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Handouts on the web

http://kaji-lab.jp/ja/index.php?people/kaji/interactive

~REF2018FMAEMNTUVET , RRIZEZATLEFET,
—Temporary, 2018 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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AF'HEJ"h,JI—‘ i%./Measuring Human

= ,b\b\bfTEﬂi’CO)Ft 0)%%&%’&5']6#11590)&5”‘
Five layers, from our initial will to our perception.

® i

® i

EENETHI. Measure brain activity.

% 87 5805t~ Measure nerve activity.
1$*$ﬁ"§¥n+,ﬂ'l/ Measure autonomic nerve related

phenomenon.
® EF) 5181~ Measure motion.

®I[)]

I

B IEEES ~Ask the user (psychophysics)




Psychophysics

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

* 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

>

* ex:
— Audio’s rotary volume

Resistance

. >
Rotation Angle



Dendrite Asan

Why Log? = Why not Linear?

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

Myelin sheath

Linear

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

i'h
1h

g 28 3Jg 4g b5g 6g 1g 10g 100g 1kg 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”.

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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Zf 2% ~“Method of Adjustment
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Zf 2% ~“Method of Adjustment

AL 1|38~ Standard Stimulus

gy

LEEX %12~ Comparison Stimulus
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#BPE %~ Method of Limit
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#BPE %~ Method of Limit

1. Tk %% ~Descending Series

M
SEERIEK LEER R K
Standard Stimulus Comparison Stimulus
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@ ZDEED R D KE=_LERE. Upper Threshold




#BPE %~ Method of Limit

2. FH%%|.7Ascending Series

M
SR E LEER R 3K
Standard Stimulus Comparison Stimulus
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#BPE %~ Method of Limit

D

BEDETEHE EAERB:-KE1.0
Threshold Calculation

L+ Ed{E:0.95

TEAE:0.85

CDFERMD,
¥ R US55 (Point of Subjective Equality)l&(0.85+0/95)/2 = 0.90
«$¢ Rll15 (Discrimination Threshold)(3(0.95-0.85)/2 = 0.05

DFY, COIKHDOERIIZEST,
REIMN0IIHATRZSBIEL,
REIDFFRIGESNNO0.05FBETHAZEMN M oT-.




f853% ~ Method of Constant

M
SR E LEER R 3K
Standard Stimulus Comparison Stimulus

1. EERRIBEEHRAET S HITIE7E)
2. —{EA®LLLERF#HHT-YDEERREHFHA(L20EET S
3. A&7 x20=140E]. 4% LIZJLEERL . s&#H| —REE5
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0.7 1 19
0.8 3 17
0.9 9 11
1.0 15

1.2 19
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1.1 17 3
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1.3 20 0



f853% ~ Method of Constant

75% correct

:'_E? thrsﬂ)told

2 S .

A o

=y 1.0

£ P

= =

2 B I . ( \ .............

v L

T 0 i | R TR
°§ ) umulative Density Function
=

<

N\

)

o ol

= 0.8 1.0 12

EL 8RB~ Comyparison Stimulus
F E AV Z 1l /=~ Point of Subjective Equality



Summary
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20
Measurement of Human perception is neccesary for
Interactive system design.

® fx;EENEtiBl.~Measure brain activity.
o 7% - F;EENEHAl~Measure nerve activity.

o HiEMIZRETA]~ Measure autonomic nerve
related phenomenon.

® EFH 518l Measure motion.
o ILIEYIREER ~Ask the user (psychophysics)

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




Outline of the lecture

© N Ok WD~

AMET:HI3FE %~ Measuring Human

85 Human Vision System

RBP4 ~Visual Sensing

RE T+ RXTL A~ Visual Display

e, R4S 4271—X .~ Auditory Interface
e e 4271 —X Tactile Interface
hE. hEA2R27x—X ~Haptic Interface
BERE A 27— ~Locomotion Interface
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AR M ¥&15.Eye Structure
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Lens i
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Pigment Opti

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

/K E&{A.~Lens: Internal lens.
— Focal length is adjustable by deformation.

BT 2. Iris: Adjust amount of light.
#8l& .~ Retina: Light sensor

cornea during
LASIK procedure




HASED LB~ Comparison with Camera

e L>X /Lens
Camera: 1
Eye: 2

o WTF2_/Iris: same

« Y. “Sensor
Camera: Film or CCD

Eye: Retina

anh
]
=
N

 Difference = Focal length adjustment(£ =
— Camera: Shift lens
— Eye: Deform lens
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il & .~ Fovea: Center of vision. Very high spatial resolution.

o[
» Optic nerve: Nerve from retina to brain.
Optic nerve is in front of the retina. (transparent)

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

B

A AN



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.
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HAIR D R#ERE.~ Optic cells in the retina
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. Rod Cell (I54k%881) and Cone Cell (4 (A #485)

— 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.
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#E{K#HAQ.~ Cone cell e

~ Quter
_ segment
« Color sensing Cilium
Mitochondria
— Three types (L,M,S) it
segment
— Caused by different proteins in —
the channel. F—
. ! taeniiiel
* Play major role when bright.
o m— %“.L L
« Has lower sensitivity. \ A N
Catll Y
) i
* One eye has 7,000,000. . ——
\ / |
‘lf

b L
Clustered at fovea (FIL&). \‘] { ™
| ./ 0\ /K x.x\‘x

Fast Response.



12IARHERE - #{AHIA8. Rod cell & Cone cell

420 498 534 564
| [

I I
100 —

™

Mormalised absorbance
=
|

o
400 500 G00 700
Fioler Ble Cvan (ireen Yellow Red

Wavelength (nm)

* 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.




BEIE AH=XL.~Brain color perceptlon # R G B

Take differentials and
compose another 3 axis.

« L+M(+S) (Blightness)

» M-L(Red-Green axis)

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

+ They are the basis of o N ]
“Complementary COIOr”(*ﬁ‘@,) "400 450 500 550 600 650 700 400 450 'Irjr Gi:::: &0

— there is no such thing as “reddish green”
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124K - #E{K D 9 %71~ Distribution of the cells.

200

Cone
density

n
=
|

100 ,ﬁﬁ;densitg

Density in thousands per square mm

n
=

- 50 - 60 - 40 -20 0 20 40 &0 50
Angular separation from fovea (degrees)

®Cone cell = central vision (11> %8)
v'Peripheral vision is almost color blind

®Rod cell = peripheral vision (J&i2%8)
v'You can see stars better by peripheral vision
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RlLAREFADEHE R (1

\/\/\/\/\/\/\/\/\/\/\/\/\/

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



FLAREFADFHRE R (2) lllumiRoom

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



http://www.youtube.com/watch?v=re1EatGRV0Ow



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




Augmenting the Field-of-View of Head-Mounted Displays with Sparse Peripheral
Displays, CHI2016
Robert Xiao, Hrvoje Benko

Augmenting the Field-of-View of Head-Mounted Displays
with Sparse Peripheral Dlsplays

&ob‘ért,&lao and Hrvoje Benko‘

Microsoft Research

. ACM CHI 2016

HMDIZIER2EEE DLEDZ i R CE DR FHLET 5.



(CHI2018)ExtVision: Augmentation of Visual Experiences with Generation of Context
Images for a Peripheral Vision Using DNN
Naoki Kimura, Jun Rekimoto

) REKINOTO LA3

ExtVision: T
Augmentation of Visual ‘I[h Genfrmn of Context Images

for Peripheral Vision Using Deep Neural Network

Naoki Kimura Jun Rekimoto
University of Tokyo University of Tokyo / Sony CSL
Tokyo, Japan Tokyo, Japan

o BBBREHEA~ADALTUIHREZ 21— AV T—IIZLOTITO.



BANE X ZERHFEREIEL
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

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

Used in JPEG image compression  icercaiey=rerzo0r



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

5 .~ Color blindness

* One to three types of cone cells lacks.



(CHI2018) ChromaGlasses: Computational Glasses for Compensating Colour Blindness
Tobias Langlotz, Jonathan Sutton, Stefanie Zollmann, Yuta Itoh, Holger Regenbrecht

ChromaGlasses: Computational Glasses for
Compensating Colour Blindness

Tobias Langlotz, Jonathan Sutton, Stefanie Zollmann, Yuta Itoh, Holger Regenbrecht

Accepted for ACM CHI 2028

‘#Ed OTAGO |t Tokyo Tech

« BEOANBRZRATEDLIICTDHARVAT L.



MR TOIEEHAIE,Retinal image processing
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®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




{8I3N4%1] .~ Lateral inhibition (1/3)

10 -0-1
10—0.1 % (10+10)=8
10 1

0\

10

>

« Synaptic calculation
« Central input: +(plus)

e Surrouinding input: -(minus)

Cones
Harizontal




{34~ Lateral inhibition (2/3)

=

10 10 10 10 10 10 &6 &5 &6 5 5 5
8.08.08.08.08.53.54.04.04.04.0



{I30%.~ Lateral inhibition(3/3):
Harman grid illusion
M D N N e e

(1) B3B3 %R .~ peripheral vision: the cross point
becomes dark, due to lateral inhibition

(2) fir$R .~ central vision: No such effect

= The peripheral vision “compress” larger field.
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BITEME D Depth perception cues

- BB 4 ~With single eye
— #2E% ~Experience

—1BE)fRZE_~Motion Parallax

AR % .~ With two eyes m “

—#88& M~ Vergence eye movement
— M AR f8 2 .~ Binocular disparity




Depth cue(1) #%5&.~Experience

« FE75Y (EmR) .~ Occlusion
— Occluded (shielded) objects are more
distant than occluding (shielding) objects.

. ®ifi%.Perspective

<o — Near= Large, Bottom, Clear
RO AN — Far = Small, Top, Blur

| « E21E.Memory

— Knows the physical size




Depth cue(2) £& 5/ &7~ 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) :EE)tR 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)igE&E . Vergence eye movement

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



FRER - RETFIE DR
Vergence-accomodation conflicts

« Accommodation & vergence
are slightly coupled.

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

Vergence

Accommodation




BEZ - FENFE DAL

Tolerance of vergence-accomodation conflicts
150 |-

100

Accommodation
|
.;:.‘!!;i
i)
i
L
__',1_}]
a
ot
[¥5]
=]
[a¥]
(o

Virtual Image position (cm)

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

25cm to 1m virtual object -
can be displayed. !

True display position (cm)



Depth cue(5) AR #R Z .~ Binocular disparity

B Left Right

lj Zero disparity cell E
Fixation /
point

FD.I Binocular disparity cell Uk
Q' \ o)
i\@g

« Dispality = image shift
— Vergence: single point.
— Binocular disparity: whole field of view.

Interpret as far

Images of fixtion * Most important for VR system

point are fused

Interpret as close



Stereogram




SO LRy RATFLA TS L

R T Pl St v L et
g ’1'r‘5'3-':'n'£-'3‘"'-'-'-."1='-'1*r"*‘,"‘-ﬁ-5‘ ﬂﬁ'aﬁ:ﬁﬁi‘-“.?;
o] l-—p."l dlrg"_;s;‘ :".J':': I.."::a-..:_d.i‘l_-ﬁ:l.".-.;*'éi-.-.'-_a'_‘ a..:_-‘ 1 F_:.."l-"' L |
L A e e T L R e
R e R P e T el e
B PR Tl I ey
_i-l'i*' "!'l:!:‘F‘J:? b frmre o eg e bk o v
vy 8 1o e el

i
E‘E
1
=k
]
; :.-:“: .-..:._ i
-E-..-if::n:l. &
t
A

"'l.
o
_|§u
1‘5
o
.
.'.'L —
i
LA
T
e
.u!-'};-i'..j_.-
L5
2

| K

£

Pyl
ot .l:. LeaiY i
e = ey T
&

1"1.”:';
e
-1'1"%5.. ,','-__'._,' i)
ek
o
ik
e

v

Y

E2
Ve s
'l‘r L] LY

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

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

* Found and used during Vietnam War.




Novel Optical Configurations for Virtual Reality: Evaluating User Preference and
Performance with Focus-tunable and Monovision Near-eye Displays
Robert Konrad, Emily Cooper, Gordon Wetzstein, CHI2016

HMDDEEEERET F B AR T 2EHDFEFLE. FALUX
[CE->TERBHEZEIMNICEZ S HENE EBIWNEREN,

monovisionEL TEIoNS, BBEEBEETNTNELLE LR
BIZLI=2 D (BIEADONELTHNOND) THEWVEREZET-.
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Eye movement

Eye muscle

* 6 muscles (3 pairs) rotate eyes.



Eye movement: A 1FEELT.~As an Interface
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EyeSwipe: Dwell-free Text Entry Using Gaze Paths, CHI2016
Andrew T. N. Kurauchi, Wenxin Feng, Ajjen D. Joshi, Carlos H. Morimoto, Margrit Betke

EyeSwipe: Dwell-free Text Entry
Using Gaze Paths

Andrew Kurauchi' Wenxin Feng? Ajjen Joshi? Carlos Morimoto' Margrit Betke?
kurauchi@ime.usp.br wenxinf@bu.edu ajjendj@bu.edu hitoshi@ime.usp.br betke@bu.edu

' Department of Computer Science 2 Department of Computer Science
University of Sao Paulo Boston University

K:Y I | BOSTON
UNIVERSITY

RIKEHLOF—HR—FANZTD2. BEODHENEFZEBRDXFIEILoMYERS. RHRDX
FIEEEENTDEIICRD. HEFBHZEFREEED




low to measure Eye movement

- 70Oy /E'JE/Anang measurement
— ARk X~ Contact Lens
— BRIEE i~ Electrooculography
— &R/ &t~ Limbus Tracking Method

I

E{R AL~ Computer Vision
— I\ DT HOT4775 A% Passive-Active Methods




a3k X/ Contact Lens
« H4EY S7(Kymograph)
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AR K B fiL
Electrooculography, EOG

« Horny coat(&f&) has ~1mV positive
voltage to Retina(#8fZ)

Electrodes(®&1#) around eyes.
=Measured voltage is proportional to
eye rotation.

« Has wide range (velocity, frequency )@

* Accuracy not so good (1 deg~)



i@ & & &t~ Limbus Tracking Method

« Emit IR light to the eye, measure reflected light.
FHEBBHDOERICHIVEREST AT SETE

* Recelived light: White part > Black part.
« (Good for horizontal eye motion.
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Computer Vision

« Capture eye image.

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

 Reflesh rate = video rate.




% 2 8¢~ Reflection at Horny Coat
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IR BIRZR D F|FH.Red-eye Effect
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AR Bk E BN D FE%E.~Eye movements

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

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

. Yy —k(BkE4AREKIES)) ~ Saccade
— Stepwise movement
— Motion start is voluntary and involuntary.

— During motion,
* You cannot stop (involuntary)
 Visual acuity drops.

- ER#MEN. Miniature eye movement
— Very small vibration. 30~ 100Hz.

— Reflesh the image on the retina.
« Anesthetisation of muscles=No visual image.
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ZEALDI=HD R ELTDIREKEE)
Eye movement for stabilization

. RIBEENAER I &t~ Vestibulo-ocular reflex(VOR)

— Cancel head rotation.
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- HREENERREKEE). Optokinetic Response(OKR)

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

Railroad ties




%% : Chicken Head Tracking - Smarter Every Day
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http://www.youtube.com/watch?v= dPIkFPowCc


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

TODAY’s SUMMARY

- BRD#E &~ Eye structure

— conea, retina, fovia, blind spot

« R+t Y. “Eye sensors

— rod cell, cone cell, color vision

— peripheral & central vision

— Image processing

B {TZ41E .~ Depth perception
— accommodation, vergence

— binocular disparity

- ERBKEE).Eye movement

— smooth persuit, saccade,
— VOR, OKR




INT AR Mini Test REIFIBETIZIRE

https://goo.qgl/forms/85xfExX2mLheNncR2

UTOETIZ1I00F LURIEE THZEE L~ Answer all questions within 50 words

1.

S

o

D I/N—-TJxbEF—0OEAIZ DL TEREAE & Explain Weber-Fechner's law
K2 DULNTERBAHE & Explain the method of adjustment.
WERR;EIZDLVTERBAE & Explain the method of limit.
fBE%RIZ DLV TERBAE & Explain the method of constant.

AR EBEARHRO S DENZDLNTIRR K Describe difference of distribution of cone
cell and rod cell.

AR E ARSIV ERZHDEZENZ DT K Describe difference of color
and brightness perception of cone cell and rod cell.

£ S ERECDULVTERBAE & Explain Accommodation
EENIRZIZ DU TERBAE KExplain Motion Parallax
$REEICDUVTERBAE & Explain Vergence Eye Movement

 EREESAEIFEIC DUV TERBAE & Explain Vergence-Accommodation Conflict
. MAR$RZE(Z DLV TERBAHE & Explain Binocular Disparity

. BTESNER R 8112 DULVTERBAH & Explain Vestibulo-ocular reflex(VOR)
 RIEFERERES) DUV TERBAE KExplain Optokinetic Response(OKR)

AR EE B 5HiRI(Z DU TERBAE & Explain Electroculography (EOG)

BB R GHEIZDULVTERBAE & Explain Limbus Tracking Method
. AIE R EEIZDULVTERBAE & Explain Eye Capture System Using Reflection at Horny Coat


https://goo.gl/forms/85xfExX2mLheNncR2
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