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ABSTRACT

The innovation in the methods of teaching is cutyetictated by the evolution of the technologiails and the
diversified and sophisticated environments of frain Augmented reality (AR) is a technology whintréases reality with
images of two or three dimensions generated byctimeputer with the objects and/or information, anakes it possible
for users to interact with them. This is can bedutm in technical and educational contexts. Indeteé applications

based on augmented reality are evolved by offegngat potential in terms of training and teaching.

This article offers an outline of the AR and ifgpkcability by examining the recent developmentshis field and by
exploring its social impact like its implicationsrfeducation and training in particular while talgras example the human
anatomy teaching within the scope of the medicahing on the basis of study and the comparisosashe existing

solutions in the objective to propose an augmeptetbtype of a new solution.

KEYWORDS: Education Technologies, Augmented Reality, MobNpplication, Holographic System, Medical

Training/Teaching, Human Anatomy
INTRODUCTION

In the last years, Augmented Reality (AR) experggh@n increased development and it was integrated i
several fields offering the opportunities to iterssto interact with virtual objects generated wy ¢omputer or the mobile
terminals in the real world. The augmented realjiplications touched several technical fields. &tiacational world too

did exploit this technology to introduce new imnieesforms of teaching and traininfi]

Several research tasks treated technologies of ARedl as the advantages and the challenges abkésn the
educational mediums. Analysis based on 68 reseatties gave results which reveal an increaséénnumber of AR

studies during the last years. The advantage merkaekd is that AR supports the improvement otthi@ing.[2]

Some of the problems raised by AR are the probleimssability and the high frequency of technicabldems.
We did find many advantages of using AR in teachiagtext and training precisely for the medicaldfievhich will be
discussed in detail. Moreover, the current gap&Rnresearch applied to the medical training andpiteestical needs and

problems will be identified and some suggestiorsive proposed for future resear¢]
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This paper is structured as follows: we will bediy the problematic of this study then in a firsttpae will
present the basic fundamentals of AR like its ayayiility by presenting its stakes for education &naihing as well as
various technologies which support it, then in eosel part we will study and compare some existiolgt®ns of the
applications of medical learning relating to thertain anatomy based on augmented reality to end egepting the

assessment of the study made as well as a contlas@prospects for this research task.
Context and Problematic

AR is regarded as a new technology which offers nethods to teach in an effective and gravitatiovey [3].
This technology is very much used in the medicaining area by reason of its multiple advantagedeéd, the AR
(Augmented Reality) technology gives to the studéim¢ possibility of improving the access to the jeab
It mobilizes the environment of training indepenifenf the site and time, by allowing flexibilitynithe higher education
precisely in medical education. Indeed, with thectionalities of AR technology, it supports thedgnts in the complex

subjects of learning, in particular, the subjecaoftomy[4]

This subject implies the anatomy learning in thacfical laboratory of dissection, where there igaposition to
the human body structure, the animals and theriatdrodiesin order to facilitate the training of m@omplex parts of the

human body|[5]

The problematic of this study consists, in genarBéxamining the opportunities offered by the aegted reality
for the education in general and the medical legyim particular through the study of some exissogutions in order to
propose a new prototype of teaching human anatoroyder to innovate and to develop student's mativat

work in group and collaboration between learners.

Augmented Reality in Education: Advantages, Challeges and Technologies

Definition of Augmented Reality and Applicability

The term augmented reality (AR) was presentedexpthined in several different manners. Some regaas a
technology which increases or superimposes a givege of the real world with objects in 2D or 3Dngeated by
computer (CG objects) making it possible for therus interact with theng]. Others regard it as a tool of man-machine

interaction, taking the information generated bgnpater, to complete the real world using some des/iike a camera [7].

Another group of researchers presents it as angameform of experiment in which the real worlceiwiched by

contents generated by the compuigy}.

A fourth group prefers that augmented reality ithea regarded as a concept than a type of techyolog

This could be, according to these researchers, productive for teachers, researchers and creg@jrs.

Indeed, the fact of restricting or limiting the aognted reality to a simple technology reduces iblel bf the
possibilities that it offers. Consider, rather, ARa concept makes it possible to leave the daar tppmore exploration of
the horizons which can be generated and develoded.fact, AR can be the association of ideas,
severalmaterial and software technologies, and ithplementation to have a richer vision of the reebrid.
For example, it is conceivable to have a systemrttakes possible the measurement and the displatyeowindshield of

a vehicle, of the distance separating to him frtwn tehicle in front. Augmented Reality (AR) can dgplied in many
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fields like: Marketing, Gaming, Education, Industiedicine, etd9]
Stakes of the AR for Education and Training

There is a multitude of technologies and tools tat be used in AR and in particular in AugmenteglRy
dedicated to education and training. Consequendydarners (students), in the training environséased on augmented
reality, may be overloaded by great quantitiesmfdrimation in some phases of the training/learrsegsion, by the use of
different technological devices and sometimes hjsoomplex tasks that they have to do. The leamest thus be able to
work in a multitasking context. In certain caseariers must take up the challenge to work in coamsn and

collaboration in a multi-user modg.0]

Because of the massive handling of the devices imsedgmented reality, the number of breakdownghese
components can rise. Consequently some errors €aeierated; such as the erroneous values conungédrdefective
system GPS. Therefore, a strategy of maintenangeamantee good stability is essential. Evenafjpess carried out the
last years in portable and wireless technologiewels as the evolution of last laptops and smaxir@s being able to
integrate high developed cameras, a gps, a wiredessver, a faster processor and a larger memumuid aninimize the
number of the possible breakdowjrkl]

Among the problems of teaching is the non fleiipibf contents being in an AR system dedicateddacation
and training. In certain cases the sequence diitigiis fixed. It is thus not possible, for teacheto modify part of
teaching to adapt it to the specific needs forrtlegirners. This concern can be solved by the tifged'Authoring tools”
(Bergig, Hagbi, El-sanatorium.) what allows thedsmts and the teachers to be able to interveneviser or create
applications or AR activitie§12]

It should be also noted that the tasks envisagex saquence of training in an AR education envimemnmay
suppose that learner had a spirit of synthesiselsag a multitude of competences in various fiekfsace navigation,

collaboration, resolution of problems, mathematestimate etc. But this is not always the case.

Main Technologies of Augmented Reality

3D Technology

3D technology is not recent as one can imagine,gm@d up, even, to the middle of the XIXth centutywas
used to add relief to the old first photographsigshe two-tone glasses called anaglyphs. The iptenof anaglyph was
described since 1857 by Rollman but it is Louis @uau Hauron who finished its development in 188d ¢us

considered as its inventdd.3]

The 3D, also named stereoscopy, can be defindtieaset of the techniques making possible thedihtaving a

meaning of relief for the objects through the reldng of visual information in three dimensions.

There is a deep natural feeling of relief view lné human eye that the 3D image tries to reprodlice.human
eyes, having a distance, which separates thenf) airi on average (called interpupillary distance)ndt save the same

image. It is, rather, the brain which superimpdbesn in order to reproduce the image in relief.
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The principle of 3D technology is to give to thaiior perception of two separated images, so thapitoduces
the relief. The images are thus collected at tmeesame with two cameras, positioned with the saliséance separating
the eyeq 13]

The question is: how to differentiate the left sideage and the right side one so that each eye adgshe

corresponding image?

For that, several techniques can be adoptdédeaanaglyph (two-tone glasses), The passive 38sgta(polarized

projection), The active 3D glasses (alternate ptaa), etc
Holographic Technology

Holography was born following the initiative of D@a GABOR who in 1947 had the idea to observe theng
structure in its three dimensions. The principles\aa follows: To record the phase of the wavesrigariet an object, it
“would be enough” to record the interferences betwthese waves and a simple wave of reference gointm the same
source of the lighting of the object. The photodwapf these interferences illuminated using the evaf/reference alone
would make it possible, then, to restore the wasgigct. Thus optical holography had been born,itsutise was not

possible until the appearance of the first lasetbé years 1960. [16]

The 1970 years were remembered by the passagdicdldmlography towards the numerical holograpthicl
since the years 2000, did not cease developingtipgpfrom technological progress as regards sengbthe camera, of a
storage capacity of data and computing power. liisrgurpose, this new technique has the advanthgwiag access to
the size, to the form and to the space positiothefconcerned object and thjg] while making it possible to project in
space an object in three dimensions, around oftwhiithout helmet or glasses, the spectators aantéuobserve it under
various angles. It is necessary that the imageoggted against a screen or semi-reflective wallich explains why the

specialized companies market them in the form ef‘tiolographic boxes”.

In the beginning, the use of holograms was limit®dhe representation of an image in three dimessierom
now on, the AR applications do not cease developimd) evolving: it is finally possible to controldafeel a holographic
image.

In fact, this innovative technology made it possitd add an interactive and tactile dimension tottaditional
holograms. Consequently, the tactile hologram wa lbhanks to the combination of sensors resulfingy wiimotes
(being used for the detection of movements) anch faogenerator of ultrasounds (creating air volumpldcements). The
latter is fixed on the movements of projection P.€ideo projector) and the unit generates a presatrich is connected

with a tactile feeling on the hand of the userhwaitt contact with a physical matt§t4]

This new technique is very useful in several fidikls industry, medicine, safety and protection. ¥éa find also
holograms in the field of leisure, where holognaphused in the museums for the restoration okwof art for example.
For the people hoping to see holographic filmsrahstill remains some work to be done, because bataght by

holography is not being able to be dealt with kg ¢hrrent instruments of cinematography.

However, the general public holographic applicagiare still embryonic, and run up against sevdrataxles: the

price, first of all, but also returned colors angpbssibility of restoring complex scenes with saletements[15]
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Holography thus has a luminous future in our dgciewill be obviously an engine of future inretions[16]
Comparative Table

Table 1

Criteria/Technology Technology 3D Holographic Technology

. : To record the interferences between the wavels

Illusion of perception of two : . )

o . , having met an object and a simple wave of

Principle separate images given to the human .
T . reference coming from the same source of the

brain, in order to reproduce relief.

lighting of the object.

j*2)

) The anaglyph, - 1960- Optical holography,

Various Generations | - The 3D passivates, .
) 3D active - 1970- Numerical holography
Cinema, Plays, Education, -

Fields Architecture, Industry, Medicine, Industry, Medicine,

Marketing and communications Safety and protection, Leisure, Museums.

- The use of the 3D is captivating,
- In the event of training by the 3D
Advantages information is easier to understang
- To exceed the real and physical
barriers to present an animation
Modes of Possible . Interactive,
. tactile .
Interaction tactile
- obligation to often put 3D glasses,
- sometimes heavy and expensive| Price, returned colors, difficult restitution of

Access to the size, the form and the position in
"the space of the desired object

Limits glasses, complex scenes

- can cause headaches

possibilities of exploitation in

various fields and various . . .
Prospects Engine for future innovations

companies,
3D without glasses

Study and Comparison of Applications of Augmented Rality in Medicine Relating to the Human Anatomy

Introduction

The human anatomy is a discipline having cardinglortance for the comprehension and the studyhef t
components of the human body. Its illustration ddsng history. In fact, it started with the dragsnof the beginning of
the 16th century then with the exposures of plasgith bodies and finally with those known as traresptasolutions based
on the technology of augmented reality which vafiesn a simple mobile application to a holograpsystem or a 3D

workstation[17]

Study of Some Existing Solutions Based on AR Claisid by Category
The Mobile Applications

The mobile learning is becoming a new teachingeang imposed by the increased use of the mobireinals
and the development of the mobile applications chdd for the teaching presenting of the multipleamtages and
offering new possibilities such as the trainingtbe place of work, in education and at the house Jimplicity and the

mobility of the mobile apparatus allow more effeettraining and conservation of knowled{fEB]
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The mobile applications based on augmented reafitydedicated to the teaching of the human anatrmpble
to generate virtual images and making it possiblexplore the anatomy of the human body startioghfa paper medium

on which the 3D objects presented in the real warédsuperimposed.

They require: an aircraft equipped with a webcahel{ges, smart phones, portable computer,...), a méofeen
paper) and an application which will make it poksiio start an action, an 3D animation by pointing marker paper and
the Apk file of the mobile application making it ggble to visualize the details of the human angtavhen it is

superimposed on part of the body.

Like a mobile example of an application dedicatedhe teaching of the human anatomy, we can prdkent
prototype of HUMAR application which functions imet same way as an application based on a teachwhék indicates

educational software conceived for the training sathing in class.

This prototype of application presents a certaimber of functionalities, for example, buttons ofvigation,
information on the subject and of the hypertexkdinThese functionalities were added in HUMAR, fieate interactivity

with the system and to improve the training of ohéhe selected bones.

In order to visualize the augmented or superimpadgect, HUMAR uses the screen of the shelf. The bf the
interaction starts with a marker, who can be sptifke an image on any surface, where the caimietiae shelf works as

a scanner of the image.

In HUMAR, the image is detected like a marker, antheasured by the dimension width. Thereafterctmera
of the shelf detects and recognizes an assignekema@nce a marker was recognized, an applicatistalied on the shelf

will post and superimpose the corresponding 3Dailgja the screen.

The application starts with the real environmenubing the camera of the shelf using a marker énhdndbook
of the laboratory. Once the recognized marker,3heaugmented model is posted and the apparatugpé&rimposed on
the screen, so that the user can see the augmanjat. A user can visualize a 3D model increased part of a bone

when the user moves the camera of the device aftté in the zone of the mark¢t9]
The Augmented Holographic Systems of Medical Traimg

These are holographic systems that allow userxptoe the human body using augmented reality teldyy
based on the use of HoloLens which is a headdnesverlays the 3d graphics generated by The ctanpu a person's
field of vision, a mixture of reality with virtuakality. This headdress allows visualizing 3-disienal holograms. These
are devices based on Microsoft HoloLens technolaltpwing tovisualize the details of the human badythe form of

holograms with the possibility of manipulating it band or by the voice.

As an example, we will introduce the applicationdiAnatomy which allows the user to explore a \aithuman
body, to turn around him by looking at the detaisthe different systems of the body, and seleptad of the body in
order to zoom it. Some of the body sounds are thpred, like the heartbed20]

The application uses hand gestures and speechnigoagor controls; it also uses graphic tags thia inserted

to learn the different anatomical components.
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Several other projects based on this technologynatlevelopment lik@D4Medical, an editor, specialized in the
field of anatomy learning and the project callesber, which is a concept of application of anatomy iixed reality,

based on the use of the Microsoft Hololens head#btthe use of hand gestures for manipulatinguairbbjects.
Simulators or 3d Workstations for Multiple Users

First Solution: the Use of an Augmented Reality Solution Based On the Use of a Scientific Visualization
Screen As Well As Visualization Devices

These are devices allowing to explore the humary itbcbugh an overlay of 3d graphics generated gy th

computer on a person's field of vision, a mixtufeeality with virtual objects.

These devices use virtual work benches, theseaege tetro-screened screens, which form a symbah df. It is
used with shutter glasses and allows several peoplmmerse themselves in the same virtual enviemmThey are

mainly used for scientific visualizatiofi7]

The specificity of this solution is the use of gstific visualization screen as well as visualiaatdevices. The

most necessary equipment are:
*  Virtual work Plan: Screen
»  Shutter bezel: Stereoscopic Vision to see embosisdts-camera
» Locating sensors or marker

Second Solution: the use of an Augmented Reality Solution Based on the " Spatial Augmented Reality",
which can be Trandated as " Augmented Space"

For this solution, users do not wear visualizatienices, but sensors and projectors are instatmehd them and

they will react according to the user. The usel bélable to use a tool to interact with the sunding space[17]

Spatial augmented Reality uses a retro-projectord@ase an object and to provide additional imfation about
it.
3D workstations or Personal Simulators

These are3D systems that allow users to explorbuhean body using augmented reality technologydasehe

use of some components soft and h§td]

These systems are: Anatomy simulator in the formamfaugmented reality workstation, with the follogi

components:

e Virtual reality Viewer-marker

 Eyeglasses

» Connected eyeglasses (SmartEyeGlass): These goggesquipped with cameras, motion sensors, storage
capacity of 32 GB, processor, etc

» These glasses are delivered with proprietary soéwa

e -And a PC with keyboard and mouse or mobile terinina
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Comparaison of Solutions

Comparison Criteria

Before beginning the comparison of the various icumétions of existing solutions of immersive tiagp of the

human anatomy, it is necessary first of all to #figghe comparison criteria which are detailedhe following table:

Table 2

Criteria Description
Functionalities It is about the whole of the cases of use of th#iegtion
It is the technology on which the application isé&@ which can be one
of the technologies presented above.
Corresponds to the degree of innovation and coretin as well as the
ludic aspect of the treated solution.
It is the price of components as well as the neagdsaining for the
development of the solution
The handling of virtual objects by using gesturahéh and voice
recognition
Patentable character of the application| It is abouthe possibility of patenting the solution

Used technology

Teaching interest

Cost

Techniques and Models of interaction

Comparative Table of the Solutions Classified by Gagory

Table 3
: . Holographic Simulato_r or 3d Personal
Mobile Application System Workstation for Simulator 3D
y Multiple Users
. . - Limited: . . .
Technical Functionalities . . - Very Rich Rich Rich
Basic functionalities
Holographic
Used Technology 3D technology 3D 3D technology
Teaching Interest Limited Very interesting | interesting Interesting
Models of Interaction tactile Tacp!e and Tactile and auditive Tactile
auditive
More or less
. . : expensive
Cost Non expensive Expensive Expensive depends on the
material used
Patentable Character of . . . .
the Application not possible possible possible possible

Assessment of the Study and Discussion

Following this study, we can deduce that the apfibms of augmented reality vary from a simple rebi
application to a simulator or workstation while erffig varied functionalities. Indeed, we can sunireartheir
characteristics as following : The functionalitee® mainly oriented to recognize the anatomy aftaal human body, by
looking at the details of the various systems ef blody, and to handle them with the use of gestfréthe hand or the

voice recognition, Also, each application has a ehad precise interaction, these devices are nehafe teaching interest
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and they are intended for a variable number of f[ggop the devices of AR have the same technologiaaé$: smart

glasses and hololens jointly with the SDK, CMS &flframeworks and the cost varies according tanthéerial used.

The contribution of these new devices can be hetpfu

e Associate 3D techniques, with those of augmentatityeto be able to implement and exploit applicat of

immersive training,
» Conceive systems which are ergonomic, effectivey émuse or more generally adapted to their comtense,
» Develop devices or immersive simulators dedicabeithé training,

* Improve the teaching performances and optimizerenwmients of training by the introduction of thehwrigues of

augmented reality.
CONCLUSIONS

The augmented reality in Medicine presents mankestan several levels: technological level (mob#éasors,
terminals, etc), methodological (techniques of lizeéion 3D, generation of environment 3D, visuatin and interaction
3D) and the industrial one. The implementation wéhs systems requires the resolution of the scierpifoblems with
mobile AR, namely the localization, visualizatiamdathe 3D interaction.[17]

This research work aims to study the feasibilityagfroject of realization of a new system of augteeémeality
dedicated for the teaching of the human anatomgriter to explore and illustrate human anatomy bdyarphysical

examination of medical cadavers that it is in teofhiiechnology but also of adoption by the finatnss

As a prospect for this work, we will complete itander to develop a new holographic training syskamed on
augmented reality. We believe that our future aaion is an exploratory project adopting a venyowating technology

which can have many prospects in the medical ingar@nts in education
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