and the blue dotted lines represent the
line of sights to the furthest point of the green screen which
cuts straight through the centre of the work area. The lines
are drawn for the ps, p50 and p9s. For reference, the pso line
is used.

When the centre of the tablet, where the camera is, is
aligned with the pso line of sight and a 9o-degree angle is
created between the iPad and line of sight the table the angle
between the tablet and table is 40 degrees, and the bottom of
the tablet is 30 cm from the table.

To increase the size of the work area, the centre point camera
was aligned with the 20cm from the table rather than the
bottom of the camera. This is considered possible because
the iPad came close to the face sometimes in the tests, but
this was because they had to reach. In the new, smaller green
screen set up, this should no longer be an issue, and the
doctor can sit up straight.

Requirements:

- 40-degree angle

- 30 ¢cm from table

- Camera 20 from the edge of the table
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Figure 51: Sketches to determine the size of the green screen and size of the work area

Thesis Tom Slijkhuis 4436911 ¢ An exploratory research into the design of a medical product-service setup with 2-way augmented reality for the maritime sector



15.3 Distance iPad to the green screen

The first conclusion about the distance of the green screen
from the table edge makes sense in retrospect. In the
conceptualisation phase the arm length is measured when
the arm is completely extended. This is of course not realistic
when sitting behind a desk where the arms are already
slightly bent. This would mean the max reach is in a straight
line forward from the shoulders which would conflict with
the iPad in between. The comfortable reaching distance
when seated behind the desk is the relevant measurement
for this set-up.

DINED has another tool with reach distances, the tool
indicates the comfortable reach distances for ps to p9s. The
horizontal distance for ps5 is defined at 64,5cm and 82cm for
p9s. This is much in line with the arm length used as input
in the previous set-up and does not help with defining the
parameter. Though the tool gives some insight into what the
maximum comfortable reaches distances are for people, it is
very much in line with the average arm length used as input
for the first set of parameters. To get a better understanding
of whatis an ergonomically comfortable some more research
was done and some illustrations were found on what Relax
the back calls the ‘ergonomic cockpit’(Relax The Back, 2017).
In figure 52 such a cockpit is defined by the US ergo, in
inches(US Ergo, 2018). When calculated into cm the distance
for a maximum work area for men is 67,31 cm and for women
59.69. For the new set-up, it is chosen to keep the maximum
distance of the green screen from the table edge at 6ocm.

Requirements:
- Green screen max 6ocm from the table edge

Maximum Work Area

Normal Work Area

usf)ergo

«—14* 16—

—

Q -E 56 64°

15.4 Work area

To increase the size of the work area the iPad has to be higher
up as Figure 53 clearly illustrates. The change in angle and
increase in height positively influence the size and depth of
the work area.

The angles of the iPad camera were measured and calculated
because there is no data available by Apple. The vertical FOV,
when the iPad is in horizontal position, was calculated to
be 44 degrees. The FOV was sketched out, as can be seen in
figure 53.

15.5 Final set-up

L. iPad height from table + 30 cm to the bottom corner

2. iPad angle (measured in relation to table) = 44
degrees

3. Distance from iPad to green screen = 50 cm+
measured from camera

4. Size green screen = big enough, so it works for test

5. Distance iPad from table edge = 20cm to camera

The strength of the new set-up is visible in figure 53. The
tablet is put in a higher position slightly closer to the user
with an increased angle. This allows for a large work area
to be maintained with the maximum depth exceeding socm
without exceeding the 60 cm distance from the table edge.
The final set-up was prototyped of which picture is in Figure
54.

Maximum Work Arca

Mormal Work Aroa

Figure 52: Ergonomic cockpit(US Ergo, n.d.)
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Figure 53: The work area increases in size and depth when the tablet is positioned higher and at an angle

Figure 54: Prototype set-up doctor side
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16 Application

16.1 Input for application

The analysis concluded that the captains are not just looking
for support in the treatment phase when performing skills.
The captains have a general feeling of insecurity and lack of
support throughout the whole journey. The AR functionality
will play an essential role in the treatment phase to add
confidence in actions through the support of an expert but
does not have a role in the other phases.

Not just the captain, but also the doctor has needs which
surpass the need for a video feed of the patient to give
instructions. The RMS doctor has pointed out the need for
good data collection about the patient before he can give
the right support. In addition to this, the training doctor
pointed out the value of an overview image to be able to
‘treat what kills first’.

The needs described above transcend the AR functionality
and led to the realisation that the application should be more
significant than the AR-functionality and become a service
that aligns with the journey and has functions which fulfill
the needs of the captain and doctor. By working towards an
app which fulfills these requirements the product can move
from a live video conferencing product with 2-way-AR to a
telemedicine service with 2-way-AR functionality.

Evaluation form

Standard evaluation form - IMO compliant Date: Time (UTC):
Essential Basic Life Support K33 > start resuscitation
Glasgow Coma Scale (adult)/EMV-score «——NO ]

Eyes open Motor r Verbal r GCS-score
spontaneous obeying commands oriented
to speech localizing confused
to pressure normal flexion words
none abnormal flexion sounds

extension none
nane
+ + =
Trauma Score
Blood plessure Respiration GCS -score Total
»90 mmHg 10-29 / min. 13-15 = Trauma Score
76-89 mmHg 30 or more 9-12 =
50-75 mmHg 6-9 6-8 =
1-49 mmHg 1-5 4-5 =
none none 3 =
+ + =

Figure 55: Data collection on patient for doctor

16.2 Aligning with journey

For the application, a selection of functions was made which
were considered most important in fulfilling the needs of
doctor and captain. These functions are in line with the
needs identified in the analysis phase and described above.
At the same time, the functions implemented had to be
limited so that that the development to a first version of
the application was kept within a realistic time frame. The
following functions were suggested for the application:

- Captain side

0 Structured data collection patient
0 Photo function to create a photo of the
incident
0 Chat
- Doctor side
0 Draw on photo
0 Chat

In figure 57 these functions have been integrated into
screens and plotted against the journey to match the
timings of the functionality. To facilitate the understanding
of the application and the documentation the ‘case’ was put
central in the flow. A suggestion for the design and content
of the case screen was made(Figure 56). The case is also
the first choice the captain has to make when opening the
application. Will he continue with an open case or is there a
new incident.

* Case overview

existing case f
‘e . 5
T. Slijkhuis 09/10/2018 ‘E‘:
07/07/1993
Leg Wound

@Gj} GCs

70
p/min  p/min

Trauma Score 7

Current location
Last Port: Rotterdam, The Netherlands t‘:

Destination: Santos, Brazil
ETA: 14:00

* ¥
. Video Call

Figure 56: Case screen design
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If the captain opens a new case when he is in the judge and
stabilise’ phase, he will be guided through the structured
data collection process. In the structured process he has
to fill in the patient details or select him from a list and is
taken through screens which invite him to fill in vitals in
line with the patient evaluation form(Figure X). All of this
information is added to the case and will be part of the
overview as presented in Figure X. The doctor(s) will receive
anotification that a new case has been made and can choose
to review it.

From this point onward the doctor and captain are in the
‘analyse and diagnose phase’. The captain continues to get
more elaborate information on the patient as the Patient
evaluation form suggests(figure 55 ). The doctor can review
the first patient data, photos and ask the first questions
through chat. The captain and doctor can now inform each
other through the chat function, and the decision can be
made what the right moment is to set-up a live connection.

In the treatment phase, it is the live connection with the AR-
functionality at work. In the after-care, the case based set-up
allows for the doctor and captain to stay in touch. The RMS
doctor in the interview explained how he often does not get
responses to emails or does not ask for a follow up; it is not
his role. According to the doctor of the training centre, there

Capain

on the other

JUDGE & STABILISE ANALYSE & DIAGNOSE TREATMENT AFTER-CARE

Medical expert. edical expert forms
diagnose and gives

are medical scenarios where it is beneficial to keep track
of the vitals and see a potential trend line. Doing this too
often might be too much for the captain, but at least having
contact with the doctor after and talking about the patient to
make sure the patient progresses is monitored. If the patient
is stable and taken care of the case can be closed.

During the analysis phase, there was often discussion about
the difference between acute and non-acute scenarios.
This main service value is in the non-acute scenarios when
the patient is, relatively, stable and skills are performed.
In an acute scenario, there is a need for direct action and
the remote doctor is of less value. It is still possible for a
crewmember to set-up a connection with the doctor and
asks for help, but the focus is on the support on skills.

Patient recovers
_ from incident and
treatment

Captain takes treats
patient as advised by
doctor

‘Capaain treats patient
accoring to advice
Doctor reviews
patients status and
gives advice

The process pn b Firsccheckof If possible More side i
A nciden Stuation and Move patiencto | elaborate
board stability of hospice measures
patient of vitals and Patients vitals.
@t questioning of At the same time the and statws are
w nformed patienc il dicopduionst documented Coneacts RMS for
g patient are observed ollow up
ere is an incident on board which requires medical attention. in the analyse and diagnose phase the patient is researched in part from the first treatment actions in the Judge an uring the after-care the patient is reviewed on his recovery by
':( Th d board which dical In the analyse and d hase th hed Apart from the fi he Judge and During the aft h d on hy b
o4 The story Immediate action is taken to judge the status of the patient, more detail, additional information is gathered on the patient to | stabilise phase, this is the phase during which the next steps of | again measuring his vitals and questiioning him and discussing
S:( stabilise him and prepare for the next step. communicate to the doctor to help him build a good diagnose treatment are taken based on the diagnose and advice these results with a doctor.
Z Time sj i i i
pent 5 min 30m 60 min 30 min
Actions Taken INCIDENT SAFE ABCD ABCD AMPLE CONTACT RMD PREPARE TREATMENT GATHER VITALS | CONSULT RMD
CAPTAIN CaseA | bverview l Ges New case
LoGIN ]| e GCS || Vitals -
Togm ales e Ges " —>| AR LOG IN —
‘aptain utton Vitals gt
«  Make / choose case stip 1 T Photos Existing case
« Basic info (add/update) ¥ ¥
. Patient
. Captain New case ——
. Ship PHOTO Case A Chat
« Photo function Existing case Batent
Captain
« Chat | S Noes
« ARcall d_:.h.ln.lnia_l.l Tages Case A Chit s
« Patient data(add & Select Cantain T Patient
Select Patient Case A Vitds Add Notes N
change) Cyase A . -ase Kinfo Info Vitals
. GCS o EEHD S - Photos| | Notes
. Vltals = Tmages
. fotos [ Video Gal | |t
DOCTOR Notification CaseA [Chat || | [Caen Ton
Patent
Capain
« Login 1 new case = > LOG IN Ship Incoming Call fé:"gl\img
g vals
« New/open cases
. (4B s
« Old cases Adinotes
« Case overview l T
« Draw on picture
«  Chat with captain Open cases |
« AR _funct.mn ) Photo draw AR
« Notification with 1 new Closed cases
case |
« Add notes to (closed) l
cases Dot of
ist of cases Case Z
Patient Add notes
Captain
Ship
Tages
LB]+]

Figure 57: Application functions aligned with customer journey
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17 Final Test

17.1 Test set-up

The goal of the test is to see how well the developed set-
ups on doctor and captain and doctor side perform in
comparison the envisioned set-up which uses only two
stand and two iPads. The test tries to find indications of
increased performance of the 2-way-AR functionality on
communication, ease of understanding of the situation,
ease of understanding and giving of instructions with the
hands. At the same time, the test was also focussed on the
ease of use and ergonomics of the set-ups and the use of the
features, like flexible camera position on the captain side
and control over hand size on the doctors for example.

The scope of this test is to see the full set-up in action in
comparison with the previously envisioned set-up(Figure
59). This is done with an as realistic possible medical scenario
so that it requires communication.

The first set-up of the test is the envisioned set-up which the
project was once started with and is shown in figure 58. The
doctor has a downward facing iPad which is held up with
an iPad stand. The captain has the same iPad stand with an
iPad in there

During the test, the participants have to set an IV using
instructions received through the AR application(Appendix
0). Halfway the scenario they have to stop, and they are
asked to fill in the Nasa Task Evaluation Index, and the
set-up is changed after which they continue. Ideally, the
test is performed with a medical professional on one side
and a captain on the other; this was achieved three times.
If there was no medical professional available due to the
time pressure of the training, the role was fulfilled by the
interviewer.

IPad used 1o

> film and view
/ -

Top view on hands at

/ * doctor side

,Gru:n screen

on table

Both using an iPad stand
with long arm

Figure 58: Set-up 1 for test

The results were evaluated through questionnaires,
observations from video material and interview questions.
The doctor and the captain had slightly different
questionnaires but with similar focusses(Appendix P).
Limitations to the test were that only one scenario was
tested, setting an IV and that some of the participants
had practised this skills very recently in the Medical Care
training. Another limitation was the availability of only two
medical experts during the week to perform the test with. So
only three test could be performed as it was intended with a
participant on the doctor and captain side.

In the test 6 participants took part on the captain side with
an age range of 25-59 and one female and the rest male. Out
of all the participant, only one had extensive experience with
setting an IV, the rest none or just in training(Appendix Q).
On the doctor’s side, two trainers from the medical training
centre participated whom both have extensive experience
in giving instructions. One of the two did the test double
as he did his first with the experienced captain and could
hardly give any instructions. With their participation, the
test could be taken three times as it was intended with a
medical professional on one side and a captain on the other.
The other three occasions the role of the doctor was fulfilled
by the interviewer.

Figure 59: Set-up 2 for test
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17.2 Results final test

Captain

For mental demand, physical demand and effort the scores
for set-up two are 0.8 lower than the scores for set-up one
which means they are slightly better for set-up one(Figure
63). The performance is also better for the second set-up
with a factor of 1.2. The score for frustration is nearly equal
between the two set-ups — the only parameter where set-
up two was scored worse than temporal demand which is 1.4
times higher than for the first set-up.

The reasons why set-up 2 performs better on mental load,
physical demand and effort and higher on performance can
for a large part be contributed to the fact that the camera
is disconnected from the tablet. The disconnection allows Figure 61: Tablet behind work area
the captain to place the camera easily in the desired position
while keeping the focus on the tablet(C1-Cé) as is clear from
figure 62. In their responses to the interview questions
C2, C3, C4 clearly state they prefer the second set up as it
is easier to keep eyes on the tablet and because it leaves an
open work field.

Set-up 1 creates a whole range of challenges for the
captains(Figures 60 and 61). The screen of the tablet is not

Figure 62: Tablet in comfortable position to view over work

visible because it has been placed behind the captain or it
is in the way of his actions. There are two potential reasons
why temporal demand might be higher for set-up 2. The first
is that the quality of the camera was significantly lower for
this set-up as pointed out by captain C3 and Cs. However,
this would most likely have had a higher impact on the
scores mental demand and effort. The second reason is that
with set-up 1 since it was impossible to view the tablet and
work at the same time, the communication and actions were
more split. Every time they were receiving instructions they
would have to pause their actions and re-position to see the
tablet after which they could continue their actions. Set-up B
allows for more seamless communication which could lead
to faster instructions of the doctor and thus lead to a more
rushed feeling.

Figure 60: Impossible position to view the tablet

Final test captain side c1-c6 average TLX scores
25

20
None of the captains experienced a difference between the
hands of the doctor between set-ups one and two. C1 and
10 C3 point out that it is, all the same, you see fingers and hear
. the audio. Overall the captains, also in this test, see the
II . n u . l . l . value. They like t}}e doublg conﬁrrpauon of the. audio and
0 hands(Cé) even with experience it is a good feeling to have
someone watching and giving tailored instructions.

15

Mental demand  Physical demand Temporal demand ~ Performance Effort Frustration

mSet-upl mSet-up2

Figure 63: TLX scores captains
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Doctor

For the doctor’s average scores on the TLX, there is even
less variation between the set-ups than with the captain.
Overall the performance of set-up two is scored marginally
worse than the first by a factor of 0.9(Figure 64). Temporal
demand, effort and frustration all score higher for set-up
two with factors of 1.1, 1.2 and 1.1 respectively. Only mental
and physical demand score better with a lower score for set-
up two with 0.8 and 0.8 respectively.

The advantage of set-up onistheability to change the position
and angle freely to their desires which D1 immediately did.
The effort is the outlier on the scores with a factor of 1.2.
Based on the observations the assumption was that this is
because it takes the effort to raise the hands into the work
area(Figure 66). However, the physical demand is scored
lower for set-up 2. It is more likely that the effort is so high
because both doctors pointed out the reflection of the light
above on the tablet screen made it hard to see.

Figure 65: Doctor changed set-up 1 to his wishes

With set-up one the captain can give the doctor a good
overview but as soon as the captain starts performing the
skills he is very likely to block the view with his hands or
body(Figure 67). This experience is not reflected in the sores;
the doctors do not consider this as the performance of the
set-up.

In the interview questions, D2 pointed out that he felt his
hands were a bit big in screen and bigger than in reality.
The same accounts for D2 he even explicitly mentions that
he feels his hands were too big and he could not always
achieve the detail he wanted. Neither doctors tried to move
their hands further away. With set-up B this is also harder,
they already feel that they have to reach further. From the
observations, it is clear that the set-up is too high up and too
close to the face.

Final test doctor side D1-D3 average TLX scores

e el =
o N & oo O

Mental demand  Physical demand Temporal demand  Performance Effort Frustration

== S AT = <]

ESetupl ®Setup?2

Figure 64: TLX scores doctor for test set-up 1 and 2 in the final test
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Figure 66: Hands have to be kept high up to get them in the work area

Figure 67: Captain blocking the view for the doctor

Communication

More and more it is becoming apparent that a vital part of
the product-service is the communication. The focus on
communication is on the understanding by the doctor of the
captain’s situation and the captains understanding of the
hands by the captain.

Multiple captains(C1 and C3)point out the limited
functionality of the 2-D hands, and also D1 experienced this
when giving instructions. He stated that it might be helpful
to have some tools to show actions with. For this test, the
cannula the captains were using to set the IV for example.
Though the doctors did feel the hands were on the larger
side to give instructions the captains experienced very little
difference.

In the positioning of the camera, the doctor’s needs are
leading. In the conceptualisation, it was assumed that a
camera position in line with the captains perspective would
work best. However, in practice, it turns out the view needs
to change for the doctor to understand but also give the right
instructions, for example, a side view of the needle on the
arm to determine the angle. This is not the same perspective
as the captain, but it is the best perspective for the doctor to
understand and show.

The most important conclusion is that there is a need for
practice or a communication protocol. Even in set-up B
where the captain can see the screen easily, he will still need
to shift attention. When the doctor is giving instructions, but
there is no focus of the captain they go to waste influencing
the performance.
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18 Recommendations

17.1 Captain

For the captain’s set-up it is recommended that the system
consists of the following parts:

- iPad

- The camera on an arm

- iPad arm

For the final set-up, the biggest challenge is to find a new set-
up is a camera. The desired set-up has a flexible stand with a
table connection on to which a camera can be screwed or is
embedded like the iPad stand in Figure 68. The hard part with
either set-up is that it needs to be able to connect with the iPad
and be recognised as a camera input.

For the iPad arm, it is advised that MedAssist.online dig a
little deeper in the needs on board. The current arm is flexible
enough, long enough and can be placed on multiple surfaces.
The limitation of the arm is that the axes have to be tightened
very well making it hard to move the iPad around.

17.2 Doctor

For the doctor, a set-up was explored based on the assumption
that the captains needed more control over the size of their
hands and how the set-up could facilitate this control.

- iPad

- Green screen

- iPad arm

The need for control over hand size is still relevant, but the size
of the work area can be smaller for two reasons. The first is
that the camera in the 2-way-AR application in development is
more zoomed in than it needs to be. So it magnified the hands
more so a very large range(30-50cm) was set. It is advised that
MedAssist.online review the hand’s sizes and go back to the
envisioned set-up with an adjustable arm with the tablet at a
slight angle. For extreme scenarios where the patient is very
far away like with the abdominal search for an example that
a zoom function is built-in in the app controlled by the doctor
so he can digitally control his hand size. Lastly, it is advised for
the doctor set-up to turn the flash on so it is easier for the app
to distinguish the hands from the green screen.

The size of the green screen will have to be recalculated
so that it accommodates for multiple set-ups of the tablet.
The arm with a foldable green screen would make that the
doctor can carry it anywhere. If the doctor set-up is more
permanent a more stand like the design could be made, as
was done in the project, with more control over the angles
and position, so the camera never films around the green
screen. This decision will depend on the set-up of the service
if the set-up can be in a permanent location.

If the set-up would be more permanent in for example a
doctors practise or hospital it has another advantage. This
would give access to tools to help the doctor better show
what to do. A pen could be enough, but it might be beneficial
to consider adding a small selection of medical tools to the
kit to help the doctor.

17.3 Application

In the design challenge, there were two overarching goals.
The first was to increase the confidence of the captain by
increasing the feeling of support with more interactions
with the doctor throughout the journey. The second goal
was to improve the set-ups so that the 2-way-AR technology
could be used as intended.

In the application, the first steps have been taken to increase
the number of interactions by adding a chat function, photo
function and structured data collection process. It has not
been validated if these functions increase the feeling of
confidence as the focus has been on the set-ups for 2-way-
AR. The assumption is made that, based on many responses
in the tests, that the feeling that someone is working with
you ready to step in will achieve this. In the treatment phase,
where 2-way-AR is used this, of course, the case, and many
participants point out the functional as well as the emotional
value of working together and sharing the responsibility.
There as some functions that are not in the current app but
which can be integrated towards V2 to make interactions
more natural and more structured:

- Pre-set questions from the doctor as responses in
the chat

- Checklist with instructions per scenario which can
be shown when video calling to help captain
understand where in the procedure they are

- Draw function on the photos taken

- Timers for data collection on the patient in the
after care to monitor the patient
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Tomake 2-way-ARwork, the set-upson the captainand doctor
side have been developed and tested. Though, especially
on the captain’s side, the new set-up added value for the
captain to use the instructions they did not experience any
difference in the AR instructions. The same counts for the
doctors who did not experience much difference between
the two set-ups in and extend to which they were able to give
instructions. In the current functioning of the hands it is
very much pointing and showing, it is not a 3D animation
of the actions that the captain can see from various sides.
This makes it low cost and easy for the doctor to give custom
instructions to every case. To improve the experience of AR,
there are a few functions suggested for MedAssist.online to
explore:
- Add shadows to hands
- Zoom function on the doctor side to control his
hand’s size

The last area for future development in the app is the
communication between the captain and doctor. In figure
X an exploration of an AR screen is presented. In the screen,
a roster is added to help structure the information, and
there is a button which indicates whether it is action or
communication phase — this way the captain knows when
to pay attention to the screen. However, on the screen, there
is also an image of the doctor meant as if the face cam is
on. This was added to add more confidence for the captain
but can also serve a functional purpose. With the iPad being
behind the work area of the captain the front camera is
most likely directed at the captain. If the front camera is on
during the call the call, the doctor can use the image to see
if the captain is looking at the screen or patient. The second
function which is less defined but could be explored is a
communication protocol. The list of steps in the procedure
suggested above could be a guide in this when these are
shown on screen when video calling.

- Front camera functionality

) The front camera on as small box during
video calling like facetime
- Communication protocol

Figure 68: Possible endoscopic arm for iPad and cameraAliexpress(n.d.)
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19 Conclusion

This thesis was written for MedAssist.Online and the
Technical University of Technology Delft and at its core is
the 2-way-AR technology invented by Dr W. Boon. The thesis
was written as part of a project to set-up a telemedicine
solution for the maritime industry with live video calling
with the addition of 2-way-AR technology.

With the increasing coverage of global satellite and the
dropping prices the opportunities for telemedicine solutions
with a video which communicate over the internet and have
high data transfer are growing. More often than not there
is no doctor on board, and the captain is responsible for the
medical care of his crew. To provide care captains receive
one week of training every five years with medical skills.
There is no practice or training in between the five years and
captains feel insecure and out of depth.

The analysis of the treatment journey and the role of
the captain and the role of the doctor in the journey
gives insight in the needs and feelings of the doctor and
captain and what role 2-way-AR technology could fulfil
in this journey. The conclusion was that, apart from video
conferencing with 2-way-AR for skill support, there is an
opportunity for the application also to facilitate and fulfil
the needs outside the treatment phase. The app was set-up
to be a service which aligns with the treatment journey, and
increases the interactions while also adding data collection
for better treatment and suggestions were made to improve
the feeling of confidence. The challenge of the project was
twofold: first was to increase the confidence of the captain
by increasing the feeling of support with more interactions
with the doctor throughout the journey. The second goal
was to find a way to optimise 2-way-AR interaction so that
the 2-way-AR functionality is a valuable addition to the live
video conferencing — a valuable addition in the sense that
the captain gets more value from the instructions given by
hand than just the verbal instructions from the doctor.

For the 2-way-AR functionality, the tablet and camera
position at the captain side were evaluated. This led to the
recommendation of adding a camera to the captain set-up.
The addition of a camera allows the captain to put the tablet
in a position so that he can quickly view the tablet without
losing focus of the patient or having to move his body
because the tablet is in an awkward position.

Forthe doctor, astand was designed with an integrated green
screen which optimises the size of the work area so that the
doctor can control the size of his hands. From testing the
final set-up, it could be concluded that the size of the hands
is only of minor influence on the instructions. The influence
is minor on the ability for the doctor to give instructions as

well as for the captain to understand them. More significant
factors turned out to be the fact that the hands are presented
in 2D and the ease with which the doctor can get his hands
in the work area.

A returning point of attention during the project is the
communication between the doctor and captain. In earlier
tests, this was attributed to the loss of audio due to bad
internet and the application being a prototype. However,
in the final test, it became apparent that there is a need
for a solution which makes sure the doctor and captain
understand from one another when they are giving and
receiving instructions.

Recommendations have been provided for the future
development and integration of this research in the service.
This project has contributed to moving away from the 2-way-
AR functionality towards a service which provides support
throughout the full treatment journey. On top of that, the
research into 2-way-AR by evaluating camera positions has
generated recommendations to optimise also this part of the
service.
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