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Summary

| did my graduation as part of an Immersive Media project set up by Saxion, The Virtual Dutch Men and

Sense Glove to build a VR applicatiith Unity where userganplay music instruments using Sense

17T O0A60 62 CI 1T OAO8 ! liciedrs demongratidnivided Ehkre MuBitidasicAnde x A O (
seen playing music using the applicatibmvorkedat Saxiortogether with two other on this project. We

received older glove prototypes to work with at firgtissing out on sideways finger tracking amaiotic

and force feedback. We would only have development time with the newer prototypes at the end of the

project after the timeframe of this report.

My research was abotite designing o¥irtual reality music instrumentsaking use of them witthe
Serse Glovegresearching/R glovdeatures virtual reality music instruments a8D audio
spatialization.

Theproject was set up to worikeratively with sprints. Aa certain point in the project dhe end of those
sprints a musician onboard with the pecf would come by to test the prototype and afterwards fill in a
guestionnaire | developed witie design principle$ found when researching virtual reality music
instruments.

After crude versions of a piano, a drum and a xylophone we set out to myiftlzesizer keyboard. It

features a sample preset system, a sustain function and the keys have velocity response totbbange

volume of samples being triggered according to how hdrel keysare hit. Thekeysdb 8 O | AEA OOA 1
regular physics solutioras theyare problematic with VR glovelsut make use ofollider areas beneath

the keys andise a script to animattine visualkey objectaccordingly to how far the fingers are down.

4EA OOAO AT AO1I 60 ET OAOAAO xEOE OEA OEOOAI EAU 1 AE
The testingwent a bit problematic as after the gloves were sent back to Sense Glove for repairs the

finger and wrist tracking were still bad and the gloves showed other faults. The audiovisual response

the instrumentisgoodandthere were no complairst about cyber sicknesghe instrument being closely

modeled after real worldountemparts is assured with natural mechanisms although it lacks magic

mechanisms that extend the instrument past real world limitations. The instrument also lacks the ability
to give the sense of giving a performance.
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Abbreviations

Abbreviation

Explanation

AR

Augmented Reality

CAD

Computer Aided Design

HMD

Head Mounted Device

HRTF

Head Related Transfer Function

IMU

Inertial Measurement Unit

MR

Mixed Reality

SDK

Software Development Kit

VR

Virtual Reality

VRE

Virtual Reality Environment

VRMI

Virtual Reality Music Instrument
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1. Introduction

1.1.Reason

1.1.1. Graduation assignment

y8i AT ET C 1 U toedviniréive Glédia projeddichesti VVRspanning two quartiles

working together with a group of students on a solution. In this chseproduct to be build is a VR

(Virtual Realityjppplication prototype where users can play instruments in VR. Foritgebpart the

PDOT EAAO EO AAIT 6O OEA cCcii1 OAO 01T 3ATOA '11 OAh
finger movement and eventually we should detusethe prototypes thatfeaturehave forceand haptic
feedback We also have a motiorackingsystemavailable to ushat works with individual trackers by
Enliven 3D.

1.1.2. Client company outline

The Virtual DutctMen is the main client for thproject. The Virtual Dutch Men was first launched as a
subsidiary ofArchivisionand was founded in 2014 house the VR projects the company started

pursuing. This happened around the time Oculus Rift and other VR technologies started to pop up, the
Virtual Dutch Men being one of the first companies to seek contact with the comphuiiging the VR
systemsIn 201 7he two companies have merged to continue as The Virtual Dutch Men.

1.2.0bjectives

1.2.1. Question of the client

Build a prototype wher¢he usercan play music instruments with the Sense Glewviial realitygloves
optionally combned with the Enliven 3D motion capture system. There should be atdeast

instrument, but when possible rather multipleaptured as close as possible to how the real instrument
would play. Optionally it would be nice if tlemvironmentwould react (visally) to the music played.

1.2.2. Products or services that are needed
At its base the project is sap to research and test the capabilities of the gloves (and the Enliven 3D
motion sensor system) and to see what can be done with it interaction wise.

1.2.3. Parties concerned

The mainstakeholderis The Virtual Dutch Men, we can contact them for support with programming or
the gloves/motion capturing systenfrurthermoreSenseGloveandEnliven 30are also involved with

their technology and support. Next to th&axiontogether withthe studentsare also stakeholders

1.2.4. Team and our plan

I work on this project together with the students Luca Frosler and Mattia Lorenzetti. Luca will do
programming and other tasks and Mattia will be handlivegarly allof the visual aspestwith all the
modeling, texturing andhe writing of shaders. | myself am chosen as leader so netktd@rogramming
| will dothe managingporganizingand planning of the main project next to my own graduatidihe idea
is to work iterativelyn two week long sprints during the project, startingith very crude versionsf
instruments.

OE £



1.2.5. What does the client want to do with the results?

At the end of the project The Virtual Dutch Men wsatvideo ofademonstration showcasingactual
musicians playingnstruments in VRvith the Sense Glovgsvhere we can optionalliynvolve the Enliven
3D motion tracking systemn

Because we are working with prototypeauch of this will be new and knowledge gained might be
interesting to parties involved

1.2.6. Limiting conditions &project boundaries

We are working witlprototypes anchave been warned about hotle systems might not be user
friendly. At the beginning of the project we wile evenworking with older less advanced prototypes.
Due tosomehassles (not to be diktsed)the Enliven 3Dnotion tracking system has gotten less focus.

The Virtual Dutch Men have sttte following project criteria:
9 The prototype should contain at least one instrument (multiple if possible) captured as close as
possible to the real deal.
9 Optional:Have he environmenteactingto the music played.
1 Optional: Play togethewith others

Deliverables should be:
91 Detailedinstrumentconcept(s) challenging the limits of the technology involved.
1 A prototype VR application where the user can playsio using the Sense Glove (and Enliven 3D
motion tracking system).
1 Avisual interesting portfolio item for all parties involved (promo video).

The deadlinedr the projectwas broadly definedhe end of the Immersive Media projecit the
beginning of Jly when the presentation should be heldor my graduation this moment comes earlier.

2. Preliminary problem definition

Creating a VR application to play music instruments is a good use case for testing the capabilities of the
gloves Whensuccessfuit will be anice way of showinthe possibilities of the glovesjgplaying

musicians playing instruments in VR comfortably wdlitainlyhelp support it.



3. Theoryframework

3.1.VRGloves
Gloves that track finger movement and communicate the measurements with a atenpave been
AOT OT A OET AA OEA Xi n o8 08 (HllendNhitz, &d)I OAO AOA AAT 1T AA

3.1.1. Data gloves

Before VR systems likbe Oculus Rift and HTC Vive started to break through these glovegjohly

much attentionfrom the industrial sector. With exceptions like Nintendo releash@ O 00T R AO ' 11 O/
1989for the NES Nintendo Entertainment Systerecognizing256 different hand positionghe first

data glove concept for video gamds$ASA was the first the pursue VR with data gloftésllandMoritz,

n.d.).

'T AgAiI BT A 1T £ O A Adbéedardk ih dadr@nddfadiude] Din@poluctionEs usedl O A

to check if workers are holding the right parts or are performing the tasks in line with the process. They

are also used to simulatthe assembly beforgé ®é&nQ build(Holland-Moritz, n.d.)

Data gloves are also used to teach adaptable robot arms by recordmatmovement, creating robots
that support humans in their worHollandMoritz, n.d.)



3.1.2. The arrent state of VR gloves

Tablel

Competing gloves compared

CaptoGlove Dexmo Gloveone Hi5 gloves
exoskeleton
Applications AR(Augmented AR, VRand MR VR VR
Reality) VR, (Mixed Reality)
regular gaming, (with training,
robotics, medical,
healthcare and educational and
drone control gaming) and
motion capture
Platform support Smartphones Computer, Oculus Computer Computer
(Android & i0S),  Rift, HTC Vive (Windows) (Windows)
computers PSVR and
(Windows), smart HoloLens
4660 Al A
SDK / Plugins C++, C#Unity and  LibDexmo C++, C# and Unity Unity and Unreal
Unreal Engine Engine
Input latency - 25msz 50ms - +5ms
Third party arm  Yes Yes Yes Yes
tracking required
Force feedback No Yes No No
Haptic feedback No No Yes Yes
Wireless BTLE 4.0 NRF BTLE 2.4GHz RF
Battery Yes 2000mAh LiPo 800mAh LiPo Replaceable AA
Battery life 10 hours 6 hours 4 hours 3 hours
Weight - 320g - 105g
Washable Yes - - -
Purchasable Yes Yes No Yes
Price $ 870; TBD/$12.000, - $ 999;
Source(s) 0G.dz2 /+F1045SEGlF VvoaDf 2052641 2YS
online and get YORDPT &t +ANlidzad t \Df 2@3S3¢
worldwide 58EGE w2 ind)

AKALLMAY3:

n.d.; My digital life,

G/ FLXG23t ind)

at fdza3 3
platform
compatibility and
more features

/ I LIi2Df 2 ¢




Table2

Conpeting gloves compared continued

HaptX Manus Senso Glove VRfree glove
VR gloves system

Applications VR (training, VR (training VR and AR VR
simulation, simulations,
location-based arcades) and
entertainment motion capture
anddesign and
manufacturing)

Platform support Computer Computer Computer and Computer

(Windows), HTC Smartphone
Vive, Xsens, (Android)
PhaseSpace,

OptiTrack and

Vicon

SDK / Plugins HaptX SDK Unity  Unity, Unreal C++, Android, Unity and Unreal
and Unreal Engine and Unity and Unreal Engine
Engine Motion Builder Engine

Input latency - 5ms 10ms <30ms

Third party arm Yes Yes No No

tracking required

Force feedback Yes No No No

Haptic feedback Yes Yes Yes No

Wireless No 2.4 GHz Yes Yes

Battery No Varta power cells Yes 700mAh

Battery life - 3-6 hours 10 hours O,11Cé8

Weight - 68.5g - -

Washable - Yes (inlay) - -

Purchasable No Yes Yes No

Price - Q Xii ®h $599 -

Source(s) 0al FLIi- odGal ydza oabfgenso 6aG+wFNBS
gloves for VR Order the Manus Glove |Senso a&daidSyxze
training, VR Development { dZA 1 Z¢ H axwFNBS
simulation,and YA (GXé yda{Syaz =+ system]|
RSaA3dy>é at N2 RdzOG Interactivevitual LY RA S32 3
G ¢ SOKy 2 f information and augmented
I F LI - ¢ REFEOGFAKSSNBFEAGRES




Figurel CaptoGlovej O# ADOT Ci.1 OAhd 1 8A8(Q

CapibGlove started out as a tool for themabilitation of stroke victimgMorgan, 2018)The gloves are
touch screen compatiblend with them you can use gestures tntim! for example drones that are

controlled by a smartphong 01 OC © 01 AUR AOI 0O PiI ACAEAOIDT Al il BDAG B

n.d.)

Figure2. Dexmo exoskeletonj O$ A@OA 21 AT OEAOhd 1 8A8(Q

The Dexmo exoskeleton by Dextra Robotises NRF (2.4 Ghz radio frequencies)ireless
communication as Bluetooth and Wifi were deemed inédint for data transfe(Morgan, 2018)The
glove features 11 degrees of freedom and has anatMeput latencybetween 25ms and 50naie to



Figure3. Gloveonej O' 1 1 OAT 1 Ad &AA1I . 6EOODAI 2AAI EOURG T 8A8(Q

Gloveone is a Kickstarter project by NeuroDigitathnologieghat can be used with Leap Motiand

Intel RealSense for better trackinghe early versiononhadE ADOEA HEAAAAAAE AT A AEAIT
Each glove features a&is IMUInertial Measurement Unigensor and featuressensor for each finger

to track movementFor gestures the gloves have conductive area on the palm, thumb, index and middle

finger for detection without false positives or negativé®r haptic feedback each glove has 10 actuators

for located at theihger tips and inthe palm ar¢a®' 1 1 OAT 1 Ad &AAL 6 EOOOAI 2AAI

Figure4. Hi5Gloveg O(T I A s (EY .62 'ii OAhR6 1 8A8(Q

The Hi5 glovéyy Noitom tracks the hand with a 9 degrees of freedom IMU. The glove is designed for use
with the HTC Vive tracker for arm tracking. For haptic feedback each glove has#owilonator on the
wrist. The fabric used is breathable and antibactgridb ( 1 | A s (EY. 62 ' 11 OAhd 1 8Ac¢



Figure5. HaptXglovej O( AD08 s (ADPOEA Ci 1 OAO &£ O 62 OOAET ET Ch

Designed foiindustrial use the gloves being developed by HaptX can provide five pounds of resistive
force per fingeffor force feedbackCustom magnetic trackingf the fingersand software simulation

gives each finger 6 degrees of freedom at@yelops an accurate hd model without any codingT his
waytrackingis sub millimeter precise ar@hn be done without occlusioRatented microfluidic

technology used in flexible silicord#ase materiatontain actuators that are controlled with air providing
continuoushapticfeedback. A second layer of microchannels is used to add temperature feedback with
hot and cold water. fiis way you cato feel shape, movement, texture and temperaturévirtual

objects. his technology can aldoe applied to other areas than glov@he ultimate goal of HaptX is to
use this technology to develop a full body suit including a large scale exoskeleton capable of applying
forces to arms and legs O 4 A ACAT sl T( A Bl@glovés havetd@ofnected to a machine that
regulates airflow to tiny actuators fitted in the glofer haptic feedbacKkMorgan, 2018)

Figure6. Manus VR gloves O- AT OO 62 s 4EA OET T AAlI Ad) £ 6 EOODAI

Each Manus VR glovms an IMUor detecting hand orientationArm tracking the gloves has been
tested withmultiple third partytrackingsolutions. Eaclinger contains two sensoffer trackingexcept
for the thumb which has one extra to measuogation. Each glove has a vibration motocated at the

wrist areathat can be felt at the back of the harjd.O 0 O 11 AED OO ABET 1

AAOAOEAAONKS

OEIl Ol AGET 1

2AAT EOU #11¢C
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Figure7.Senso Glovg O3 AT O1 s 3 AT O ' 1.1 OGA s 3A1T 01 30EORhSG wWoxéq
The Senso Glovis equipped each with 7 IMU sensors for hand and finger tracking and hasia built
30AAT 62 1 TAOITA O EO AT AOTI 60 OANOEOA AdtkEOEI T Al (
feedback each finger has a vibration motor at thejtid3 AT 01 s 3 AT O "1 1T OA s 3 AT C

Figure8. VRfree glove systenj 06 2 £Z0AA Ci 1T QA OUOOAI hd wWoXxéq

This pair of gloves by Synsoryx cometh a device thatsattachedto the HMD (Head Mounted Device)

of the VR systemsThe hand tracking is done withe device attached to théiMDand the gloves with

less than 30ms latendgcalizatonO1 E O AT An@ihi@ fartyQrAckig E@eA2 £FOAA Ci1 1T OA OU
2017)Communication goes from the gloves to the HWiduntto the system it is connected to. The

finger tracking is done with IMUs placed on the finger segméaits O&ET CAO OOAAEEI Choé Wwd



3.1.3. Sense Glove

: ,/. ,,j
'S .dlg/"

Figure9. Sense Glove DKL O$ AOAT i ® s 3AT OA ' 11 OARS 1 8A8Q

Originallythe Sense Glove wastendedto helpwith handrehabilitation. WiththeC1 T OAO EO8 O BI OC
recordall the hand motionshe users makeduringrehabilitationsessionsoprogresscan be measured

while simulating daily tasks mVRE(Virtual Reality Environmenf O0 O1 EIAGAO O Isi BAAR S 1 8A8T
11T 0Ahd 1T8A8Q

The gloves areasignedfor VR and ARNext to that the gloves can also be usedrgaut devicefor tele-

robotics remote operating humanoid gripperdhey can also be uséar interaction with CAD

(Computer Aided Desigrspftware so users can interact with the virtual modstforethe physical
versionis createfl O3 AT AA 6. TBA8Q

The intended features fdhe gloves that are going to be scdide:
1 20 degrees of freedorfinger tracking

10msinput latency

IMU based tracking for each joint

Haptic feedback

Force feedback

Physics based SDK

=A =4 4 4 =9

i OBAT OA "1106Ahd 1T8A8Q

To use the glovewirelessly aroptional adaptorpackagewill alsobecome availableThis package will

use Bluetooth for communication arttie battery includechas a battery life of 3 hour$hird party

tracking solutions can be mounted to these packagesetofC1 | OA O x E-ladd thévir@e®s Q i i i h
packagsQ Wj OB @MAO s 3A1LLOA '11 0Aho6e T8A8(Q

The force feedback only works in the grasping directioging only able to brake the fingers wih
maximum force up to 7N per fingertipor the haptic feedback function the glove is equipped with haptic

10



motors for each finger for contextual cueBhe gloves that are going to be sold should weigh 300 grams
each without the wireless packageO$ AOAT T B s 3AT OA "1 1 0Ahd T8A8(Q

Figure 10. Sense Glove prototypes

The prototypesused in this project doot havesideways finger tracking, no haptiand force feedback
AO01T AOETT O AT A AAT 6 AA 1T AAA O x1 OE xEOAI AOO
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3.1.4. Gloves compared

The companies behind the VR gloves set out with different objectives as some only featuring tracking

like the CaptoGlove and VRfree glove as can be read from tables 1 and 2, or weird enough were

developed other features first like the Gloveone having hepliefore actual finger trackinga Dt 2 3S2y SY
CS8t +ANIdZdt wSIfAGEZE YORODO

Surprisingly only the VRfree gloggstemcomes with its own an trackingd ¢ + wF NBS 3If 23S ae al
and only the Senso Glove comes with build in tragkinodules for the HTC Vieed { Sy a2 uy { Sy a2 I
{Sya2 {dAliZé HAMTO

The gloves feature varying degrees of freedom for the finger tracking where VRfree is marketed with a
full degree of freedom for finger tracking 06 2 £ZOAA Ci1 1 OA Olthédsfite s )T AEACT C

#ADOT "1 1 OA AT 18000 AODOCEDT 0IOEEID AAI OA biI AGAI Of Al I E
# ADOT ' 1 190dublify is hoBeAp@dlkd foe the same. My estimation is that the Sense Glove is in

the middle to high segment with the mentioned 20 degree of freedom finger trackir@3 AT OA ' 1 1 OAhR «
n.d.).

There are different ideas about haptic feedback as thecH&| 2 YS p | A p and the Mfiug OS> € vy
gloves only have vibration motors at the wrist locatibrt t N2 RdzOi Ay F2 NX laidihe y RI G &
gloves like the Gloveone@ d Df 2 @S2y SY CS S fand #hd SefisdEldve hand Vitfratioh & > ¢ Yy ®R d
motors foreachfingeo 4 { Sy a2 p {Syag baswiihe Sensd oy DRKIOBFORLI T B s
3AT OA "1.1 6Ahd 1T 8A8Q

)y 080 EiI bi OOAT O 01 EAAD EI OO 1 AGATAU 11 x AO AAT |
OEAEO Ci1 OAO AOO OiiT A OUOGOGAI O T1 6 T1T1U OAT A AAOA
made6 ¢ 5SEGF w20230A043¢ YyORPT a+wFNBS 3It20S asadsSvys

As can be read from the tables 1 and 2 wireless functionality is very important since all VR gloves being
sold have the function but sadlgr the Sense Glove DiKwireless packagese soldoptionallyd & t NB
2NRSNJ p {Sy.aS Df2@Ss¢ yoORDO

Sense Glove is ambitious featuring force feedbpc® 3 AT OA ' ab dniptAeiDExmb eXdsigIgton

digital life, 2017, p. @yay higher than the price of a set of Sense Gloves with optional wa@ackages
xEOE A ATl AET AJAODOD@DEAD &t A3AIL VAW hOAhS T 8A8(Q
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3.2.Virtual reality musicinstruments

4EAOAGO A 110 1 £ Elvigialnusk OgErinientshritheskifg seandithA A AT OO0
software, less abouVRMI (Virtual Reality Music Instrumentghich also delivers a visual component

being displayed bgomething likean HMD. Due to low cost solutions like the Oculus Rift and the HTC

6 EOA AAAT I ET ¢ AOAEI AAT A 6 XSejafth,&Erku, KgsANilstoh, &iNordanl,i T OA E
2016)

3.2.1. VRMIDesign principles

ylT OEA AOOEAI A OEOI AA O6EOOOAI 2AAT EOU - OO0EAAT )1
$EOAAOQEIT T 08 A UNilgsdn@rdMerdalito16xtinE dedn prindipEsre outlined for
AAOGECTIEIC 62-)608

Design forfeedback

Design instruments for sound, visual, touch and a sense of position (proprioception) to work together

and recognize theatio between thesesubjects3 ) 08 O EI BT O Odehsén tandemAFArOAT T B OE
sound it is important to utiliz&8D sound for the origimof the soundto match up to the visual objects

locations Development of musical skills rely heavily on haptic @utile feedback and is highly relevant

to musical performancéSerafin et al., 2016)

Reduce latency

Lag between the sensory perceptioeidp, visual and touchshould be minimal because this can

influence the perceptualbl AET ¢ OEAO T AAOOO xEEI A OAODPITAET ¢ OI
respond timely and synchronized to user actions. Reducing latency also helps decreasing the chance of
cybersicknesgSerafin etal., 2016)nacadé EA OEEO EO | £0AT AAI 1T AA OOEI Ol
common among people using a HMDewisEvans, 2014)

Reduce the chance of cyber sickness

Cybersickness can occurhgn there is a conflict in the information frotine visual and vestibular senses.
This can occur when a player would be moving in game but in reality standirfigestils Evans2014;
Serafin et al., 2016[People experienced with a certain adtyvin real life might be more susceptible to
cyber sickness then novices when performing the activity due to being more sensitive to the expected
movement not lining ugLewisEvans, 2014)

Other factors might be display flicker, low framerateycontrolled movementbad ergonomics and
uncalibrated VR hardwarélnrealistic movement like a tie camera instead of a turret like carf@ra
human character or uncontrolled movement are also factaeswisEvans, 2014; Serafin et al., 2016)

The effects of cyber sickness candye strain, headachesavingproblems standing up,veeating,
disorientation, vertigo, loss of coldo the skin, nausea and vomitinghis can occur during usage but
also afterwards and can persist for houtgan sometimes even come back lageewisEvans, 2014)

Movementand rotations should be mapped otie-one between the VR and the real world. While a
player should be moving in VR bsstationary in the real world acceleration and deceleration should be
kept toa minimum(LewisEvans, 2014; Serafin et al., 20pid tilting, rollingand sinewave like
movement (in particular between 0.05 and 0.8 Hz) should be avoidezheight of camerais important,

the closeitit is to the groundesultsin a higheisense of speed. By limiting the field of view you can reduce
the sense of speed tlreducing the chance of cyber sicknfsswisEvans, 2014)
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Make use of existing skills

Replicated interfaces of traditional instruments can be made more interesting by extending them with

additional controlsFamiliaritywith the original instruments helps playing the virtual counterpart but this
experience might also mean that the users dislike the virtualiétrAT O E&£Z EO Al AOT 8O0 AAE
way. Adding controls with real world metaphors can offer interesting outestSerafin et al., 2016)

Consider natural and magical interaction

Not designinginstrumentsby real world constraints (laws of physitsiman anatomyqualifies an
instruments as magical. Both interaction typésatural and magicalyan be used at the same time
extending controls by for example scaling instruments or the player so instruments normally out of their
reach can be playedithout much movemen{Serafin et al., 2016)

Display ergonomics

7EOE AAOECIEIC 62-)80 UI O OEI O1 A OA#sédinipbsésA 1 /£ OE/
the uselimproving ergonomics. For instance the HMD in the case of the HTC Vive and the Oculus Rift

normally arestill tethered by wirdo the computer. The weight of the HMD is also notaf@erafin et al.,

2016)

Sense of presence

4EA OAT OAOQET placdillGiod OEOADEA bBidyEn&® End illudiok forl th& bighest

part is up to the/Rsystemsused, this can beharacterizedoy the range of normal sensorimotor

contingences supported by the systeth ) 06 O A A O E Odwith tie lindithtiona & BeEsgstem 6 2 - )
in mind, not relying on the areas where the $§Rtemis limited. Next b this bodyownershipis also a

tool for the illusionSerafin et al., 2016)

RADOAOAT O OEA DI AUAOSO AT AU

Virtual body ownership is what @seated when the virtual body is tracked and mapped correctly with the
Pl AU A odldbody.Asican not only help with the immersion but also help training gestures for the
player. Studies exploring the effects realisticlookinghands show that using abstract and iconic hands

in VRgivesa greater sense of agency then realistic versions. This mightib¢ousers expecting more
natural interaction with realistic looking hangSerafin et al., 2016)

Social experience

HMDs normally keep you from seeing theal world, blocking your sion of the people in the room
havingonly one person immersed in the virtual worlth negate this mulplayer can be introduced using

a similarsetup or when performing on stage the audience can be shown the virtual worldheith

performer. When players are asked to play in front of a virtual (surrogate) audience they tend to respond
in similar way to when they would play for a real audie{8=rafin et al., 2016)
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3.2.2. VRMIEvaluation framework
With these design principles a three layer evaluation framewearkbe created, also described in the

article:

Modalities of interaction

1.

a b wbd

Alignment between input and output modalifsangefor sound, visual, touch and a sense of
position(these should beonsideted simultaneously).

Perceptual integration and mapping (based on perceptual, sensaior and cognitive abilities)
Latency for sensory perceptions (perceptual binding of audio, visual and touch senses)
Socialor player performance factors

Ergonomics(fatigue, design for the limits of the VR solutipn

(Serafin et al., 2016)

VR specific

1.
2.

3.

Reuvisit latencyor VRspecificallyperceptual and motor toleranc&pncerning cyber sickness
Concept of presencepla®A  E 1 1 plad$wilit] (& heAsdedario actually occurring?)

or engagement (keep the player interestédd) x EEAE | ECEO AA AAOOAOD
Concept of agencyirtual body ownership and thability to make meaningful actions

(Serafin et al., 2016)

Quality of goalsand interaction (@eaningmA E B)I C 8

1.
2.
3.

Magical/natural mechanisms involved

Leveraging of expert techniques (musical expression)

Avoid breaks in presence (assess user experience withigutupting, take questionnaires after
testing)

(Serafin et al., 2016)
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3.2.3. Existing VRMI applications

Figurell The MusicRoonj O4 EA - OOEA 2iiid 51 ENAAADPI BDOGLAD ODEABLOPEOET ¢
With The Music Room created by Chroma Coda you can select frdtipi®a drum kits alaser harpand

the chord harpdesigned for The Music Room. For interaction you use regular VR controller like those of

the HTC ViveTo simulate &ickdrum the applicatiorcomes bundld with a pluginso you camuse
regularheadphoneor microphone connected to the imor line in on the computers one. WWen tapping

onthe body of the headphoneith your footit triggers like a kick drum would. Withe instruments you

can control pitch, volume, timbre, velocity and more per ndteedrum kitssupport positional sensing

on the snars, 3 zonesach cymbahnd variable hhat control. ®me features like rim shotsr chocking
cymbakrequires youo hold a button when hittingor example a cymbakor the environment you can

pick fromastudio,a practice room ol onstagearea The Music Room can be used as a MIDI or MPE
controller for the use witlDAWSs (Digital Audio Workstationsf comesbundled with the Bitwig 8 Track

DAWj O4EA - OOEAR 21M10IOHOS AEODHh )T OPEOET ¢ 3PAAAOG ET 6

You can use the following URL to segesmonstration video:https://youtu.be/9gB5VJIyArpQ

This application seems to be set up as to be an exterisirdDAWS. This way there are no problems with

samples or recording you performancéery early on when we were brainstorming we also had this idea

but we were lacking the expertise to builddtE A OA AT A Oladyfag whdnAlhyingahd cdnikols
seemintuitd Al OET OCE ) Ei ACET A OAAEI C OEA 62 AT OOI 11
iss 01U ATTA AU Ei x UI O EEO OIi AGEET ¢ AOO Al O AU
you use all the fingers to interact with the instrumeRtom thevideos the environments at times look

like 360 degre® E T Glappedo the inside a sphergor very simple geometryy EEAE AT AOT 60 E/
the immersion.
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https://youtu.be/9gB5VJyArpQ

Figurel2 MuXj O- 68 1B 30AAI h6 18A8(Q

MuXby Decochoris available since December 2017 as early access title in the Steam store for a year. The
developers take this time to see how the application is used atak®user feedbackito account in the
development process for the final versiddser interactia is done with regular VR controllgrsO- 8 1 B
3 OA Al hnMuXis 8 gasdibx where you can create your own modutdhsgizerby connecting
components, under the hood MuX is more like an audiovisual programming language. You are able to
pickfrom more than 100 different componentdivided up intagenerators, modifiers and event

components. Signals created by generatmmponents like oscillators, noise and metronomes can be

used to create sound or to control other componentodifier comporents like filters or arithmetic
components can be used thange signals witbperations like add, multiply and dividé/ith event
components you can wire together multiple components and perform dispatch, compare and gate
operationsj O- -ODEIT A 3 1.%du Aariod exdn®ldasq|build thindike Rube Goldberglevices

to use gravity and marbles to trigger soujdO- 68 I B 3 O0AAI ho T 8A8Q

For a video showing see of the components you can use this URtps://youtu.be/2CmDfg97hgs

This application is more about creating your own instruments than playing them but there are a lot of
possibilities that most certainly E1 1 EAAD UT O nlikdargthigy vd@me upith urim@ A OU O
early brainstormingalthoughat some point we had the idea to use building blocks for ileppnusic like

beats) Q&YOAAET EAAT AT A AT AOT 6 O OAtdelsdundl in@ Bertdih wifke OOA O E

with immersion From what | have seen from videos the application at times has some video lag which |
imagine ony increases with the amount of components.
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https://youtu.be/2CmDfq97hqs

Figurel3 EXA The Infinite Instumentj O %81 d 4EA )1 £ZET.EOA )1 OO600I AT Ohd 1 8A8(Q

EXA is a work in progress VR application that is available aithaccessn the Steam storesince March
2017 New features are still being implemented and it is being perfected with feedback by the gers.
user input only regular VR controllers are uskaltrigger sound musical flat shapeslinesare used
called ringersHlipse square and triangular ringel®have like drumdineringersbehave like strings
Both typescan be drawn with drawing t. Toolslike for example drawing, selecting, striking and
muting can attached to the controllers in the VRE to the top end and some can be attached to the
bottom endof the controllet The ringers glow and resonatasiblywhenbeinghit. Theaudiosampks
comefrom Soundfont package€EXAcomes withmultiple piano, drum, guitar, stringandsynth

packages while other packageanalso be loaded and used. Furthermore youatnée to record/our
performanceand make multiple loops whall respond to changing thprojecttempo and can be played
and stopped individually 0%8! ¢, 4EA )1 £ET EOA )1 60000i AT Oho 1 8A8(Q

For a demonstration video you can use the following URps://youtu.be/WB22|F9cRko

EXA has aimiple visual stylevhich isvery responsivéo themusicD A O £l O AT AAh ) EAOAT 60
audiovisual latency. &l can create your own instrument but the focustif onthe performance Input

can be very precisgith just regula’VRcontrollers. The recording of the performancedausingloopsis

something we wanted to build into the projectbstA  xT 1T 8 0 EAOA ABen@apleto OET A Ol
loadsample packages opens the ddora lot of genresWe are adding sample presets to the instrument

but without external sample package loading.
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https://youtu.be/WB22jF9cRko

3.3.Three-dimensional audio in Unity with headphones
In the previous theory chapter about VRMI it got mentioned that 3D audio is an important compionent
the immersionand | think italsoopens the door to creative optian

Whensearcling for information on 3D audio in conjunction with VR and Unity you quickly end up with

information about audio spatializers. When using a VR system like the HTC Vive os ifuiou will

probably also make use of headphones. Spatial aiglalso known as 3D stereo sound and can also be

used when listening to music or watchingamgvi© 3 DA OE-AE ADIOAIEAEO 2AOAAOAEROG 1
To simulate how human ears would perceive sound in the virtual environnoglit apatializers take

HRTE Head Related Transfer Functigristo accoun O5 T-EAGUOAT ¢ 62 ! OAEl 3DPAOEA
HRTF is a set of measurements describing the directivity pattern of humanTéssemeasurements

dependon the drection, elevation, distance and the frequency of the sound and is used to calbolate

a sound reaches the left and right ear separatelyD 3 DAUAE-AE A OT 01 £0 2 AOAAOAERG6 1

HRTFS were first used when binaural recordings were made of live concerts in 1950. These were recorded

by using a mannequihead with two microphones placed at the ears. When listening to these recordings

with headghones it creates to effect of being acoustically ther®© 3 D A O E-AE A O IOBGIEAD 2 AO0OAAOZ
n.d.).

Unity has native support for audgpatializersand comes with two out of the baxhich can be selected

in the audio manager of the Unity project. T@®culus Spatializéivhich supportgshe Android, OSX and
PCplatformsandthe ®icrosoft HRTF Spatializ8vhichruns on UWRUniveral Windavs Platform)and

Windows 18 ! £#0AO OAI AAOET ¢ Al AOAEIT ODPAOEAI EUAO UIT O 1
audio sources you want spatializpdO5 F-EAGUOAT d 62 ! OAET 3PAOEAI EUAOOKG
AEAOABO Al OI OO0PPI OO0 A O Oty HavéandiBAogi®REsotabcd@iib Al E U A OC
j O' AOOGET ¢ OOAOOAA xEOE 2AO01T 1T AT AA ' OAET £ O 51 EOU

I OAET hBothplugindsdighort Unity on Windows, MeOS X, Android and Linux, with the exception

of Google Resonance alsapporting iOSGould, 2018)

-EAOT O1 £#06 0 (24& 3DAOEAI EUA®beingidhkerfeatukelestiagizalh A OE CT A /
only having the setting to set themom sizeto small, medium or large for audio sources in U(lyrner,

Park,Zeller, Cowley, & Bray, 2018ecause of this | continukis chapteronly with the other three
plugins.

The plugingzary a little bitx EAT  E O adblistic AhadovdrigvittOvhat lower frequertiesget

filtered out. The simulateckar closest to the audio source will receive the full frequeangeof the
soundwhile the other eawill have a slight delay and high frequencies will be filtered because of the
headthat is supposed to bim between the audio source and the €&ould, 2018)

Periphony, or vertical sound, is not the easiest thing to achi€le plugins diffeslightly for examplein
how dark @& audiosource soundwhen it is below the usespmetimesthis might sound dit towards
beingmuffled. Also what is lefintact ofthe lowerfrequenciesof the soundmight differ slightly. For
sound sources above the user the tone color differs slightly between the pliigedps a lot fothe
sound source thave a visuakpresentationandor changesn the positionof the audiosourceto be
extremefor being more obviougGould, 2018)
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For more specialized features the three plugnfier extended functionalitywith their own Unity
components that extend standard Unity componeaifGould,2018) These features are not easily
comparedas directly as thenes previously mentioned.

The Oculus Spatializgrovidesits own attenuationcurvewhich canbeuse T OOAAA 1T £ 51 EOQUGS O
logarithmic curve to determine at what volume a soutbsld be heard at what distance, alpmoviding

minimumand maximurmdistancecustomization option for the audio source. Next to that another

feature is provided that lets you set a volumetric radius. In this radius the sound should give a positional

feel ofOmni-presence not just being lowlone8 4 EAOAS O ALAEATAA AAOEAMA GBI AN AR
automatically switches special rendering on and off if a sound is within-Eenggh away. There is a gain

control provided with this feature because some Bda can becom#oo loud this way(Gould, 2018)

Steam Audio providea physicdased attenuation model that is designed to have a realistic decrease of
011001 A TOAO AEOCOAT AA8 . ApgO ObOBEARD OEEDRE EBADEAT /
decreaseshe volume othigherfrequencies earlier thethe lowerfrequencies making sound at a

distance less brightSteam Audio also features sound occlusion, with this feature you can tag geometry

with different materials like wood and ston8oundwould bleedmore trough wood tharit wouldtrough

stone. The defaultmode uses single Raycast. This is like drawing a line from the audio source to the

audio listener to see what material it comes into contact with. The second optisra higher CPU usage

iscaldh ODAOOCEAI 8 AT A OOGAO 1 01 OEPI A TETAO ET OOAAA 1 A&
xEOE OEA O0I Othid iay thefodchisipOdan bd AodeyEaduglly evaluatittythe lines

whichget obstructed andvhichx E T Aobskctél @hanges happening to the occlusion geometry

modelon the fly(like opening and closing a dod&)O1T 8 O O A E AthereforietielsystdrisAtati® 1 Oh

(Gould, 2018)

A EAAOOOA AAIT T AA OAEOAAOEOEOUS 8 7 EsQuice, with hi®yosEAA OO O/
can makat narrowerthanthe standard spherical shap&his will effect what is heard whéme audio

source is behind the user or whiiie user is at the back of the audio source, muffling the sound,

extending the HRTF featurd he occlusion method build into Resonance Audio uses a single Raycast and

AT AOT 60 1T AEA OOA T &£ A 1 AOCAOEAT OUOOAiteoAti®O ET OOAA}
audio sourceo set themaximumocclusion levelUnlike the occlusion system used in Steam Audio this
occlusionsystem does handle live changéske the Oculus Spatializé) E A @isha00 AEEART A A EAEAA DS
feature which unlike the OculBpatializer you have to enabj@urself in the audio source settings

(Gould, 2018)
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4. Problem definition

Ina discussion witthe company supervisor and my graduation teactmeweek 5 of my graduatiotie
assignmentas adjusted to not requirearbon copies ahe instruments but to give us the freedom to
be more creative. This was done because at that point it was already expectedhhg@ly a slim
chance we would receive theewer prototypes to work withduring the project.

The assignment is to createVR application wherthe users can play music WRin an intuitive way The
aim is to developne or more VRMD E A O Anededsarinéad to bea carbon copiesf reakworld
counterparts During the iterative procesthie projectnow can alsdeadinto the directon of developing
and designingsomething unique fowRtogether withthe gloves.

The main interesbf The Virtual Dutch Men is to create a video to be displayed on the internet
demonstrating the application to create exposupreferablyfeaturing a famous professional musician
This ups the difficulty of the project as learned from the research about MRMicians will expect more
precise response then novicbscause of what they expect froptaying in the real world.

Secondly the applid#on couldbe used by Sense Gloirethe futureasa demonstration tool for when
they are visiting conventions demonstrating their gloves.

My graduation will be about the designing of the VRVt focus on the quality to the musiciamst the

video. Making sure the senses are linked aifetrease the chance of cyber sickrigss) 06 O Al O1 EI bl
strive for good immersion with the user having feeling of being in the VRE and working player body
representation Having arenvironmentx E A OA U1 ifreallifednd BingGcbnic hands help with

this. An easy way of adding immersion is to add audio spatializaiooe VR users often use

headphonesso | will install a audiospatializer plugin in the project. During the development | will keep

the designprinciples to designing VRMI in mind and téstthem by developing a questionnaire for the

testing of the prototype with musicianat the end of iterations.
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5. Main and subquestions

5.1.Main question
(ow to design virtual reality music instruments in Unising the Sense Glove virtual reality glo§es

5.2.Sub questiors

Qwhat are the features of the Sense Glove virtual reality gloveand how can they be used for

VRME?

| have added this question teelpfigure out the possibilities anlimitations of VR gloves in general and

the prototypes and how the features can be used to design VRMI

O7EAO EAO O1 AA AiI 1T OEAAOAA O AAROGECT OEOOOAI OAAI
| askthis question to sed there areexistingbest practicesor designing music instiments for virtual

reality environments

O( 1 x Ol3D&udiddor le@phonesupE i 51 EOUe 6

This question got added during researching previous question. Immersion is factor in pulling off a VRMI
therefore | added this question since 3D audio can aid irsioe a lot.
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6. Scope

Where the main project will be about the complete experience this report will be focused on the
developmentof an VRMI (or multipla)sing theSense GlovePue toit being unclear wheor even ifve
will receive the neweglove prototypeamy primary focus will be otie feature set of the gloves we
already received to work with (this is excluding traptic- and force feedback featurep

Hardware problems with the gloves is off limits to us since were told not to tryiatite gloves
ourselves of problems arise and just send the gloves to Sense Gloves.

Since there is only one VR development pc with an HTC Vive and one set of gloves duailable
project! will have to worlon ittogether with another student.

I willnot beresearchingareas likehe psychology behind the glowor the VR experiencance this is not
my area of expertise
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7. Methodology

Throughout the project the design principles found in the theory framework were followed

At the end of each sprintmeeting should be arranged with the music{gfonboard with our project to
come by and test therogress at that poinand provide us with feedbadhr the next iterationby
speaking/thinking aloud during the test and also by doing a questionnaire aftdava

| developed tle questionnairevith the design principles for designing VRNftem the theorychapter

(this includes 3D audio) and the workings of the glamerindand can be found in the annexssction
theannexsAAT 1 AA O1DBOOET T 1T AEOA

The firstgroup of questions of the questionnaireaiBoutresponsivenessihe participantisasked about

the responsiveness of sound, visuals (broken down into instrument avicbement) and touch

(tracking)at the moment of playinghe instrument For exch of these senses the participant is asked to

ratethe latencyl T OAAT A A£O0T 1 X O X8 ) 080 Al 61 AOCEAA EE
use for this data is to check if the moments of feedback get linked, like the feeling of agtiagilyg the

instrument andnot for it to feeldetached because of mayl E A ©dniuchlatencybetween hitting a

key and hearing it

The next group of questions is about cyber sicknesichshouldbe reduced as much as possibler F

this topic the paricipantis askedabout the video smoothness (framerate) and if there are any (annoying)

flickering lightsdisplayedduring testing. Furthermore the participant is asked for thoughts on

locomotion (ike teleporting)when it is implementedFor ergonomony gestions about real world to

virtual environment mappindor the tracking would normally be included here but since this is digne

the HTC Viveand AT OA ' 11T OA OUOOAI O OEEO EBowev@te T £ T 00 EAI
participant is asked how mucH bassle the VR set up isiat on anduse ando rate this on a scale from

1to 10.

The following group of questions is about existing skillee Pparticipant issked about how familiar and

intuitive theinstrument feels for checking with existing skithe participant has.

For the magic factoDEAOAS8 O AT 1T OEAO Cthelpéitbipaht & asked wrat@igdrhe® x EAOA
opinions are on how the instrument is extended beyond the possibilities of the real world and if he or she

has feedback or idedsr extending the instrument beyond the laws of physics and or human anatomy.

For immersion the participant is asked if he or she has the feeling of actually being in the virtual
environment,to see whetherorndD EA OP1 AAA EWHicBi©dqudstidn star@ingoh i®EET C8
own.Forthe topic of player body representation the questiasoutthe correctness of the body

tracking and if the virtual hands feel realsee if there is a sense of ageraeg grouped

Concerning the social experice the participant is askelle single questioiif the response of the virtual
environment to the playing of the instrument is giving a sense like performing in front of an audience.
Other features like incorporating a virtual crowd or recording featw@performances can be captured
potentially making the application hava multiplayer experience are beyond the project time frame and
therefore not included.

I later updatedthe questionnairebecause at first | designeiko ask the questionmyselfat the end of
test sessions anthen towrite down theansweramyselfbut when testing with RoMaas, the musician
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onboard with our projecthealready started tdill in the questionnaire himsel§ol clarified a lot of the

guestions and added hints to steer towards certain answers | wanted to receive because in some cases

they were offand not really usabld removed hints being to technical and removed the question about

locomotion since that feaire got scrapped. For the question about rating the hassle of using the VR

setup | added the indicated that it ranges from bad to gotioe updated questionnaire can be found in
theannexeDAAOEI 1T AO OEA AiTA@ xEOE OEA OEOI A O10AO00EI
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8. Results

Questionnaire answers by:

Cas ter Horst after,
testing during

Sven Ordelman
after testing

Rob Maasisked
about previous

Rob Maas after
testing at the end

Rob Maas after
testing during

iteration 5 during iteration 5 | progress of iteration 6 iteration 7
evaluationat
iteration 6
(without testing)

Responsiveness

1 How do you like the sound responsiveness when playing the instrument? Is the sound link

what you play are does it feel detached?
9 How would you rate the latency from 1 to 10?

Good, 7

Good, 8

There is still a lot
of latency to deal
with. 5

Good. 8

Good. 8

1 What do you think of the visual response of the instrument when playing? Is there for exar

lag to the animation?
9 How would you rate this on a scale from 1 to 10?

4EEO xAO
visible (key
movement), 5

Nice, 8

In general good,
except for some
glitches due to
retriggering
mistakes. 6

Good. 8

Good. 8

1  What do you think of the response of the dynamic visuals of the environment when you plq
instrument?

I How would you rate thisn a scale from 1 to 10?

Thespectrum bars
are too small. 5

Good. 8

1  What do you think of the response of the instrument to your movement? (tracking)
I How would you rate this on a scale from 1 to 10?

You auto correct
for inaccuracy, 7

, AGB6O 11
about that (pretty
bad). The handh
game seems to
small (length of
OEA EET C
match up) , 6

In general almost
OK, although the
position of lower
arm and hand are
sometimes
awkward from a
pianistic
perspective. 5

) 060 OAO

Very bad. 2
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Does one of the senses (sourdual, tracking) distract from one another?

The flashing on
the hands is
standing out

.1 AT AOI1
distract

No

The finger
tracking does!

Yes, the tracking

Cyber sickness

How did you experience the framerate? Is it smooth? Was there any stuttering?

Okay | Good | Good | Good | Smooth
Did you experience any (annoying) flickering? Like, did lights flicker to fast?
Yes, flashing on | Weird flickering No No No
the hand lights on hand

9 How much of a hassle is the VR setup to use?

9 From bad to good how would yaate this on a scale from 1 to 10?
Okay, not too If it would work Alot! 2 Very much! 2 Alot. 4
heavy to use immediately it
(fatigue), 8 would be fine
Existing skills
How familiar does the virtual instrument feel?
Visually the Okay, but you can| Not familiar due | Still feels n/a (because of
keyboard seems | pass through. You| to (arm/hand) unfamiliar the tracking)
off. Pinky finger | somehow have to | positioning,
x AOT 60 rest your hands in| missing haptics
responding. the air (fatigue). | and playability
Keyboard is a bit
small (amount of
keys)
How intuitive would you rate the instrument (on a scale from 1 to 10)?

3 4 n/a

Magical (go past the laws of physics / human anatomy)

What do you think of how we extended instrument usage beyond the possibilities in the real world

8

Passing through is
not an advantage

4EAOABO
extension (yet)

4EAOASO
extension

n/a

Do youhave feedback or ideas for us extending the instrument in ways not possible in real life?

Be able to turn on | Swiping trough Using gestures for| Playing with one | Same as last time
a beat, be able to | octaves on the sound control with| hand and

trigger samples keyboard. one hand while gesturing with the

like animal sounds Swiping trough playing with the | other to control all

(pads), have real | instruments other sorts of

keyboard (guitar/bass parameters

functions guitar).

(presets).
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Sense of presence

DoyouE AOA OEA AAAITEI C | £ OAAEI ¢ OEAOAGe

The keyboard is a| You do know Yes Yes Yes
bitout of placein |UT 08 OA O
the environment.

4EA xT1 Ol
lively. Add
shooting stars
maybe.

Player body representation

What do you think of the tracking of threms and hands?

O
Qu
O
>
>\
>

In this case not Hands in game Still unrealistic )
really well, in were smaller due to lag and
game the hand | comparedtothe | OAOOECCA
seems not wide | real world.
enough.

Wrist tracking is
offsetting
overtime.

Very bad

Do you feel like the hands in the virtual environment are yours?

The fingers in the | Okay Nope they look |+ ET A T /8| Not like this
VRE seem to like ditchy
narrow. abstracts

Social experience

Do you feel that the dynamic visuals responding to what glaly give a sense of giving a performance
(like for a crowd)?

.16 UADO8|na

Figurel4. Questionnaire answers combined.

Just before the gloves had to be sent away to Sense Glove for repairs | did some testihg siitidents

Cas ter Horst aiSven Ordelmax | OEET ¢ ET OEA OAI A OI 1 itretr®in OOh ET
time. For these tests only the right glove was usBde to inexperience, the physics problem, scheduling
conflicts and the gloves being away for repairs testing with Rlialas was delayed until late in the

project. The general theme in the answers given by Rob to the questiosmaiteat the tracking is bad

and it distracts from the other features. | could only arrange for two test moments after we received the
gloves bak. With the first test | was a bit overwhelmed by how bad the gloves were responding. Defects

the gloves were sent away for were returning and wrist movement was behaving very unnatural. Before

the secondest with Rob | have tried to see what could band@bout the tracking by testing the

different modes of the SDK and wrote a script so we were able to use manual calibration for both gloves.

7TEEIA ) xAOI 860 EAOEI ¢ OEA OAI A A@OOAI A DPOI Al Ai O C

(even aivetracker holder broke). Resulting in thesting not being very fruitful
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8.1.What are the features of the Sense Glove virtual reality gloves and how can

they be used for VRM3?0
SAAT U ) AEAT 80 CAO AT U AAOAITT Pi Al O of@®E grdduatior OE OE A
report, so | will write about the old prototypes.

Generalfingertracking is the most basfeatureaVRglove shouldchave,for playing pieces of music the
gloves fell short and the missing sidewdiygjer tracking is a huge miss. In theensesolutionsthat are
already available on the market witimgertracking being their only featureeem a better option.

| can really imagine the haptic feedback being a nice addition, withauing experiencedloves that

have the feature | couldiready tell it would be a welcome addition to actually feel something when you
touch a key in the application. Because sometimes even when using see trough hand models fingers will
still be somewhat obscured and when trying to ptaysicOT A0 1 Unowirtd dviden Yol hd buE

waiting for when you hit. The continuous feeling sensation like the HaptX gloves are capable of would be
AxAOT I A AOO febuizelidh any tometcially Available glove for a long tie short
instances are better thannothgj 04 AAET T 11T CcU s (ADPO8hoe T 8A8(Q

All of the gloves researched in the theory framework except for the HaptX glove have a walgiligs

which really would ba welcomefeature (tables 1 and 2)Especially since the USB cabledidd O Al EAE E1
the connector oisheld into place another way and thus disconresbeasyduring usageRelated to this

wasda Ol xAT OAA OEAAOOOAS xAO OEbkfixédbydcanhedingth @ EED CI E|
glove.

At the end of the project itself, after the timeframe of thisport we will havelevelopmenttime with the

newer prototypeand | would be very happy to make use of the haptic and force feedback funditoms.

tracking will also be way better with also having the sideways finger tracking. We already got to

experience this with a demonstratiofor the price the development kits will become available including

the wireless packages, | thigkistomers get good deal. The oly other glove | have come across that

also features haptic and force feedbded OEA ( APO8 Ci 1 OA xEEA@EOTI 60 bBC
2).

8207EAO EAO O1 AA AT 1T OEAAOAA O AAOGECT OEC(
Early on we were developing multiple instruments like a piano, drum and a xylophone. After the first few

sprints we realized it was better to focus ome instrument andinalize itto maybe then work on

anotherx EAT OEAOAS8O .OOEI T OEI A AOAEI AAT A

The synhesizer keyboard was the instrument thae decided to build firshs we were advisdoly Tim

Moelard of The Virtual Dutch Maat the start of the project from his experience with the newer

prototypes and by Rob because of the possibility of playing musicsamples of different instruments
while focusing on one instrument

When | tried to implementhe script | made to change the volume of templebeing played when a

userhitsakef O AEAT 60O x1 OE8 4EEO xAO AAsAthobdkkemati@Ean@EA AT 1
OEAOAE OA xAOAT 380 CEOETI ¢ A OAI AGEOGA OAI T AEOU OAIC
objects like the fingers that compares the distance between the position of the object on the previous

frame and the cuent frame returning a velocity value that can be accessed by other scripts. The

kinematic setting for thecolliders argprobably enabled because the fingers of the gloves and the Vive
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OOAAEAOO j £ O OEA AOI 6q CAO O byphySids i belphshidhedBOAT A Al
the real worldpositions

For the keys to be animated originally we tried to use hinges, which areibuildity components that

also enable you to createndrs for example. The problem was that even after locking positiand

rotational axis you were ditiable to push the keys awaysnAUO OEAO OET O1I AT 80O EADDAI
could make use of configurable joirtaat also come with UniyA OO OE A U A Ethelfidwe OAAT Of1
were looking for.

Figurel5 The synthesizer keyboard shown with the colliders visible

After there was no real progressr a week | contacted Hans Wichmarteacher at Saxigrio helpusfix

OEA DPOT Al Al 8 4EA Gde phisosbutiusaAdlidex afeh far eakti kdgpahning

from just the top surface of the key downwards to be jaditenough for keys to be pressed down like in

the real world. The user now only interacts with the collider area not witlvikhealkey object. The

rotation of thevisualkey is calculated by how far a finger is down from the top of the collider. This

happens only when the finger travels downwaadscfixing the problembeing able the trigger sound

when the finger came from below. At the same tithe velocOU 1T £ OEA ®Eted®dum& O | AAOC

To load different sample presets the keyboard

has four buttons to change between them. For

the key objects to load the different samples |

created a script that when one of these buttons

is pressed an event getrsggered where the key

objects script are subscribed to. With the event

the preset name from thereset enumerator

housed in thékeyboard scripts also passeflike

Piano or Synth To show whiclpreset is Figure16. Preset button script component

currently active we have the button glovgrand

pulsing slightly to hint that a user can interact with the buttons. Each preset button has a different color
which can be changed in the Unity editor. For the glow to toggle on and off | created a script that on
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