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XR: VIRTUAL AND REAL WORLDS TOGETHER

eXtended Reality (XR)
Real Environment Augmented Reality (AR) Mixed Reality (MR) Virtual Reality (VR)
% 4 4

|
= WHAT IS THE EXTENDED REALITY - XR?

- A TERM REFERRING TO ALL REAL-AND-VIRTUAL COMBINED ENVIRONMENTS AND
HUMAN-MACHINE INTERACTIONS GENERATED BY COMPUTER TECHNOLOGY AND
WEARABLES .

[1] Fast-Berglund, A., Gong, L., & Li, D. (2018). Testing and validating Extended Reality
(xR) technologies in manufacturing. Procedia Manufacturing, 25, 31-38.
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XR: VIRTUAL AND REAL WORLDS TOGETHER

e

\

eXtended Reality (XR)

Augmented Reality (AR)

= AUGMENTED REALITY - AR

- USERS SEE BOTH REAL SCENES AND VIRTUAL OBJECTS THAT DO NOT EXIST IN THE
REAL-WORLD AT THE SAME TIME 2

- VISUALIZATION BY MEANS OF SMARTPHONES OR SMART GLASSES
- INTERACTION LIMITED TO THE INTERFACE OF THE AR DEVICE

[2] He, Z., Sui, X., Jin, G., & Cao, L. (2019). Progress in virtual reality and augmented
reality based on holographic display. Applied Optics, 58(5), A74-A81.
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eXtended Reality (XR)

Mixed Reality (MR)

= MIXED REALITY - MR

- USERS SEE BOTH REAL SCENES AND VIRTUAL OBJECTS THAT DO NOT EXIST IN THE
REAL-WORLD AT THE SAME TIME [2]

- VISUALIZATION BY MEANS OF HEAD MOUNTED DISPLAYS
- INTERACTION USING HAND GESTURES

[1] Fast-Berglund, A., Gong, L., & Li, D. (2018). Testing and validating Extended Reality
(xR) technologies in manufacturing. Procedia Manufacturing, 25, 31-38.
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XR: VIRTUAL AND REAL WORLDS TOGETHER

eXtended Reality (XR)

Virtual Reality

* VIRTUAL REALITY - VR

- USERS ARE COMPLETELY IMMERSED IN A VIRTUAL WORLD AND CANNOT SEE THE
REAL WORLD AROUND THEM .

- USE OF A HEAD MOUNTED DiIsPLAY OR VR CAVE
- INTERACTION WITH CONTROLLERS, HAND-TRACKING DEVICES AND HAPTIC GLOVES

[1] Fast-Berglund, A., Gong, L., & Li, D. (2018). Testing and validating Extended Reality
(xR) technologies in manufacturing. Procedia Manufacturing, 25, 31-38.
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VR AND EMULATION OF 5 SENSES

= SIMULATION OF THE 5 SENSES USING INTERACTIVE DEVICES, WHICH SEND
AND RECEIVE INFORMATION

f Y

- EYESIGHT

« Stereoscopic eyewear
« Head Mounted Displays

- TOUCH

« Hand tracking devices USED FOR
« Haptic devices REHABILITATION

- HEARING
« Headphones

- SMELL
* Ad-Hoc developed devices |

- TASTE
 Prototypes
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FIELDS OF USE

= MILITARY
Training

Flight simulations

= AUTOMOTIVE INDUSTRY

Design and engineering reviews

* HEALTHCARE
Design of medical devices
(Tele-) Rehabilitation
Occupational Medicine

Training & Surgical Planning
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RETAIL

TOURISM

SPORT

REAL ESTATE
ARCHITECTURE
ENTERTAINMENT
ART AND DESIGN
SOCIAL NETWORKS
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TYPES OF VR SYSTEMS

= NON-IMMERSIVE VR SYSTEMS

- A REGULAR COMPUTER DISPLAY (CAD SYSTEMS AND
GAMING)

- INTERACTION USING ONLY MOUSE AND KEYBOARD
= SEMI-IMMERSIVE VR SYSTEMS

- LARGE, CONCAVE SCREEN, PROJECTION SYSTEM AND
MONITOR

- HARD SIMULATORS (COCKPIT) THAT PARTIALLY REPLICATE
DESIGN AND FUNCTIONALITY OF A REAL-WORLD MECHANISM

= FUuLL-IMMERSIVE VR SYSTEMS
- VR CAVE
- HEAD MOUNTED DISPLAY

- INTERACTION BASED ON CONTROLLERS, HAND-TRACKING
DEVICES, HAPTIC DEVICES AND HEADPHONES
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VR CAVE: CAVE AUTOMATIC VIRTUAL ENVIRONMENT

= USE OF 3D PROJECTION SCREENS TO CREATE A
HIGHLY IMMERSIVE VIRTUAL ENVIRONMENT

- DEPTH SENSE USING STEREOSCOPIC EYEWEAR

- INTERACTION WITH WANDS, JOYSTICKS, HAND-TRACKING |
AND HAPTIC DEVICES ' E 2

- DEDICATED ROOM IN THE SHAPE OF A CUBE ,. |
= USER'S MOVEMENTS TRACKED BY O

3D Projector:

A MARKER-BASED MOCAP SYSTEM

- HIGH COMPUTING PERFORMANCE TO SYNCHRONIZE
THE INDIVIDUAL USER’'S PERSPECTIVE WITH HER/HIS

POSITION IN THE CAVE

Pedroli, Elisa, et al. "An immersive motor protocol for frailty
rehabilitation." Frontiers in neurology 10 (2019): 107.
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VR CAVE: APPLICATION AND CoST

= APPLICATIONS

- ARCHITECTURE, ENGINEERING, CONSTRUCTION
- AUTOMOTIVE INDUSTRY
- UNIVERSITIES AND EDUCATION

- MEDICINE AND HEALTHCARE
« Training
* Monitoring and pre-empting diseases
* Planning complex operations
* Rehabilitation

= EXPENSIVE SOLUTION
- AVERAGE CO0ST: 500K €
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VR HMD: HEAD MOUNTED DISPLAY FOR VIRTUAL REALITY

= AVRHMD IS THE MAIN DEVICE TO GUARANTEE IMMERSION IN THE VIRTUAL WORLD
USING CONSUMER TECHNOLOGY

- VR IMMERSION USING DEDICATED UHD DISPLAYS OR A SMARTPHONE
- CONNECTED TO A LAPTOP OR ALL-IN-ONE
- INTERACTION WITH CONTROLLERS, HAND-TRACKING AND HAPTIC DEVICES

= APPLICATIONS

ENGINEERING
AUTOMOTIVE INDUSTRY
UNIVERSITIES AND EDUCATION

MEDICINE AND HEALTHCARE
Training
Rehabilitation
Tele-rehabilitation: based on Web Technologies
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VR HMD: MAIN FEATURES

= MAIN FEATURES OF A VR HMD:

- DEPTH SENSE BY MEANS OF STEREOSCOPIC 3D EFFECT

Left Display
@ Right Display

Left Eye
T
Camera Left B CameraRight Y, Right Eye
Interpupillary distance
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https://medium.com/humane-virtuality/head-tracked-transformations-e7102d3c9789
https://creativecommons.org/licenses/by-nc-sa/3.0/

VR HMD: MAIN FEATURES

= MAIN FEATURES OF A VR HMD:
- DEPTH SENSE BY MEANS OF STEREOSCOPIC 3D EFFECT

- LARGE FIELD OF VIEW (FOV)
« HMD should cover as much of the vision range as possible
* Horizontal FOV: 135°
« Vertical FOV: 180°

180°

Vertical FOV
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VR HMD: MAIN FEATURES

= MAIN FEATURES OF A VR HMD:

- DEPTH SENSE BY MEANS OF STEREOSCOPIC 3D EFFECT
- LARGE FIELD OF VIEW (FOV)

- ROTATIONAL TRACKING
« Tracking orientation of the head

« Embedded gyroscope, accelerometer and
magnetometer

SRl T N UNIVERSITA Jipartimento
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VR HMD: MAIN FEATURES

= MAIN FEATURES OF A VR HMD:
- DEPTH SENSE BY MEANS OF STEREOSCOPIC 3D EFFECT
- LARGE FIELD OF VIEW (FOV)
- ROTATIONAL TRACKING

- POSITIONAL TRACKING
» Performed with motion capture systems
e Sensors and cameras external to the HMD

« Tracking of the position of the user's head, body and hands
anywhere within the volume of motion acquisition

 Rotations and translations
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VR HMD: MAIN FEATURES

= MAIN FEATURES OF A VR HMD:
- DEPTH SENSE BY MEANS OF STEREOSCOPIC 3D EFFECT
- LARGE FIELD OF VIEW (FOV)
- ROTATIONAL TRACKING
- POSITIONAL TRACKING

- EYE TRACKING

« Embedded sensors to track the movements of pupils

* Measuring how long the user is staring at a particular area .
in the FOV
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VR HMD: MAIN FEATURES

= MAIN FEATURES OF A VR HMD:
- DEPTH SENSE BY MEANS OF STEREOSCOPIC 3D EFFECT
- LARGE FIELD OF VIEW (FOV)
- ROTATIONAL TRACKING
- POSITIONAL TRACKING

- EYE TRACKING

= THESE FEATURES DEFINE THE COST OF EACH SPECIFIic HMD

7o "5 | UNIVERSITA | Dipartimento
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COMMERCIAL HEAD MOUNTED DISPLAYS
= Low-Cost HMDs (10 € - 150 €)

= ENTRAINMENT HMDs (350 € - 2000 €)

= PROFESSIONAL HMDs (HIGHER THAN 2000 e)

f}/MQ
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HAND TRACKING DEVICES

= DEVICES AD-HOC DESIGNED FOR TRACKING HANDS, PART OF THEM AND
THIN OBJECTS HELD IN HAND

- OPTICAL MARKER-LESS SYSTEMS ‘

 Microsoft Kinect Azure device

« Ultraleap Leap Motion device
« Embedded in HMD : I

¥

- GLOVES WITH INERTIAL SENSORS

e Manus VR
e Senso Gloves

= USED FOR HAND MOTOR SKILLS REHABILITATION

SN | UNIVERSITA | Dipartimento

@/ﬂﬂ )i | DEGLISTUDI | diingegneria Gestionale, 26
'7‘/h\{ nqﬁ ; DI BERGAMO dell'lnformazione e della Produzione

YO




HAND TRACKING DEVICES

= TRACKED DATA: POSITIONS, ORIENTATIONS, LINEAR AND ANGULAR
VELOCITIES, ACCELERATIONS

= MAIN PARAMETERS TO CHOOSE THE RIGHT HAND-TRACKING DEVICE
- COST AND EASE OF USE
- SENSITIVITY TO TRACK SMALL MOVEMENTS OF HANDS/FINGERS

- EASE OF SOFTWARE DEVELOPMENT (SDKS, DOCUMENTATION, SOFTWARE
INTERFACES WITH OTHER PLATFORMS)
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HAPTIC DEVICES

= EMULATION OF TACTILE SENSE DURING THE INTERACTION WITH VIRTUAL
OBJECTS

-  FORCE-FEEDBACK
- TEMPERATURE

- SOFTNESS
= HAPTIC GLOVES

- WEART

- SENSE GLOVE
= USED FOR HAND MOTOR SKILLS REHABILITATION
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HAPTIC DEVICES

= MAIN PARAMETERS TO CHOOSE THE RIGHT HAPTIC GLOVES

- INTEGRATION WITH THE HMD

- EASE OF SOFTWARE DEVELOPMENT (SDKS, DOCUMENTATION, SOFTWARE
INTERFACES WITH OTHER PLATFORMS)

" THE LAST GENERATION OF VR GLOVES EMBEDS BOTH HAND-TRACKING
AND HAPTIC FEEDBACK

A% | UNIVERSITA | Dipartimento
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VR DEVICES FOR SMELL

= A SET OF PHIALS THAT CONTAIN DIFFERENT SCENTS

- A MICROCHIP OPENS A PHIAL AND ALLOWS THE INHALATION OF A SCENT ACCORDING THE
INTERACTION WITH THE VR ENVIRONMENT

- NEED OF PREDEFINED SET OF PHIALS

 Tropical beach
* Pine Forest
 Wildflower fields

- COMMERCIAL DEVICES READY TO BE MOUNTED WITH VR HMDs

- CoST: APPROXIMATIVELY 250 €
« OVR Technology OX1
* Feelreal Sensory Mask

= USED FOR NEUROLOGICAL REHABILITATION
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DESIGN OF NATURAL USER INTERFACES (NUIS) FOR VR

= WHATIS A NUI?

- A NUI IS A USER INTERFACE DESIGNED WITH THE AIM TO ACHIEVE A DIRECT AND CONSISTENT
INTERACTION THROUGH A NATURAL HUMAN BEHAVIOR, WHICH ENABLES THE USER TO REACH

HIS/HER FINAL PURPOSE.
= GooD NUI FOR VR FOLLOWS 3 FUNDAMENTALS: S
- IMMEDIATE UNDERSTANDING

- PROGRESSIVE LEARNING

- DIRECT INTERACTION

= DEFINE THE VOCABULARY OF GESTURES TO DEFINE THE INTERACTION STYLE OF
THE NEW VR APPLICATIONS

- INCREASE THE ADHERENCE OF THE THERAPY FOR REHABILITATION
 Definition of tutorials for a correct interaction
 Auditory Feedbacks and Textual Helps
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DEVELOPMENT ENVIRONMENTS FOR VR

= SOFTWARE DEVELOPMENT TOOLS ORIENTED FOR THE DESIGN OF
VIRTUAL ENVIRONMENT AND THEIR INTEGRATION WITH VR DEVICES

= MAIN FEATURES TO CHOOSE THE RIGHT DEVELOPMENT TOOL:
- NO NEED OF HIGH SKILLS IN COMPUTER GRAPHIC DEVELOPMENT
- ACCESSIBLE DOCUMENTATION (TUTORIALS, EXAMPLES)

- USEFUL PLUG-INS FOR INTERFACING HMDS, HAND-TRACKING DEVICES AND
HAPTIC GLOVES

Y [ Qunity

ENGINE
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METHOD TO DESIGN VR SERIOUS GAMES FOR REHABILITATION

= MAIN CHALLENGES TO INTRODUCE VR SERIOUS GAMES IN TRADITIONAL
REHABILITATION

- PHYsICAL THERAPY ADHERENCE

- BOTHFOR MEDIUM-TERM REHABILITATION PROGRAMS AND FOR LIFE-LONG PRESCRIPTIONS
FOR CHRONIC PATIENTS

 DIFFICULTIES TO SCHEDULE PHYSIOTHERAPY
- LACKOF MOTIVATION OR TRUST
« ECOLOGICAL VALIDITY: THE ABILITY OF A RECOVERY PROCESS TO REHABILITATE PATIENTS
TO REAL LIFE
- USER EXPERIENCE WITH VR TECHNOLOGIES
 DESIGN OF VR SERIOUS GAMES ACCORDING TO PHYSIOTHERAPISTS' RECOMMENDATIONS
« CUSTOMIZABLE FOR ANY PATIENT
« BASED ON DAILY LIFE TECHNOLOGIES (LOW-COST PHILOSOPHY)
« FORBOTH REHABILITATION CENTER AND AT HOME (TELE-REHABILITATION)
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THE MAIN STEPS OF THE METHOD

- Meeting with physicians and
physiotherapists

- Formalization of domain rules and
evaluation guidelines

- Extrapolation of specific
functionalities

- Evaluation of the technological

feasibility
Publffed
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- VR devices: HMD and Hand-
Tracking devices
- SDKs of VR devices

- 3D acquisition technologies for
realistic 3D environments

- Free/Open Source software
development tools

- Data storage techniques

- User interface for medical
personnel

- Automatic elaboration of data to
obtain medical information

- Generation of medical reports
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MEDICAL ASSESSMENT TEST OF EXTRAPERSONAL
NEGLECT USING VIRTUAL REALITY

LEFT SIDE RIGHT SIDE

(NEGLECTED
FIELD OF Vi

A RS 3 :
o ) %) g et e o NIRRT '
\PATIENT'SVR ENVlRONMENy K PHYSICIAN’S 3D SCENE /
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MEDICAL CONTEXT

= UNILATERAL SPATIAL NEGLECT ALSO KNOWN AS NEGLECT DISORDER.
NEGLECT IS CAUSED BY A LESION OF THE RIGHT/LEFT HEMISPHERE OF THE BRAIN
THE PATIENT'S INCAPABILITY TO BOTH PERCEIVE AND KEEP ATTENTION AT OBJECTS, PEOPLE

AND REPRESENTATIONS POSITIONED IN THE VISUAL HEMI-FIELD THAT IS CONTRALATERAL TO THE
BRAIN LESION

THERE EXIST SEVERAL TEST FOR THE EVALUATION OF NEGLECT SYNDROME TO IDENTIFY THE
LEVEL OF DEFICIT ACCORDING TO THE SPECIFIC SPACE

THERE IS THE LACK OF AN OBJECTIVE AND DETAILED TEST (I.E., A GOLD STANDARD) FOR THE

EXTRAPERSONAL NEGLECT
g
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AIM

= THE EXTRAPERSONAL NEGLECT IS ASSESSED BY USING REAL OBJECTS POSITIONED IN THE SPACE AROUND THE
PATIENT, WITH A POOR CAPABILITY OF REPETITION AND DATA GATHERING

= THE AIM OF THIS RESEARCH WORK IS THE INTRODUCTION OF A VR SOLUTION BASED ON CONSUMER TECHNOLOGY
FOR THE MEDICAL ASSESSMENT

= DESIGNED IN COLLABORATION WITH PHYSICIANS AND PHYSIOTHERAPISTS

ﬂ;\f\l\ UNIVERSITA
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MEDICAL FUNCTIONALITIES

Patient has strong difficulty to consider the existence of objects placed in the part of field of view
relative to the controlesional side

¥

= The goal of the serious-game is to identify and say aloud everything the patient sees on a
table

= Consumer IT with high usability

= Remote monitoring of the extrapersonal neglect test by medical personnel

= Monitoring of patients’ head movements

= Nodirect patient’s interaction with the virtual world

= Automatic generation of data report useful for medical assessment

X
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MEDICAL FUNCTIONALITIES

Patient has strong difficulty to consider the existence of objects placed in the part of field of view
relative to the controlesional side

¥

= The goal of the serious-game is to identify and say aloud everything the patient sees on a
table

= Consumer IT with high usability

= Remote monitoring of the extrapersonal neglect test by medical personnel

= Monitoring of patients’ head movements

= Nodirect patient’s interaction with the virtual world

= Automatic generation of data report useful for medical assessment
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MEDICAL FUNCTIONALITIES

Patient has strong difficulty to consider the existence of objects placed in the part of field of view
relative to the controlesional side

¥

= The goal of the serious-game is to identify and say aloud everything the patient sees on a
table

= Consumer IT with high usability

= Remote monitoring of the extrapersonal neglect test by medical personnel

= Monitoring of patients’ head movements

= Nodirect patient’s interaction with the virtual world

= Automatic generation of data report useful for medical assessment

LEFT SIDE RIGHT SIDE

(NEGLECTED
FIELD OF VIEW)
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DEVELOPMENT TOOLS

THE WHOLE VR PLATFORM HAS BEE DEVELOPED USING LOW-COST AND FREE
DEVELOPMENT TOOLS

SOFTWARE: UNITY E BLENDER @ :

HARDWARE: HTC VIVE PRO

o haNs | UNIVERSITA | Dipartimento
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SOFTWARE ARCHITECTURE

EXTRAPERSONAL NEGLECT VR TEST

Motion data recording for medical assessment
Voice recognition for object selection

UNITY HMD HTC Vive Pro
Universal Windows Platform for Head Tracking for motion data
voice recognition recording

Networking between patient and
physician for real-time valuation Microphone for voice recognition

Data exporting Rendering of

Visualization of recorded sessions 3D scene

5 % | UNIVERSITA
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How THE VR PLATFORM WORKS

PATIENT’S VR ENVIRONMENT

- 3 3

- y -

- =

i - -
. £
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o - »
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MEDICAL REPORT

= HEAD ROTATIONS AND TIME TO RECOGNIZE EACH 3D OBJECT

HEAD ROTATION

TABLE RIGHT SIDE

Head Rotation [°]

TABLE LEFT SIDE

UNIVERSITA Dipartimento
DEGLI STUDI di Ingegneria Gestionale,
DI BERGAMO dell'informazione e della Produzione
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VIRTUAL REALITY PLATFORMS FOR THE MEDICAL REHABILITATION OF
SEVERE MEMORY LOSS AFTER BRAIN STROKE

UNIVERSITA | Dipartimento
DEGLI STUDI | di Ingegneria Gestionale,
DI BERGAMO | dellInformazione e della Produzione
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I
MEDICAL CONTEXT

* SEVERE MEMORY LOSS, IN PARTICULAR RETROGRADE AMNESIA
= AMNESIA IS USUALLY CAUSED BY BRAIN STROKE

= THE PATIENTS CANNOT REMEMBER EVENTS OR INFORMATION ACQUIRED BEFORE A BRAIN
STROKE

= GIVEN THE LOW PROBABILITY OF SPONTANEOUS RECOVERY OF MEMORY, IT IS NECESSARY
TO ESTABLISH A SPECIFIC REHABILITATION PLAN FOR EACH PATIENT

"= THE TRADITIONAL PROCEDURE CONSISTS IN SHOWING PICTURES OF THE FAMILIAR PLACES
BOTH TO STIMULATE RESIDUAL MEMORIES AND TO ASSESS WHAT THEY CAN RECALL

» THERE EXIST SEVERAL VR SERIOUS GAMES WHICH SHOW POTENTIALITIES COMPARED TO
THE TRADITIONAL TEST

Brain injury
Retrograde Amnesia Anterograde Amnesia

- » ™
- > hl

h 4

Ny y Time
Birth g ) Present Day
LacunarAmnesia
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AIM

= |[MPROVE NEURO-REHABILITATION EFFECTIVENESS FOR RECOVERING THE LOST MEMORY BY
MEANS OF VR

- INCREASE ECOLOGICAL VALIDITY
 Reproducibility of real environments
* Customized for each patient

- 3D SCANNING PROCEDURE TO REPLICATE FAMILIAR ENVIRONMENTS
 Feasible with low-cost 3D scanners
* High realistic

- VR SERIOUS GAMES TO INTERACT WITH THE FAMILIAR ENVIRONMENT
« Search a series of objects positioned around the environment

« Memorize the familiar environments
« Specific task for recovering memory

= UNIVERSITA | Dipartimento
iz DEGLI STUDI di Ingegneria Gestionale,
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MAIN FEATURES

= REMOTE MONITORING OF THE MEMORY TEST BY MEDICAL PERSONNEL
= MONITORING PATIENTS' MOVEMENTS AND THE OBJECTS FOUND
= AUTOMATIC GENERATION OF DATA REPORT FOR MEDICAL ASSESSMENT
= RECORDED DATA:

- KINEMATIC DATA RELATED TO THE MOVEMENT OF HEAD AND HANDS IN 3D SPACE

- TIME REQUIRED TO FIND ALL THE OBJECTS
- THE LIST OF FOUND OBJECTS

— T
AN = \

Real environment Virtual environment

577 Ha N5 | UNIVERSITA
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di Ingegneria Gestionale,
delllnformazione e della Produzione
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DEVELOPMENT TOOLS

SOFTWARE: Unity, Blender and Skanect

\(

o
()
Serious Game _ .
Development 3D Modeling 3D Scanning
HARDWARE: HTC Vive Pro and Structure Sensor (supported by an i-Pad)
“““ % | UNIVERSITA | Dipartimento 49
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SOFTWARE ARCHITECTURE

UNIVERSITA
DEGLI STUDI
DI BERGAMO

1. ACQUISITION & MODELLING 3. DATA RECORDING AND MEDICAL MONITORING

o
fo
o

Recorded data: the physician can
see the replay of each
performance

Structure sensor and Skanect
for the 3D acquisition of the
familiar environment/objects

-

Add texture, clean and export
the acquisition in “.obj’ file
format

&

Modelling the acquisition with
Blender and export in “.obj’ file

Patient doing test and physician
can see in real time a virtual
faithful replica

G MEMORY

The physicians choose the familiar
environment and the objects to
be found and then, starts the test

format
= = Al_j;
2. ASSOCIATION BETWEEN ENVIRONMENT AND GAME LOGIC
Create the 3D virtual room in Unity starting by Exporting of the Unity package: Interface with the VR HTC VIVE Pro for
the interactive closets or dressers patient-specific Unity Project the patient’s interaction
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DEVELOPMENT OF THE SERIOUS GAME
= DESIGN OF AN INTERACTIVE 3D ENVIRONMENT Q unity

- DEVELOPED WITH UNITY

- SEGMENTED ROOM RESPONSIVE TO THE USER INTERACTION

 Traditional interaction style
« Virtual and Augmented Reality

= (GAME LOGIC ACCORDING TO MEDICAL SUGGESTIONS
- UNITY SCRIPTS EASILY REUSABLE ONLY CHANGING THE 3D SEGMENTED MODEL OF

THE HOME ENVIRONMENT
- 3 LEVELS OF ENTERTAINMENT

« "“Explore” Objects to be found
 "“Object by Object”
* “Treasure Hunt"

o haNs | UNIVERSITA | Dipartimento 51
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How THE SERIOUS GAME WORKS

-~
®

ON-LINE DATA
EXCHANGE

PATIENT’S VR ENVIRONMENT/ \ PHYSICIAN’S 3D SCENE /

UNIVERSITA Dipartimento
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MEDICAL REPORT

= CALCULATION OF AVERAGE DELAY FOR EACH PAIR OF OBJECTS

Starting position Final position Path time (P,) [s] Reference time (R,) [s] Deviatli)ari En:':{nt] [<]
1= Pr- Ry

Initial Headphones 27 19 8
Headphones Cereals 37 22 15
Cereals Vacuum 23 19 4
Vacuum cleaner Clothes 27 23 4
Clothes Dishes 34 17 17
Dishes Cheese 13 5 8
Average delay [s] = % 9

3;7/\'*:*"m\°’°°,, UNIVERSITA | Dipartimento
H lq,]/\ﬂ )¢ | DEGLISTUDI | dilngegneria Gestionale,
:/n\{ -’ﬂﬁ\" DI BERGAMO | dellinformazione e della

Yy



	Slide 1: XR for Rehabilitation
	Slide 2: Outline
	Slide 3: XR: virtual and real worlds together
	Slide 4: XR: virtual and real worlds together
	Slide 5: XR: virtual and real worlds together
	Slide 6: XR: virtual and real worlds together
	Slide 13: VR and emulation of 5 Senses
	Slide 14: Fields of Use
	Slide 15: Types of VR systems
	Slide 16: VR CAVE: Cave Automatic Virtual Environment
	Slide 17: VR CAVE: Application and Cost
	Slide 18: VR HMD: Head Mounted Display for Virtual Reality
	Slide 19: VR HMD: main features
	Slide 20: VR HMD: main features
	Slide 21: VR HMD: main features
	Slide 22: VR HMD: main features
	Slide 23: VR HMD: main features
	Slide 24: VR HMD: main features
	Slide 25: Commercial Head Mounted Displays
	Slide 26: Hand Tracking Devices
	Slide 27: Hand Tracking Devices
	Slide 28: Haptic Devices
	Slide 29: Haptic Devices
	Slide 30: VR devices for Smell
	Slide 31: Design of Natural User Interfaces (NUIs) for VR
	Slide 32: Development Environments for VR
	Slide 33: Method to design VR Serious Games for Rehabilitation
	Slide 34: The main steps of the method
	Slide 35: MEDICAL ASSESSMENT TEST OF EXTRAPERSONAL NEGLECT USING VIRTUAL REALITY 
	Slide 36
	Slide 37
	Slide 38: Medical functionalities
	Slide 39: Medical functionalities
	Slide 40: Medical functionalities
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45: Virtual reality platforms for the medical rehabilitation of severe memory loss after brain stroke
	Slide 46
	Slide 47
	Slide 48
	Slide 49: Development Tools
	Slide 50: Software architecture
	Slide 51
	Slide 52: How the serious game works
	Slide 53: Medical report

