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—From next time, lecture handouts will be online 1 hour
before the lecture. Print it if necessary.
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AREHBIF %~ Measuring Human

BEENSITEETOIE DREBRER DM 1 TEDDER
Five layers, from our initial will to our perception.

o fixi;EENETiHl.~Measure brain activity.

o iR - A7 ;EENEHHI.~Measure nerve activity.

o B {EM#ZREHE~ Measure autonomic nerve related
phenomenon.

® EE 58]~ Measure motion.

o\ IEIBEESR ~Ask the user (psychophysics)

Psychophysics

» Measure relationship between subjective
sensation and physical stimulation.
=Measure Human'’s sensing “ability”.

NN
* Important value: “Discrimination threshold”
— Limitation of “difference of two stimuli” AP,
which is perceptible
ex)
BakaBE

+ P=30g = AP=3g
+ P=3kg =AP=300g

* Weber-Fechner’s law (1834)

— AP/P=Constant
Can be applied to most sensation.

Weber-Fechner’'s Law

- P=P(S)
— P: subjective value of sensation
— 8: physical value of stimulation
— AP = subjective “scale” of sensation

Weber Fechner

. AP/P = Constant (1795~1878) (1801~1887)
— Integral of both sides gives P |1 2| :|)’ ‘|1 |5 |6

S o< logP I 1 I I I I
slg 10g 100g 1kg 10kg 100kg

« Conclusion: Our internal “scale” is logarithmic

* ex:
— Audio’s rotary volume

Resistance

Rotation Angle




Why Log? = Why not Linear?

N ‘,ﬁx
Our nerve quantimizes the phenomenon by impulses. {},.Z}w_x "
When we have only 6 scales... TORN e )
Linear i Log
i
—H——+—++ +—————
8 % J 4% 5 6 lg 1W0g 100z ke 10kg 100kg

By using Log scale, we can perceive more phenomena.

(ex) CCD cam: 20dB~30dB
Huma Eye:80dB(Can see stars and sun

Method of Psychophysical experiment

Purposes
*Measure “Discrimination Threshold” (DT), which gives AP
*Measure “Point of Subjective Equality” (PSE).

*Perceive two different stimuli as “same”.

&

W“

Point of Subjective Equality (PSE)
= What is the value of left weight, which can
be perceved as “same” as the right weight.

Discrimination Threshold (DT)
=What is the necessary difference
for discrimination

Major Methods:
Method of Adjustment, Method of Limit, Method of Constant

@:F%:%_~Method of Adjustment Easy,
HEREDIFETS Rough

@1E[R ;% ~ Method of Limit
KEEINRAETD

@1E%E %~ Method of Constant "™ sonsuming.
FELTRIBEOEEIMERD

f%5% .~ Method of Adjustment

Aoz 04— ILERS s ZKTE

£f1%& 5%~ Method of Adjustment

Z 4 3%~ Standard Stimulus

Ty

EE 8 Hi# .~ Comparison Stimulus

HE 3 RBDETIME L  CREE S R A B ik

®

1BRR %~ Method of Limit

25— —4i1R
EMZELRETT




1BPR %~ Method of Limit 1BPR %~ Method of Limit

1. F% 3.~ Descending Series 2. FE%5]. Ascending Series

H M
T 5t 3 38 H BRI BRI BRI
Standard Stimulus Comparison Stimulus Standard Stimulus Comparison Stimulus

AL B BRI /N | ms s B HEE |/ K

85 D EEDLERH DK E=_LRAfE.~Upper Threshold 85 CDEEDHERIB D KE="TFRE Lower Threshold
18FR %~ Method of Limit {88 %, Method of Constant
>
FRIEDEE AR RE1. 0 >
Threshold Calculation IR BRI
Standard Stimulus Comparison Stimulus
LRA{E:0.95 1. HERSEEMAET S RICETE)

2. —BEOLEFRHH-YDEBREHEF X E20EET S
. AET7*20=140ME. IS4 Al HEL. BEIZRSE S

TRAfE:0.85 BN THERROTARN [ HRAROEAEN
COHERMD, 07 1 19
«E ER B = (Point of Subjective Equality)(3(0.85+0/95)/2 = 0.90 08 3 17
¢ Bl (Discrimination Threshold)(&(0.95-0.85)/2 = 0.05 0.9 9 1
DFY, COTRENDHRIZEST, = = s
~REH09IHEATRABILL, 12 1 ;
~REDFAEENN0.05EETHAHZ LN DD > T-. 1 2 o
{85 i% .~ Method of Constant Summary
75% correct
s thresold Measurement of Human perception is neccesary for
@ 4 interactive system design.
g 10 /a/o"’
§0 75 4 \ ® [X;EBN51:8. Measure brain activity.
g ' \ ® Mi%-hiEBEHH.Measure nerve activity.
% s ZRERSHER _ o BEM#EREHA” Measure autonomic nerve
E ) Tumurative Density Function related phenomenon.
5 ® ;EEjEHAl.~Measure motion.
W o IHIEYIREER ~Ask the user (psychophysics)
o .
E 08 1.0 12
. . They can be used both as a evaluation tool, and
LERINR. Congarison Stimulus art of an interactive system
part of an interactive system
FEMZ{E s Point of Subjective Equality




Outline of the lecture

AREH8IF %~ Measuring Human

%8 . Human Vision System

HE LU Visual Sensing
BET1RTL 41 Visual Display

BEE, BE 4 471—X.Auditory Interface
fils | fiE 27— X ~Tactile Interface
HE. AE (2B Tx—R Haptic Interface
BERE (2T —R . Locomotion Interface

®NDOA N =

TODAY’s TOPIC

« Ho#&i&E . Eye structure

- B®+t>Y .~ Eye sensors

+ BA{TE41%E.Depth perception
-+ EREKIZEE).~Eye movement

. f3J&Cornea: surface lens -
— LASIK: Laser in Situ Keratomileusis
+ JK&4K.Lens: Internal lens.
— Focal length is adjustable by deformation.
- 815 Iris: Adjust amount of light.
+ #8f£.Retina: Light sensor

HASEDELE~Comparison with Camera

ik + LY X Lens
il I Camera: 1
i i Eye: 2
« BT %./Iris: same
« Y. Sensor
Camera: Film or CCD

Illf T
i 4 Eye: Retina

- Difference = Focal length adjustment(££ = 5f &)
— Camera: Shift lens
— Eye: Deform lens

) (=
-l & .~ Fovea: Center of vision. Very high spatial resolution.
« Optic nerve: Nerve from retina to brain.

Optic nerve is in front of the retina. (transparent)

*H =~ Optic disc (blind spot): Hole that optic nerve axons exit.

H 2.7Blind Spot

. +

e o

*Close your right eye, and gaze ‘+’ with your left eye.
*Move the paper back and force, and find ‘@’ disappears.

*You also find the line connected.




TODAY’s TOPIC

+ HO#iE.~Eye structure

- B®+t>Y .~ Eye sensors

« BA{TE41HE.Depth perception
-+ EREKIZEE).~Eye movement

HBIE D18 #HAE.~ Optic cells in the retina

=

)

+ Rod Cell (#2{4#1A2) and Cone Cell (#{A#ia)
— Light to electric conversion is done at outer segment.
— Channels composed of protein is opened by the light.
— Rod cell has longer outer segment.

BIXHIRE. Rod cell

» Black and White sensor.
* Plays major role when dark

» High sensitivity (x100 cone cell)

— Can capture single photon
- One eye has 130,000,000 cells. .-

* Slow response.

#f{AHARE.~Cone cell
* Color sensing

— Three types (L,M,S)

— Caused by different proteins in N

the channel.
» Play major role when bright.
* Has lower sensitivity.
» One eye has 7,000,000.

+ Clustered at fovea (HIVE).

» Fast Response.

2 4RHHRE - # 4K $ER8 . Rod cell & Cone cell

Normalised absorbance

i Qmn Gy ek
Wavelength (am)

* Rod cell: black & white sensor. center = 498nm.
Green Laser Pointer is the best for presentation.

* Cone cell:Three types
S:420nm, M:534nm, L:564nm
Color perception is based on the combination of the three.

BENE AH=X L.~ Brain color perception # R,G,B

Take differentials and
compose another 3 axis.

+ L+M(+8) (Blightness)

» M-L(Red-Green axis)

* S -(L+M)(Blue-Yellow axis)

» They are the basis of
“complementary color" (&) : : —.

— there is no such thing as “reddish green”




124K - #4K D 9> %1~ Distribution of the cells.
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Dengity in thousands per square mm

-&0 -60

60

0 -z D
Angular separation from foves { degrses)

®Cone cell = central vision (1) 8)
v'Peripheral vision is almost color blind

®Rod cell = peripheral vision (J&i1%8)
v'You can see stars better by peripheral vision

AR ADFHRETR (1)

VAVAVAVAVAVAVAVAVIAVAVAVAY,

1 A

Y. Okano, S. Fukushima, M. Furukawa, H. Kajimoto, "Embedded Motion",
SIGGRAPH Asia 2010, Poster, Korea.

RAEHF~DIFHRER(1)

OFEIIMHBFADERIREICELONATNDSE, $0HLEREGRHK
EERYBHITFAIR
OENBRHDIZINKHMBEEIZV=>EHETR

EDREBFADEHRE R (2) lllumiRoom

Brett R. Jones: lllumiRoom: Peripheral Projected lllusions for
Interactive Experiences,CHI2013

http://www.youtube.com/watch?v=re1EatGRVOw

BME (T ZEFEFGRENMEL
Color process has very low resolution

Flowers

Color only




RGB and YCbCr(YUV) a

RGB: corresponds to 3 cone cells. u

Mathematics tells us... X
ANY 3 independent vectors can be “basis vectors”

(orthogonality not required)

Cb =-0.148R - 0.291G + 0.439B + 128
Cr = 0.439R - 0.368G - 0.071B + 128

¥,
Used in JPEG image compression  iiuebiri:

S
RGB = One type of 3 independent vectors. 7
There are infinite ways.
L/
YCbCr (YUV): Y(blightness), Cb(color axis 1), Cr(color axis 2) ’
Similar to brain’s color perception. E
Y 0.257R + 0.504G + 0.098B + 16 i U

5 .~ Color blindness

» One to three types of cone cells lacks.

HBIE TOEHRLEE . Retinal image processing

®Sensors: About 200,000,000 / eye
®Nerve axons to the brain: about 1,000,000 / eye
®Retinal image process: 200 cells=1 output

Key to the retinal process: “Mach belt” illusion

Subjective perception

Physical value

BN~ Lateral inhibition (1/3)

10—0.1x (10+10)=8

» Synaptic calculation
» Central input: +(plus)
 Surrouinding input: -(minus)

{EI$P#] .~ Lateral inhibition (2/3)

10 1010101010 5 5 5 5 5 5
8.08.08.08.085354.04.04.04.0




I~ Lateral inhibition(3/3):
Harman grid illusion
L& o ___§ N § |

(1) B3R~ peripheral vision: the cross point
becomes dark, due to lateral inhibition

(2) il 8~ central vision: No such effect
=The peripheral vision “compress” larger field.

TODAY’s TOPIC BiTEME D Depth perception cues
- BB ~With single eye
—#28% ~Experience
— £ S EAE .~ Accommodation
—ZEtH =~ Motion Parallax

- B~ Eye structure . THERTE With two eyes m a
- BOtLYE 5 ‘ =

g ;agﬁg;u%«_ /Dgstseplizfption — 82813 Vergence eye movement

- BRERES). Eye movement — M BR$RZ ~Binocular disparity

Depth cue(2) £ =i &7~ Accommodation:

Depth cue(1) #82.~Experience Changing the power of the lens

« E73Y (E#) ~Occlusion
— Occluded (shielded) objects are more
distant than occluding (shielding) objects.

 i®ifiikPerspective » Automatic focus adjustment by lens deformation
_ Near= Large, Botiom, Clear + The adjustment itself works as depth cue.
— Far=omall, lop, ur

-+ EEt&Memory P — works at close range.

— Knows the physical size




Depth cue(3) &R Z .~ Motion Parallax

* When the head moves...
— Near: Moves in the opposite direction.
— Far: Does not move, or moves in the same direction.

Depth cue(4)é&#:.~Vergence eye movement

» The eyes converge (move inward) and diverge
(move outward) by distance.

$REx - RETFEDME

Vergence-accomodation conflicts

» Accommodation & vergence
are slightly coupled.

» Stereo display problem:
— Accomodation=constant
— Vergence = variable
=Severe Fatigue

Vergence

Accommodation

{ \
[ Eﬁhﬂﬁﬁ] Displa
\
\

$RER - FRETFE DR

Tolerance of vergence-accomodation conflicts
150+

ergence

100}

= s cxo Display

’ : ‘.
(ex) Display with 50cm
away from the eyes:

Accommodation
>

Virtual Image position (cm)

25cm to 1m virtual object
can be displayed.

True display position (cm)

Depth cue(5) mAR#R 2~ Binocular disparity

{ b
" ~
g |
e} i
7 =
« Dispality = image shift
'-: — Vergence: single point.

— Binocular disparity: whole field of view.
* Most important for VR system

Stereogram
—




SUF LRI RTLAT S L
Random dot stereogram (RDS)

» Proof of “pure disparity can be distance cue”.

Before the RDS, “experience” was thought to play B ¢
major role.

« Found and used during Vietnam War.

TODAY’s TOPIC

+ BHO#iE.~Eye structure

- B®+t>Y .~ Eye sensors

+ BA{TE41%E.Depth perception
« ERBK:EE).Eye movement

Eye movement

* 6 muscles (3 pairs) rotate eyes.

Eye movement: A hFEELT.~As an Interface

How to measure Eye movement

vt e P <
« 73 0% 8I%E ~Analog measurement
- avA9kL X/ Contact Lens
- BRIEE i1~ Electrooculography
- MER St Limbus Tracking Method

« E{&4LIE ~Computer Vision
— 1\ T T HT14T 1A%/ Passive-Active Methods

av4%4 kL2 X/ Contact Lens
+ HAES ST (Kymograph)

e N)T—23v
— AFTahIL L=k
VBRI XITINSS—&5E /
- ¥—FaSik i
AUATRLYRIZaAVEER \-;\\\ _

10



AR E L
Electrooculography, EOG

« Horny coat(ff&) has ~1mV positive
voltage to Retina(#f[#)

» Electrodes(ZE#&) around eyes.
=Measured voltage is proportional to
eye rotation.

» Has wide range (velocity, frequency )@

» Accuracy not so good (1 deg~)

388 & 51~ Limbus Tracking Method

+ Emit IR light to the eye, measure reflected light.
R H BB OBEAICHIMRIBST, RETSEHA

* Received light: White part > Black part.

» Good for horizontal eye motion.

R

leas shape contoll system eye direction sensor

RTERER LA

Computer Vision

» Capture eye image.

* By image processing
(pattern matching), eye
center is calculated.

* Reflesh rate = video rate.

418 Iz 51 Reflection at Horny Coat
. ERROAEBSEIRNAS |

BIEREHE (TILFTE) HD '
BREKEENZ 258

© ETAAASTHRE>EGLE
« BAADEDEMIEERED

aARE

7 BIRK D F|AH.~Red-eye Effect
« BOLUXICKRBIRERSTRIEOCR
(ME)ARHFTIEHER. KiRITER->TLD

- REE2BE(RAEMLENEN AETNE
%"Wf%&b'cﬂ*ﬂf—lﬂﬁﬂj_l //_,

F w HATHI L DHEALED O
| 22
i l L l ML THAFIHLED
I

E5EMR BABAOHADK>TLD

AR¥XZEE) DFEXE.~Eye movements

o RL—X/—R—+GEEIMEAREKEE)) ~ Smooth Persuit
— Follow slow movement of small dots. Voluntary (conscious)

o By —F (BkEEMERREREE)) .~ Saccade
— Stepwise movement g%

(BRIRERY)
— Motion start is voluntary and involuntary.
— During motion,

+ You cannot stop (involuntary) nm(sec)

« Visual acuity drops.
HEMOBE),
QR
SsrEn

(ERBRERY)

+ EfR#E).~Miniature eye movement
— Very small vibration. 30~ 100Hz.
— Reflesh the image on the retina.
« Anesthetisation of muscles=>No visual image.

5]

S E—
Bﬁh(sec)




RELD=HDREGTELTDIREKES)
Eye movement for stabilization

* HIFESNER & 41 Vestibulo-ocular reflex(VOR)

— Cancel head rotation

" "\ BN
(b ) ( @ |
. . \FA\\*/\K}R/

Railroad ties

- HEHEERBKEE)~ Optokinetic Response(OKR)

— When the whole V|sual fleld moves, the eye follows.

%% :Chicken Head Tracking - Smarter Every Day

http://www.youtube.com/watch?v=_dPIkFPowCc

TODAY’s SUMMARY

- BRD#EE . Eye structure
— conea, retina, fovia, blind spot
» BRD+t> 4. Eye sensors
— rod cell, cone cell, color vision
— peripheral & central vision
— image processing
« B{TEENE ~Depth perception
— accommodation, vergence
— binocular disparity
- BRBkEE).Eye movement
— smooth persuit, saccade,
— VOR, OKR

INF R/ Mini Test R[EIRAIAE TIZIRE
https://goo.gl/forms/85xfExX2mLheNncR2
J'Fd)g’cl 100F LANFEE THZ £ & Answer all questions within 50 words

1. DI/N—TzeF—DERIIT DOV TEBAE & Explain Weber-Fechner's law
2. PEKIZDOLTEBIE & Explain the method of adjustment.

3. HBRRIEICDULVTERBAE & Explain the method of limit.

4. fEEXITDULTEBAE & Explain the method of constant.

5

. SRR LARRMIRE D S F DE LS DLV T R & Describe difference of distribution
of cone cell and rod cell.

6. SRR AR DBAR S LUBRBRZMEDEIC DN TR & Describe difference
of color and brightness perception of cone cell and rod cell.

7. HERFAIZDOLTERBAE & Explain Accommodation

8. EHREICDULVTEBAE KExplain Motion Parallax

9. ¥EEEIZDUNTERBAE & Explain Vergence Eye Movement

10. SBEEER AT FFE 12 DLV TERBAE & Explain Vergence-Accommodation Conflict

11. @WER#RZZ DLV TERBAE & Explain Binocular Disparity

12. BIBEENAR R 4TI DLV TERBAE & Explain Vestibulo-ocular reflex(VOR)

13. FEEN AR BRE B 2 DUV TERBA# &kExplain Optokinetic Response(OKR)
EREE LI EHEIC DL TEBAE & Explain Electroculography (EOG)

14. 588 R&HAICDULTERBAE & Explain Limbus Tracking Method

15. fA 8l i3S DUV TEBAE & Explain Eye Capture System Using Reflection at

12



