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Handouts on the web

http://kaji-lab.jp/|a/indeXx.php?people/kaji/interactive

~REF2014FBAEMMTNET  RRICEZTNEFT,
—Temporary, 2014 Japanese version. Will be replaced
progressively.
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—From next time, lecture handouts will be online 1 hour
before the lecture. Print it if necessary.



http://kaji-lab.jp/ja/index.php?people/kaji/interactive
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AMEET I %~ Measuring Human

. .‘, /

EONOITEIRTOIEDRBZE RS T 500)51[5“‘
Five layers, from our initial will to our perception.

® fixi ‘EEJJ £1i81.~Measure brain activity.
5;EENET Rl Measure nerve activity.

® 1$*$$"$n+mll/ Measure autonomic nerve related
phenomenon.

@ E F)51:H]~Measure motion.
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IO

IBEER ~Ask the user (psychophysics)




Psychophysics

7 \%o,, K7
« Measure relationship between subjective S, &

. . . . o, ;
sensation and physical stimulation. w
=Measure Human’s sensing “ability”. 2N R

* Important value: “Discrimination threshold”
— Limitation of “difference of two stimuli” AP,
which is perceptible
ex)
« 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
— S: physical value of stimulation -
— AP = subjective “scale” of sensation  Weber Fechner

AP/P = Constant (1795~1878) (1801~1887)
P 1 2 3 4 5 6

— Integral of both sides gives l | I l I I
S o< logP
slg 10g 100g 1kg 10kg 100kg
Conclusion: Our internal “scale” is logarithmic

A
* eXx:

— Audio’s rotary volume

Resistance

>

Rotation Angle



wWhy Log? = Why not Linear?

Our nerve quantimizes the phenomenon by impulses.
When we have only 6 scales...

Linear

- -
o o o g 3
g o o o o 3

I'h
(|

lg 2g 3g 4g bg 6g 1g  10g 100g 1kg 10ke 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”.

Discrimination Threshold (DT) Point of Subjective Equality (PSE)

=What is the necessary difference = What is the value of left weight, which can
for discrimination be perceved as “same” as the right weight.

Major Methods:
Method of Adjustment, Method of Limit, Method of Constant
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7%/ Method of Adjustment Easy,
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Ri% .~ Method of Limit

XERADVFET D

EX Method of Constant ~ "™¢goreumne.
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%2 5% .~ Method of Adjustment
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%2 5% .~ Method of Adjustment

T AE 133~ Standard Stimulus

)

Lb %5l 8~ Comparison Stimulus
————— e ———
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PR %~ Method of Limit
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PR %~ Method of Limit

1. & %I.~Descending Series

M
2RI B LL BRI 3
Standard Stimulus Comparison Stimulus
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@ CDEZDLLERRH D RE=_LEIE.~Upper Threshold




PR %~ Method of Limit

2. L5 &% Ascending Series

M
T K LEER IR
Standard Stimulus Comparison Stimulus

SR D EEs TRy /P

@ —DEED LR R D FKES=TEIE.~Lower Threshold



PR %~ Method of Limit

D

EEDETE EXEF:EX1. 0
Threshold Calculation

L+ EAfE:0.95

TEA{E:0.85

CORERMD,
¥ ERY Sl 51 (Point of Subjective Equality)((0.85+0/95)/2 = 0.90
-+ Rl 15 (Discrimination Threshold)(%(0.95-0.85)/2 = 0.05

DFY, COTXHDERIIZEST,
REMN09HATRASDI L,
REIDFHIGENNO0.05FBETHA_EM D oT-.




{853k~ Method of Constant

M
T K LEER IR
Standard Stimulus Comparison Stimulus

1. HEBRIBEEHBET S WHITIE7E)
2. —{E®LLLERKHHI-YDEEREHEHZIL20EET S
3. BEt7x20=140[1], [FF LIZJHLEL. s&8F —IRESES

HERH THERBDANEN] THERFHDOFHIE]

0.7 1 19
0.8 3 17
0.9 9 11
1.0 15 5
1.1 17 3
1.2 19 1
1.3 20 0



{853k~ Method of Constant

75% correct
threshold
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L8138~ Comyarison Stimulus

F £ s= .~ Point of Subjective Equality



Today’'s Summary

Measurement of Human perception is neccesary for
interactive system design.

i ;EBNETB.~Measure brain activity.
® ?%%-ﬁﬁlﬁiﬂ £1:8].~Measure nerve activity.

® HiEFMIRZRET:HE, Measure autonomic nerve
related phenomenon.

® =&+~ Measure motion.
o [IEYIEEER ~Ask the user (psychophysics)

They can be used both as a evaluation tool, and
part of an interactive system




Outline of the lecture

© NOoO Ok bR

A58 % .~ Measuring Human
f8E . Human Vision System
REt> % ~Visual Sensing

BHBE T RXT LA~ Visual Display

e EEA24271—X 7 Auditory Interface
e e 27T —X Tactile Interface
hE . AEA2T1—X ~Haptic Interface
BERE A 2T7T—X ~Locomotion Interface




TODAY’s TOPIC

Cornea
/
’
’
,
Fixation
point Light 7
Fovea
\
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Optic

nerve

Optic

Pigment
epithelium disc

Quter
segment

Synaptic
terminal

Plasma

~ Cilium -

membrane

Inner
segment

Nucleus

- BDfEE
- BOt2Y .~ Eye sensors

. BA{TE40E .~ Depth perception

Synaptic
terminal

Eye structure

- EREK:EE).Eye movement




AR D#&1& .~ Eye Structure

Cornea

Fixation
point

Pigment Opti

A&~ Cornea: surface lens pithelium disc
— LASIK: Laser in Situ Keratomileusis

K&K~ Lens: Internal lens.
— Focal length is adjustable by deformation.

BT ¥ .~ Iris: Adjust amount of light.
#8l& .~ Retina; Light sensor

Laser beam
| reshaping the
cornea during
LASIK procedure




HASED ELER .~ Comparison with Camera

T + LYX Lens
U ’ Camera: 1
y — @ =— Eye: 2

e BT /Iris: same

e 22 “Sensor
Camera: Film or CCD

Eye: Retina

- Difference = Focal length adjustment(£ s R &)

— Camera: Shift lens
— Eye: Deform lens



K.~ Retina = Optical Sensor

L(‘)f 1E2d

P
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Fixation \

point

Pigment %
epithelium disc \

Optic

o[

« Optic nerve: Nerve from retina to brain.

PCWer
\ }-— /ep‘th Eliven
Ganglion

cell }-..

il .~ Fovea: Center of vision. Very high spatial resolution.

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

B B~ Optic disc (blind spot): Hole that optic nerve axons exit.



B & Blind Spot

- +

o 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
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AR D R #ARE.~ Optic cells in the retina
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Rod cilium Cone
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 Rod Cell (1#{A&#i&) and Cone Cell (#{AHHka)
— Light to electric conversion is done at outer segment.
— Channels composed of protein is opened by the light.
— Rod cell has longer outer segment.



12 AHE. 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.

Outer
segment

Inner
segment

Synaptic [
terminal |

™ Discs

—— Cytoplasmic space

Plasma
membrane

%l/ Cilium ————
6%

| ___— Mitochondria —

Nucleus

[}
L)
0 0

Rod



#{A#ARE . Cone cell A

~Quter
segment
e Color sensing Cilium
Mitochondria

- Three '[ypeS (L,M,S) Inner
segment

— Caused by different proteins Iin o

the channel. S

_oynaptic

| terminal

Play major role when bright.

Has lower sensitivity.

One eye has 7,000,000.

Clustered at fovea (I E).

* Fast Response.



12 {AHERS - #{AHHR2.Rod cell & Cone cell
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* 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.



BT AHD=X L.~Brain color perception # R,G,B

Take differentials and
compose another 3 axis.

« L+M(+S) (Blightness)

- M-L(Red-Green axis)

¢ S -(L+M)(Blue-Yellow axis)

B Red-green mechanism

* They are the basis of
“complementary color”(*ﬁ@)

— there is no such thing as “reddish green”

Normalised absorbance
"




12K - #{K D 5 %7~ Distribution of the cells.

200

Cone

-~ density

on
=

100

Density in thousands per square mm

n
=

- 50 - &0 - 40 - 20 0 20 40 &0 al
Angular separation from fovea (degrees)

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

®Rod cell = peripheral vision (J&3i2%8)
v'You can see stars better by peripheral vision
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FELAMRE~DFEHER()
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Y. Okano, S. Fukushima, M. Furukawa, H. Kajimoto, "Embedded Motion",
SIGGRAPH Asia 2010, Poster, Korea.



BB EFADEHRE R (2) lllumiRoom

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





http://www.youtube.com/watch?v=re1EatGRV0w

BIE (X ZEFHFREIEL
Color process has very low resolution

Flowers

Color only




RGB and YCbCr(YUV)

RGB: corresponds to 3 cone cells.

Mathematics tells us...
ANY 3 independent vectors can be “basis vectors”
(orthogonality not required)

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

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

vV
http://naruken.cweb.tk/diary

Used in JPEG Image compression  aycarkeyircizoor



http://naruken.cweb.tk/diary/diary.cgi?key=ircf2007

5 .~ Color blindness

* One to three types of cone cells lacks.



MR TOEIHRAIE ~Retinal image processing

—
e ———

—

=

Rod

@ 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




{AI3N4%1]~ Lateral inhibition (1/3)

1 10—0.1 X (10+10)=8
10

;)

D g

« Synaptic calculation
« Central input: +(plus)

Al
(TRTEIIITEE
. T,
B
—ommw §
([T

G
P A i Gl /2 (=]
A

* Surrouinding input: -(minus) V@ Ve x




{I3N4%l]~ Lateral inhibition (2/3)

==

10 10 10 10 10 10 5 5 5 5 5 b5
8.08.08.08.0853.54.04.04.04.0



{EI3N#FI.~ Lateral inhibition(3/3):
Harman grid illusion
B _ N N N B

(1) 388~ peripheral vision: the cross point
becomes dark, due to lateral inhibition
(2)5il»#8 .~ central vision: No such effect
=The peripheral vision “compress” larger field.







TODAY’s TOPIC

Cornea
A Cytoplasmic
’
7 OQuter
Fixation segment
point Light 7 Plasma
membrane
Fovea
Cilium —
_—— Mitochondria
\ Inner
N segment
Nucleus
Optic
Pigment Optic "eve Synaptic [ Synaptic
epithelium disc terminal | terminal

- BD#1E1E ~Eye structure

- Bt Y. Eye sensors

« BITEHNE Depth perception
- EREK:EE).Eye movement



B ITEHE D HE.Depth perception cues

- HARME . ~With single eye

— #2E&% ~Experience

— £ A EAEN .~ Accommodation
—EFfHZE_Motion Parallax

- AR 4.~ With two eyes m m

—EREEH Vergence eye movement
—mBERfRZ Binocular disparity




Depth cue(l) #£E%.~Experience

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

.« =% Perspective
— Near= Large, Bottom, Clear
— Far = Small, Top, Blur

Y/

A )
(({il - E2I1E.Memory

— Knows the physical size

'!!262{".:,




Depth cue(2) £& =5k &~ Accommodation:
Changing the power of the lens

« Automatic focus adjustment by lens deformation

« The adjustment itself works as depth cue.
— works at close range.



Depth cue(3) :E &R = 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)§8%:.Vergence eye movement

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



iR - SAENF B DEE

Vergence-accomodation conflicts

« Accommodation & vergence
are slightly coupled.

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

Accommodation

Vergence




!

To

Accommodation

(ex) Display with 50cm

away from the eyes:

% - BAEN B D REE
erance of vergence-accomodation conflicts

Virtual Image position (cm)

25cm to 1m virtual object

can be displayed.

150

10 | 50
True display position (cm)



Depth cue(5) MBEfRZ= . Binocular disparity

Fixation
point

Interpret as far

Images of fixation
point are fused

Interpret as close

« Dispality = image shift

— Vergence: single point.

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



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

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

* Found and used during Vietham War.




TODAY’s TOPIC
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Eye movement

Eye muscle

* 6 muscles (3 pairs) rotate eyes.



Eye movement: A FEEL T~ As an Interface
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How to measure EY€ movement

. TTDO,EIJE/Anang measurement
— ARk X~ Contact Lens
— BRIEE L.~ Electrooculography
— B/ &t~ Limbus Tracking Method

I

E{R AL~ Computer Vision
— I\ T T HOT4775h %/ Passive+Active Methods




a9 kL2 X/ Contact Lens

e HATEY S7(Kymograph)
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iR K E i
Electrooculography, EOG

« Horny coat(& &) has ~1mV positive
voltage to Retina(48&)

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

« Has wide range (velocity, frequency)é

« Accuracy not so good (1 deg~)



i@ & ;2 8%~ Limbus Tracking Method

« Emit IR light to the eye, measure reflected light.
R BHEB B DEFICHFIERES RETICETA]

* Received light: White part > Black part.

« Good for horizontal eye motion.

. O NIk - 1

q o,
~
\.
"\
hY
.
\.

eye direé(ion sensor
T TR L lens shape controll system y



Computer Vision

« Capture eye image.

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

 Reflesh rate = video rate.




A% I &t~ Reflection at Horny Coat
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7 BIRZ D FI F.~Red-eye Effect

» BOLUXICESBRERN THIEDOR
(ME)MNRHFITHI|ER. HIRICIESTLS
» giRz2EE (RS ENEN) REITNIE
= EGRELTEALZITREATEE

AW L THRLVESLED

51 B BEASTOARAL KA 2TINE



AR BK & &) (D FE 5.~ Eye movements

o RL—RX/IN—X—FCGEEIEIREKES)) .~ Smooth Persuit

— Follow slow movement of small dots. Voluntary (conscious)

LYYy R ERIERRED) SSaccade |,
— Stepwise movement : /

: : _ (BREREED)
— Motion start is voluntary and involuntary.
— During motion,

EFE0

_ 0 1
* You cannot stop (involuntary) B (sec)

» Visual acuity drops.

- ERMEN. Miniature eye movement
— Very small vibration. 30~ 100Hz.

— Reflesh the image on the retina.
» Anesthetisation of muscles=>No visual image.

(ARERIEED)

'

B fEl (sec)



ZEALDT=H D R 5T EL THDRREKEE)
Eye movement for stabilization

. HIBEENAR R &t~ Vestibulo-ocular reflex(VOR)

— Cancel head rotation.

@ &)

| ~ “\
- HREENEAREKIEE).~ Optokinetic Response(OKR)

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

Railroad ties




Z% :Chicken Head Tracking - Smarter Every Day

- -

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


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

TODAY’s SUMMARY

- BED#E1E .~ Eye structure
— conea, retina, fovia, blind spot

« R+t 4. Eye sensors

— rod cell, cone cell, color vision

— peripheral & central vision

— Image processing

B {TEHE ~Depth perception
— accommodation, vergence

— binocular disparity

- EREK:ES).Eye movement
— sSmooth persuit, saccade,
— VOR, OKR




INT A/ Mini Test R[EIRIRE T

LUTDETIZ100F LINIEE THEZE K.~ Answer all questions within 50 words

1.
2. 1BFR;EIZDULVTERBAHE & Explain the method of limit.

3.

4. HEIAHREEIRIAHED S DEWNIZDUL TR R & Describe difference of distribution

o1

© N

SREEIZDUNTERBAHE & Explain the method of adjustment.

B %IZDUVTERBAHE & Explain the method of constant.

of cone cell and rod cell.

RS RHREDOBARBE LUBRRZMEDENDIZDOL TR K Describe difference
of color and brightness perception of cone cell and rod cell.

£ L ERAET I DULVTERBAE & Explain Accommodation
EEFIRZEICDULNTERBAE KExplain Motion Parallax

ERER(ZDUVTERBAE & Explain Vergence Eye Movement

. BRERAE F B DL VTERBAE & Explain Vergence-Accommodation Conflict

10. AR R Z= (2 DUV TERBAH & Explain Binocular Disparity
11. BiESNER R &HZ DU TERBAE & Explain Vestibulo-ocular reflex(VOR)
12. $FHEEN R BKGEE 2 DUV TERBAH L Explain Optokinetic Response(OKR)

AREE AL ETRIIZDUNTERBAE & Explain Electroculography (EOG)

13. 38R R 51X DULVTERBAE & Explain Limbus Tracking Method
14. AR &% DUV TERBAE & Explain Eye Capture System Using Reflection at

Horny Coat



