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Sim
ple Sensing/Perception M

odel 

Virtual R
eality 

U
sing V

R
 to stim

ulate the senses 



Senses 

• H
ow

 an organism
 obtains inform

ation for perception: 
• S

ensation part of Som
atic D

ivision of Peripheral N
ervous System

  
• Integration and perception requires the C

entral N
ervous System

 

• Five m
ajor senses: 

• S
ight (O

pthalam
oception) 

• H
earing (A

udioception) 
• Taste (G

ustaoception) 
• S

m
ell (O

lfacaoception) 
• Touch (Tactioception) 



S
ight 



Field of View
 

S
ee https://vrw

iki.w
ikispaces.com

/Field+of+view
 

• H
um

an frontal FO
V

 
• 100-110

o horizontal per eye 
• U

p to 200
o-220

o horizontal 
• B

oth eyes 
• 110

o-120
o stereo overlap 

• Foveal Field  
• 60

o horiz/vertically 
• B

oth eyes can see in focus 
 

Field of View
 of R

ight E
ye 



Types of Visible Perception Possible 

• A
s m

ove further from
 fovea, vision becom

es m
ore lim

ited 
• C

olour vision only possible in central visual field 



Vergence + Accom
m

odation 

• Vergence = eye rotation 
• A

ccom
m

odation = eye focusing 



Vergence-Accom
m

odation C
onflict 

• Looking at real objects, vergence and focal distance m
atch 

• In Virtual R
eality, vergence and accom

m
odation can m

iss-m
atch 

• Focusing on H
M

D
 screen, but accom

m
odating for virtual object behind screen 



The Perfect R
etina D

isplay 
• A H

M
D

 capable of creating im
ages indistinguishable from

 
reality w

ould need to m
atch the properties of the eye:  

• FO
V: 200-220° x 135° needed (both eyes) 

• 120° stereo overlap 
• A

cuity: ~0.4 arc m
in (1 pixel/0.4 arc m

in) 
• P

ixel R
esolution: ~30,000 x 20,000 pixels 

• 200*60°/0.4 = 30,000, 135*60°/0.4 = 20,250 
• P

ixels/inch: > 2190 P
P

I @
 100m

m
 (depends on distance to screen) 

• U
pdate rate: 60 H

z 

• The biggest challenge: bandw
idth 

• com
press and transm

it huge am
ount of data 

• drive and operate display pixels 



C
om

parison betw
een Eyes and H

M
D

 

H
um

an Eyes 
H

TC
 Vive 

FO
V

 
200° x 135°  

110° x 110°  
S

tereo O
verlap 

120° 
110° 

R
esolution 

30,000 x 20,000  
2,160 x 1,200 

P
ixels/inch 

>2190 (100m
m

 to screen) 
456 

U
pdate 

60 H
z 

90 H
z 

S
ee http://doc-ok.org/?p=1414 

http://w
w

w
.clarkvision.com

/articles/eye-resolution.htm
l 

http://w
olfcrow

.com
/blog/notes-by-dr-optoglass-the-resolution-of-the-hum

an-eye/ 
  



D
epth Perception 

• The visual system
 uses a range of different S

tereoscopic 
and M

onocular cues for depth perception 

Stereoscopic 
M

onocular 
eye convergence angle 
disparity betw

een left 
and right im

ages 
diplopia 
 

eye accom
m

odation 
perspective 
atm

ospheric artifacts (fog) 
relative sizes 
im

age blur 
occlusion 
m

otion parallax 
shadow

s 
texture 

P
arallax can be m

ore im
portant for depth perception! 

S
tereoscopy is im

portant for size and distance evaluation 
 



Stereo Perception/Stereopsis 

• E
yes separated by IP

D
 

• Inter pupillary distance 
• 5 – 7.5cm

 (average. 6.5cm
) 

• E
ach eye sees diff. im

age 
• S

eparated by im
age parallax 

• Im
ages fused to create 3D

 
stereo view

 





Stereo Pairs 

• 3D
 im

age form
ed by tw

o separate view
s 

• C
ross eyes to view

 



O
ther D

epth C
ues 

• Focus effects – blurring of objects 
• H

aze – hazier objects m
ore distant 

• C
olour – bluish objects m

ore distant 
• M

otion D
ynam

ics – objects in relative m
otion 

• P
erspective – change in relative size 

• Texture – becom
es sm

aller further aw
ay 

• P
rior know

ledge – know
n size of obejcts 

• O
cclusion  

• S
hadow

s 
• E

tc 



H
earing 



Sound Localization 
• H

um
ans have tw

o ears 
• localize sound in space 

• S
ound can be localized 

using 3 coordinates 
• A

zim
uth, elevation, 

distance  



Accuracy of Sound Localization 
• P

eople can locate sound 
• M

ost accurately in front of them
 

• 2-3° error in front of head 
• Least accurately to sides and behind head 

• U
p to 20° error to side of head 

• Largest errors occur above/below
 elevations and behind head 

• Front/back confusion is an issue 
• U

p to 10%
 of sounds presented in the front are perceived com

ing 
from

 behind and vice versa (m
ore in headphones) 
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Touch 



Touch 
• M

echanical/Tem
p/P

ain stim
uli transduced into A

ction 
P

otentials (A
P

) 
• Transducing structures are specialized nerves: 

• M
echanoreceptors: D

etect pressure, vibrations &
 texture 

• Therm
oreceptors: D

etect hot/cold 
• N

ocireceptors: D
etect pain 

• P
roprioreceptors: D

etect spatial aw
areness 

• This triggers an A
P w

hich then travels to various 
locations in the brain via the som

atosensory nerves 



Spatial R
esolution 

• S
ensitivity varies greatly 

• Tw
o-point discrim

ination 

B
od

y 
S

ite 
Th

resh
old

 
D

istan
ce 

Finger 
2-3m

m
 

C
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B
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http://faculty.w
ashington.edu/chudler/chsense.htm

l 


