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Abstract

There are peoplantdres eo fatr en &@d.ételrhlsoosseth avhdbom et | ost , [
those who have a poor sense offAdiofieichbolamih.ispati al
What makes htohuosoew?ipi?/lo pttheeca f Eer ences bet werech @tetogrl s£? wh ¢
I n an taanswipese questions, three applic@¥V¥Rods wer e
informeefwrehces relatedTa odeweglndp i WR gpplcihomd toigon s,
HTC Vive for har dvamaerardnadrUrsidtihysepap &i ova uiscus ¢ @.
coll ect data about depattiheehersdeadomicthiban dand tcol | ect i
experiments were condua&qtueeds tiino ning ilcihe & upblpaeye tds o anas svte r t
recognition and psychol ogi cal 2y eay, uahdewsir kegds b
joined in dMcec cerxdpiemrg ntentt he col | ecadttad,wdast htataend anal y
faster psychol ogi cal ability, which is ment al rota
Ma ki ng wahcitlieo neswvp Ird ruiamiggns fheed @ a per son rlemeandceirt iwhmt
personal |l ifestylneo adaméftaoaeigspan mahtnr saograoctygbnt hi s
research, VR applications which simulate real worl d
col |l ectdedtaetrdmifainelr e n peo ph et wheon get | ost and ot hers.

Keywords: Vi r t ual Reality, Spatial recognition, Unity,
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Evaluation of Spatial Recognition in VR
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Evaluation of Spatial Recognition in VR

1 | ntroducti on

1.1 Background

Nowad¥iyst ual Fheagst la dpye o pd Refsent i on around the worl d. C
Mounted Displays (HMD) have been produced by vari ot
SamsungcuWNRmaishlyy used fdarepamwse bl @i h.maRadnrc ieaxla ngpalien, s o
St eam, Oculus or PlayStation store, | ot\¥Rhafs VaR g a me
l ong histws &d oif n braeé deigicuacl aatnirdw s ,@ & radvip r feiowmlempsa.nices and
reserar blae e breenveefaltesd t hat VR has to hahhdD arbd |game s.
engcakled VYRiayplications were devel oped in order tc

1.2 Pur pose

The purpose of this research is to dEewaéhemidlheuthe di
oncand otheds wbBondowriginal VR appédicritgquwalsy i desvihgn
virtual city.

1
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Evaluation of Spatial Recognition in VR

2 Literature Revi ew

Ho u koonug hior g eitatciomgnolin casntwp iac ,nhuonbles arfd articles about
publ i[ssif2d There are Rrné¢lbk athesukmpuclhaoo&dkd onpsyghotogye.
Shingtéfitees:fi nd out a direction to a cerftZali nhel ace
ability to rotate meénmahsirempalée snemttatoinadks obff ectve i n
mi 0[d>]Jo i f the direction a person faces and the direc
becausemeeds | ess cal culSahtiinahakaf srfigmdtaedsli e iviehtd ng @ th el ars t
to care about something i;foel eyoamjelre op etdheds[t2rp uatnes wohri
I n coifpottrhegsts, who are not prone to getting |l ost <care
under stand 2di recti ons

Ilts known that a person can pay more attention to

eperi ment using a driving game, a significant diff e
was Vviewing a targett aorbgjeetc4qd bdjbeocstp pbbh e d g $nocataipceeose on ¢
whil e wal king ar estuos epdl atcoe sr.e member rout e

Tver sky fipewrpd eowtan form coherent ment al represent
| andmar ks whether | earned from directo[ebgpbfjieehse, 0

could produce a correct map froni&@eanef hgcdentrioptie
a route as successive snapshots of aoathenawirdat iberc afurs
other pobnts of view

Therefore, in short, people remember a route by fir
among t hem. But things they care about can be diff
cogwnetabil iheyntrmdndrdot mé qoinr ed, so the differences a
ability and attention to things can indicate what f
The purpose of this researchspiast itad croelcloegenti tri eolne v arn
group is abwmnderduaikwat wiltdy student s. I n this resear

must be over 13.

Thera amumembemedi ts of wusinfgnvant eapSehd mpgeankd nebtgtnst s .

wal ked around a city in real world holdinf2h video

Even wheimseumsda nsgt r eet @ owedsfafmer e gt caar s qwe aptehdeerst r i ar
or temperature c¢dmowea editfhfiesr ernets eaasr cvhe | It.he same app
subjects, so the condition can be more consistent a
coll ected innmbat vi Fobualexampl epg using sensors embe:
( HMD) , the face angle of a Gsudbgseyxtt acafmi e whaatc kehlj e
Ssubeetyesight. The data of face angle®ukjaectallsoobse w
down. Depending on |l ooking up or down, things which
I'n adMoltliiomon used a computer screen to] 4lepo esent

figure out i f a subject noticed a target, the rate

Besides, the amount of visual information a subject
HMD, Ssubj ectss crmaonr es efer etthiyngpbecause as they move t|
si mul t aMeeroausieyt. yalv acti vid i esgrciatni vae f&lzit | iutsye.r Opt al «
i mprovements in | ong term memory and severf&l other
Transference of i mprovements from the virtual to th

2
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[ 6]

Google have |l aunched applications which enabl e us:eé
Googl e Map and Google Earth. Recentl|l yusaerappahi maveol
arouardedlni stic virtual world has become available. A

to those applications b®&t bredatalvérorde piagnédul ar bpsadov
directions mrodi sémdlashedts.he

I n su,mneaarsy used t o shadi gmsksp amil msptace wer e based
conducted by otthhee a |l rBsssseehndicihaeltlaya,l nwor | d was wused to s

so some methods used in real woorl de xdéeokup tdedib €maaps e f u |
task which makes a subject write dosac omman meit hloe r e
to seeGpesrpsadn al r eco[g®listiinogn sakred crhe mmoarpy, Fuj i oka foun

city structure andhillesdmearnal rjo@lcnegni aif 6ect

3
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3 Devel opment

3.1 Used Soft ware

311 Unity

To devel op applications, software callagdaphicwpnl was
interface and editoFi &lp clTontnrakle 2D/t D aachji @ntss among
coding is required. The programming | anguage for c
devel opment, C# was wused. Because C# can be used fo
i mpbobedhperooj ect t oo. For exampil dat Aodudbahg gamkepkaiyor
be recorded and output, so File Class was used. Uni

Oculus Rift and HTC Vivedeahélcbpwent @madnéypesiecefibds.

Fi&lUni ty

3111St eam VR
To mak@niMRpypl i cbhi bgsasaet named St eamVrRi tfy oArs SAests et

is a collection of fiUnegrywjhe cstht cathombe us eantonlmake @
free or commercial assets are uploaded and avail abl
Unihtaygsar i ous kisndlsi ko 3o jcekxjtect |, UlCa medrjae cdhj eamtd ipsarc
of them. During gamepl ay, objects inStfemamViR bdfast lmat

customi zed camer d& haebrimercd ohjiehtamsdktedread!t e ewgietn i

HMDi f a wusetrhveRooclmeoup, |l ooks up too and what he/ she
simultasheam¥Rycan manage not only thé&hpgopiosi omoaof oM
control |l etrteeetat awheddi bvanr tbuea lu sweodr lich. Unity objects ¢
sotihe rtual world of VR applications, 3Dsimohdel s of ¢

4
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real wosld. mAvea ©lreetarlolwoerlisd,i nvi rtual objects follo

312 Vi sual Studi o
Vi sual Studi o eivse | amp memtte gernavtiedo n men(Ei i cTho Miakreos o f

C# scripts for Unity frid¢jlectAppethmdcsrneddt wahe Gass usi
was maadefusrdad s rVehsaeta rtchha.t ,s awthiemt added giger button pre:
di fferenwus&abetrweaddh direction, séeithed 8Bdpacrortt
t haengl e di fference is | ess tdhian c40 odnd drnevedsP, stphpesre su sbhed
to |Iist all the scriptstciomsApsptesn doifx .2 9ol rl iehxbasm pal feh, e Do
scrwepactmaDVW-ROM tofe resources of this research.

Fi &2Vi sual Studio

3.13Bl ender
The free so,fwtawarues,edBlfeordemaki ng 3D model s, such as

props | i ke hand dRing3) .a laand hsisgmr ebeanrdd, al | the 3D
constructed. Bl erfdielre cfamr reatp owh i Qi iifisylr ednagtaet if bblixen wi t
was mainly used.

5
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o]

il uwmn[ﬁﬂ]l[ﬂll [

Fi 3Bl ender

3.2 Used [>evi ce

3210cul us Rift CV1

To devedappl VRati ons and coll ect data, a head mount e
controllers named Oculus Touch and seThsorpsosnamedc sOc
and angles of CV1 and Toddlcihs atgreackidrochkedmaiyniCypyniyei h
and sAnswmbferi nfrared LED ar e e mboaddeexda mprteg CWIL aimadk

infrared LED on its front and 10 on its ba&k. Touch
siWwhild @vd Touch are used, they emit infrared I igh
especially its infrared camera and i mage sensor ins
|l ights that have diff@hesnt wameceesngth d&vaigshithe!d eaoé s &
light filter adhered in tfhreanhit aotdt bcamenfranddi mamer .
i nformati on Tohf@&ti mdwapedi tlii gmg .Acrcd radn gtlge stda@nrmgeinstisr ,a ¢ k e d
what a user sees in a virtual world changes simulta

for two &G yvwelsy alhwaser can havevant ummewsi bd. experi enc

33 Devel oped Applications

Three appitéchevehepeed to collect data about spati al

3.31Ment al Rotation Qui z

The first applicatiwamsies & oquiestam@gh&dsbhtorwosh aotnheah a |
scene of t hFiisr sapploinceatg econmet ri cal object is shown t
objects: one of them is same al gsihmi Far shuobbaretdiwhf
al | of dihfefme hetnde mankgd et he qui zzes di bfaiseudathjdekftt er ¢
four other objects, a user chdsosaerssvaercoamde ctti noen es p e
amsering are recorded. tAfitserapapllli cgautiizozne so uat rpeu tfsi nai st heex

6
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dat a: whol e answers and ti mes.

"Start” LT EE L m

BT -
e LORBERL $0OF,
4 BREEL S oomhBBAT R

Fi 4Ment al riot ation qu

To make ment al rotat ioobn egautress trn @eqsi, r d dnatge s makKe 3dD s u
representatiofsrisnBhesd@agy Mmoud. kinds of geometri ca
cubes welrhee nmatdneo.se obj ects were exported as fbx fil
Uni ty

Fi 38Exampl e of 3D geometrical object

|l nUmistcyen e, the four geometri caRotoabtjiencgt sa nwde raed jluisnte
angl e, captriereens of geomet MThoalk omagess weeree umade .f or
guestWhons. making screen captures, how much an objec
di fference of angles bet weanqBds toibgrecdaan glkee.s, the m

332VR Direction Qui z
The second application is I|Iike a game, i n which a

direction indicRit®)l on a virtual map

7
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www.Bandicam.com

Fi 886VR Direction Qui z

Rel ated to mental rotation, if a directio® that a
easier to figure out a direction to go. As a person
a map tand;ndseo sitf a map &r eegausiireers tloe swsn dreortsatta nodn., Thti s
used to test mental r ot atdiisnc uashdeldi taymoldekdei ftfheer dntr sen

that is, a virtual city. Like the quiz application,
data as a textthatesermMhlra® omp utelsemlmse plsaas bh et wa le
city b@®8caase just by duplicating all ®ifg7d.Bet 3D obj e
its schlioeei fuode edt h.t hfeheviartiugilnali tsyi aies edfbiyn t hi s a
200 meters, so the size of map is 0.4 meters.

Fi 7Virtual ma p

8
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To select one directi on aacde ratnasiwe rdtidr eqateitsa i owmit, tr lal lu e
and phersisggoenr dbriiitid8s hows

www:Bandicam.com

{ 1Y

- <

= »
-'/5.
AVel F i

Fi 8Answering a direction

To indicate which direction a uske rsdalafc®y@,rl4d arr ov

Each arrow poi,ntnsoratth, e ietahsetr, soorutwest. When no direc
white. But if one of directions is selected, one ar.
its size doubl es t obensdeglcedcttdeds. peagil fei g agpi bed twieem o e
the front angle of right controller is less than 40

Fi 89Arrows for answer s

9
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Eval uation of Spatial Recognition in VR

The str tobvweiurrtesalofci ty were madeTahBde prapaerdmphead
cityEdatg.time a subject tries a quels¢ectoa@s wetrtfhihe
files used to save city sThacdatre eaontsilsitne fhd o nmar
position, Uanndt yBDsspagéeei X, mdifilseiZzZaMflayd i axés: assigned t
sa pooihtigomund can be exghaestsed whiyhXXaaddZZpaszéesio
t xt Whensgenerating a city on txt dat a, reading | in
which one |l ine descrichas.esTxwterfei Imad euuesd n@gf omiet s catil
is essentially the opposite of city generation on t
scripts or manually when a certain bubtubhdiomg, hiet «
position and angle are then written into a txt file

Tab3ll&Exampl e of city dat a
Buil ding Xposit Zposit Angl e

3x3Buil di 10 190 0
Apart men 30 60 180
Par king 150 110 90
Shop 160 97.5 90
Par king 0 60 180
I1x1Buil di 0 20 270
Convenien 90 10 90
Donut 30 180 90
Fast Foo¢ 160 170 270

To help a user understand hotwo,tioad pplraayc ttihcies sacpepnlei cws
Essentially, what agshssémacagmenedo | ast heoBustrhge di r ect
instruction for abavie aomitddMMl hetrshéwpr alk t dsauecahs cassne, u
anssaentdi naerser aob.rded

()
|
(Y, X J‘C’Bﬂﬂé |
L. ERnLET |

\ M
-

)\EL?EGN'R& YyTvY

FigglExample of instruction

10
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3.3213D Model s

To makvei rtual city | ook appropriaWh, | 2Dderode¢elopi ofg bl

system of t hei nasptpalilceadt i3oDh so,bjpercet s i n Unity were used
objectsawpr elpsmiad slei dt hneoyt or d pnas gn truwiolfd iamgisnd o ws

So t hegyr andesraehl wsced wi th ori g.i nBJdryt walnlsyt,r ulcdt ekdi nrdosd ed
made in total: two 10 meters high buildin@sg.one 30

31}y two apartments, convenience st9re@olfiaet sta@aad omne
car (Ppiaglkp .

\\\.ll W74

FiglBD model of 50 meter high buildin

11
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Fi$l3B3D model of car park

Te3D buil dings were desniogtn esdo adse tsaiinhpelde saos apso snsoitb Iteo
much attention to them during the tasks. At | east

understand whatoraekhampl ¢é¢di nhlgei sonvenience;store an
parking | ot has asgyggcmapeahk samdidieassPadbb sfawesdo
it he | evel of @viasfufaelc td eutsaeirl' sd oseesnns e of f8kence or m

333VR City Expl ore

The third application is quite similar to the seco
directions with a map in a virtlia®%l BEiDt y,bjhkewtt salssee nm
the virtual <city, I ike a conveni enctehes tsoarnee, 3pDo |mocdee |:

used heBr Di r@uwita oahpoml.i cat

Fi%l 3R City Explore

12
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To emphasiayeltl hev gpdler e was slFdagiflabove the goal b

-
- T

OeaTIeEY Stow

Fi$laell ow sphere at the goal

During the task, a user can walk and | ook where hel/
is, the space used in thé&é reable? wuest elr s domihedvidni
this application is divided everdyi bddme kOfr sc.o uUA sues,era
function which enabl etsdk otntee tmt hheorv ewafsr oamdded. To hel
bl ock, red arrows ar e whowrhm arn owrcd (Rosgelir et/ ¢ hien diama tmo

N\ I

Fi 3%l Arrows which show directions a user

To jutmpetxd® bl ock, a usdrhapoiant ® watshheowbt dwc battiobbher
press a tbuggen ehaptd

13
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Eval uation of Spatial Recognition in VR

When making a 3D environment for games o0o@d applical
atur al and appropriadaesedtemnmpdtyh@w mevidtm lkcahtifisoma 2@ tuis e
an walk and | ook around freely in each bl ock of the
o the next bl ock. Besi des, motion in virtual spac.
ickOGebesr wiesem,chaves sympt oms, such as nausarad disori
ye ¢$tLE¥iem t hough the space in the ré&albewdrilfd eirse ngxhe
et ween motions of real and virtual worl d.

During gamepl ay, a user can take pictures in virt
ont (Foil@ld&dr Thi s camer aanids jtuostta @&l oH dvoidwstmaasleme nt . By p
humb button on right contr clalveadn asly ati friull @&ta nheaoruds | cya
roduwmshmgt efrors oifnfgf@ Ft Those camera i mages were used
ubjects aiodi aedematnidomp t o.

Figle/irtual camer a

14
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Fi%l Pi cture taken by virtual camer a

By pr dadstei inggert bleetfttonc oonnt rtoHcdi ¢ 1y, sd omaspeapt abowter ol | e
i hhvei rtual twhveilrd.uali heand c¢cameawmsé rtlhda fst ntagpnd umdv € md A to

that map shows is just positions of start iamd goal
application. But iwtaswd 9 unienad luesde rb eccaanu ssee ei twher e he/ s
he/ sheé& dnoeeesdn t o pay atest eenasynt a of ibgudrledi odwgts . whHitch dir
checking where tédaredcmovent position is

I n addition to thetdaiarbeo ssp etnite e wina eag Itea,s kn,u mbheer doaf no
and route are recorfdielde and are output in a text
Like VR direction quiz application, taphatpi ae user
scene was madecendea, tthe st sprfacm (Fic@% BEvuecrtyi oanc tairoen ,s hsounc h
how to move to next block, how to show al magte@dand hc

at where G&xeacdmmti molusies required for certain action.
s hojwu s te aibto.v

15
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Fi%l8 nstruction text

As opposed ¢iot mastmpeecsehbeenandf start .amed gompower e
of this scene is just practice, so no data is coll e

3331Scri pCist yf 0Gener ati on

Virtual cities wused in applications were generated
progdemsgned fomrstheftadhs. the city generation prog
as cshvifsi Iset.reet data needs ©Gtor ébeet nhadbea saendd ddéetsa ighnleei dc F
contains just t wiwo akdimedrse od U ondivadmbhteirppensan,aifaentd c an
csv file of street data consists of thr et katnds of
stands dbdraohdmlit] ,st andH jfucsrt rucsked etaon el Bi Bloto arel | s .
exampl e obpeitnedextcedat a

16
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A B C D E F G H I J K L M N Q P Q R & T
1 wow o w woow W
2 wow wow W w woow W wow W W W wow
3 wow wow W w woow W wow W W W wow
4 wow w o ow w w W woow
5 wWowww W W W w wow W W W wow
6 wow wow W w W W W w w o ow w w W woow
T wow wow W w W wow woow
8 wow wWow W W w wow wow W w W wow
5 woow wow W W w wow woow
10 woow W W Woww W w W
11 wow W W W woow Wow W W w wow W W W
12 w o ow w w W woow wow W W w wow W W W
13 wow W W W woow Woww W w wow W W W
14 w woow wow W W w w wo oW w
15 w w wow W w wow W w
16 W W WwWowow W wWow W woow W wow W
17 wow W w W W W W woow W wo oW w
18 Wowoowowowwow W w W ww W W W w wow W
19 Wowowowowwow W W W ww W W w W wow W
20 wWowwww W W W ww o wwww wow w
21

FilExampl e of street dat a
Once a csv file of street data is ready, city genet

for eitwafFligg@8@d or

www.Bandicamfcom

Fi 82 Roads

Each cell in csv file has 10Tmies et 8 meéedéeéhs aingd aeba
buil dings, so a size 1 building t dkies aipt 10has messt
and vacasna msepxatc,esbui |l dings arnFei flBuohdi hgset oabanpu
decided at randam.f fRusengdbey xcepnekheane some buil dings
other, this process needs to be done according to w

17
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Evaluation of Spatial Recognition in VR

from the T©€heosreesats onoawhy the distancef bpuiweiengvachauatl
which has size 3 on a space which distatnhce@eatir om r 0:
depending on the its angl e.

Fi g2 NVirtual city being generated

Bef ore deciding which building tdhentoenaiseft anlcess p
whi cdt hhea hi ghest di st anceNewal,ueonies bcuhidsdesea geetw brracrhd osm
cl osest to the distance value of the space is chose
The angle of that building needs towerdftdebedédohbo.
of building can face a road, anglAd ties et tti gt loante il
on hcehosen space, distance values of spaces where t hi
no buil dipugh erney mBbret her program calculates which v
accor dihbegi Itsbi anrggl eexampl e, when size 2 building is p
b), then spaces that buil dingntdaffastlhgptbitdui(ladi mg ,r qt
degrees c¢clock wise, spaced) changdle (antop cmd.,cublat e( ah:
equations for rota¢lpn(XJfanvdecY oar ec atnhdabneddaulvsgei inhael posi
positions @&afitsen hreotvatliuen.of rotati on.

8 WAT-O OOEF (1)
9 OOEF ®AT-O (2)

I f the di sttyrgspaoval hbesomd 0, in other words all/l t
generati@n2nildheowt, program does all the processe
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