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AMEET I %~ Measuring Human

,w.,\h\bﬁiiw FCOIEDREBZEADLMITESDODERE
Five layers, from our initial will fo our perception.

®fix;EENETAl.“Measure brain activity.
o 1% - i /5 ENat Bl ~“Measure nerve activity.

® 1$*E|3"fi¥n+/ﬂll/ Measure autonomic nerve related
phenomenon.

®:E F) 518 Measure motion.
o\ IEMIEEER ~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=3¢g
. 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

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

— Integral of both sides gives l l I l I I
S o< logP

slg 10g 100g 1kg 10kg 100kg
Conclusion: Our internal “scale” is logarithmic

Fechner

»

* eX:
— Audio’s rotary volume

Resistance

- L E
Rotation Angle



Why Log? = Why not Linear?

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

Linear Log

N
o o o g
g o o o g 3
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g 28 3g 4g 5g Og 1 10g 100g 1kg 10kg 100ke

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”.

E

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 Constanj:



@ F %% ~Method of Adjustment Easy,
HEREMNRAES S Rough

@5 [E:x .~ Method of Limit
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2% ~Method of Adjustment
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2% ~Method of Adjustment

& AE 3%~ Standard Stimulus

gy

Lb R H13% .~ Comparison Stimulus
e —————
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#BPE %~ Method of Limit
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#BPE %~ Method of Limit

1. T & %5.~Descending Series

M
SEERIEK LE BRI 3R
Standard Stimulus Comparison Stimulus

AL mﬁﬁEXQﬁﬁ&E&%@mj I\ ]

@ CDEZDHERIBDRE=_LEE.~Upper Threshold




#BPE %~ Method of Limit

2. LR %5|.7Ascending Series

M
SEERIEK LEER R 3K
Standard Stimulus Comparison Stimulus

BHsE R O By /PR ]

@ —DEEDLEERRHDKE=TFEAE.Lower Threshold



#BPE %~ Method of Limit

ey
BEEDETE EAERB - KE1.0
Threshold Calculation
L+ E{E:0.95

TREIE:0.85

COFERMND,
- ¥ ER YR s (Point of Subjective Equality)l&(0.85+0/95)/2 = 0.90
« 5+ Rl 15 (Discrimination Threshold)(%(0.95-0.85)/2 = 0.05

DFY, COTXHDERIIZEST,
REIMNOIIHEATRADESE,
REDFHNEBENNO0.05FBETHASIZEMN DI HT-.




8%~ Method of Constant

M
SEERIEK LEER R 3K
Standard Stimulus Comparison Stimulus

1. HERRFEHRET L BHITIE7E)
2. —{EDLLER DY DEERRBHKZHZIL20EET S
3. AE7x20=140[], X LIZILLEL . @F| ZIRSE S

HERIE THEERFEOAHA RN TEEERIFEDFHIEL

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
1
1.3 20 0



8%~ Method of Constant

75% correct
threshold
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821~ Comparison Stimulus

F £ A0S 5=~ Point of Subjective Equality



Summary

Measurement of Human perception is neccesary for
Interactive system design.

® [iX;EENFTA].“Measure brain activity.
® X 5 EE B Measure nerve activity.

o HEMIZEZRETHI.” Measure autonomic nerve
related phenomenon.

® ;EFH Al ~Measure motion.
o [EMIREEEX ~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 LN~

AEHRIF % Measuring Human
#8E_Human Vision System
REt> % ~Visual Sensing

HE T+ RTL A~ Visual Display

e EE A2 271—X 7 Auditory Interface
e e 27— Tactile Interface
hE. hEAR271—X ~Haptic Interface
BERE A 2T71T—X ~Locomotion Interface
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AR D #& &~ Eye Structure

Cornea Retina !I
=21
Fixation
point Yy
AR \\ Fovea
= = T
AT IV R (Principles of
Neural Science)
https://www.medsi.co.jp/kandel/sy
ke ' / ousai/index.html
(L2 2%) :

BRIE ReEIE
(FREEMR)

« fAfE.Cornea: surface lens

— LASIK: Laser in Situ Keratomileusis
« K&K Lens: Internal lens.

— Focal length is adjustable by deformation.
« HT% Iris: Adjust amount of light.

#8l& .~ Retina: Light sensor




HASED LB~ Comparison with Camera

D |||_ « L>X /Lens
“Awl Camera: 1
) —i— Eye: 2

e BT%2 “Iris: same

« 24 “Sensor
Camera: Film or CCD
Eye: Retina

 One apparent difference = Focal length adjustment(%£ = 5 &)
— Camera: Shift lens
— Eye: Deform lens



HoTIL##RF 2 (Principles of BRER RHELE O\
Neural Science) (RTmiERR) \,\ S N
https://www.medsi.co.jp/kandel/sy \ 7 | TEREIE
ousai/index.html

-fily & .~ Fovea: Center of vision. Very high spatial resolution.
» Optic nerve: Nerve from retina to brain.
Optic nerve is in front of the retina. (transparent)

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



B =.Blind Spot

o) +

+

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

*You also find the fish line connected.
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MR D R#ERE.~ Optic cells in the retina

Rod Cone Rod Cone
1R HEE s Fi: 47
Free-floating discs
FAREE HHEREE S DIEhioT

Discs LVERL AR
VAN:(l
Outer
Segment
Cilium TIHFEECTJ
EEEE ~ TEH
[ Vya R Folding of
I « b R LR Outer cell
Inner [ Mitochondria membrane
Segment
| SR B S
Nucleus Folding of | | st
Outer Ce" = B Connecting
— membrane i i cilium
A \
e Synaptic Terminal

AT ILEREERELE (Principles

« Rod Cell (#2{&#Hi2) and Cone Cell (S{&#HR2) of Neural Science)

https://www.medsi.co.jp/ka

— Light to electric conversion is done at outer segment. ndel/syousai/index.html
— Channels composed of protein is opened by the light.
— Rod cell has longer outer segment.




2 AHAE.Rod cell

» Black and White sensor.
. Egggib[Mscs

* Plays major role when dark =

E—— Cytoplasmic space
- High sensitivity (x100 cone cell)  ouer | 1=

— Plasma

— Can capture single photon | —
; ﬂﬁﬁffﬂf-CHnun

- One eye has 130,000,000 cells. T RV

VAN

Inner J :
« Slow response. segment
Nucleus

Synaptic f A
terminal | &\
Rod



#{AHIRE.~ Cone cell o

~ Quter
segment
¢ CO|OF SenS|ng Cilium
Mitochondria
— Three types (L,M,S) .
segment

the channel. :
= P . ynaptlc

terminal

— Caused by different proteins in . OQ
o

* Play major role when bright. Cone

* Has lower sensitivity.

One eye has 7,000,000.

Clustered at fovea (1l &).

Fast Response.



12 AHERE - 2 A HIRE . Rod cell & Cone cell

420 nm 498 nm 534 nm 564 nm
Green  Red
Blue cones Rods cones  cones
100 RS
Q
[$)
=
©
=
o
(7]
Q2
g 50 -
Q Photoreceptor Cells (Wikipedia)
E ! https://en.wikipedia.org/wiki/Phot
'23 “.. Medium \Long  oreceptor_cell
0| T T ||1|||||||||||||||||'|.||||||||||

400 500 600 700

Violet Blue Cyan Green - Red

Wavelength (nm)

* Rod cell: black & white sensor.
— peak = 498nm.
— Green Laser Pointer is the best for presentation.
e Cone cell:Three types
— S:420nm, M:534nm, L:564nm
— Color perception is based on the combination of the three.



BT AH=X L ~Brain color perceptlon #R,G,B

sitivity Component signale

A Achromatic mecha

Take differentials and
compose another 3 axis.

. L+M(+S) (Blightness)

{ — 1 { 1B 1 [ b :
400 450 500 550 60D 650 700 400 450 500 550 600 gep

* M-L(Red-Green axis)

B Red-green mechanism

e S -(L+M)(Blue-Yellow axis) | $ N
» They are the basis of N ™~ /78

“complementary color’(ffifa) = R

— there is no such thing as “reddish green”

Normalised absorbance
w
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12{K - #{K D 9 %~ Distribution of the cells.

180 000

160 000

140 000

120 000

100 000

80 000

60 000

Number of receptors per mm?2

40 000 |

20 000

0

(temple
side)

(nose
side)

Rods ™
Blind spot

Cones

60° 40° 20° 0° 20° 40° 60° 80°

Angle from fovea

Photoreceptor Cells (Wikipedia)
https://en.wikipedia.org/wiki/Photoreceptor cell

®Cone cell = central vision
(FI1R)
v'Peripheral vision is almost color
blind
®Rod cell = peripheral vision
(FE81R)
v'You can see stars better by
peripheral vision




I ARE DRI E T~ (1)/Peripheral Display

https://www.youtube.com/watch?v=QLBORkmKbSQ

T. Nojima, Y. Saiga, Y. Okano, Y. Hashimoto, H. Kajimoto, “The Peripheral Display for Augmented Reality of Self-Motion”, ICAT2007.

O ENRHFADERIIRIGHREETIT DI-DICFAR

o E DR EF X ERMBEREILEL,

® [ S DR EF D (X5 O HEH AU 218 E (CFF:Critical Fricker Frequency) [£& 0y
=LEDYFJ VXA T:EEZ R

OEDEEDLIICTICDF THEDFANEZLHIT DMARIUE
(BRI avISH 1T HEBM MR IHBEERRALEER)




A1 BREF~DIFEHRE 7~ (2) /Peripheral Display

\VAVAVAVAWAVAVAVAVIAVAVAVAY,

THIPHHIT

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

® E DR Er D (X5 A RFfE AU A7 {8 £ (CFF:Critical Fricker Frequency)
FEWCEEFIAT &, FARFICEITAERIREE I F5 Y+ 1%&E
BRIz RELTRIATES,

ORf-LAMNDRIZE

IR

FICEHD T, ARBRHLTE,




FEBREF~DIFEHZ T (3)
(CHI2013) Brett R. Jones: lllumiRoom: Peripheral
Projected lllusions for Interactive Experiences

http://www.youtube.com/watch?v=re1EatGRVQOw




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

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

&ob‘ért.)glao and Hrvoje Benko'

. Microsoft Research

. ACM CHI 2016

https://www.youtube.com/watch?v=af42CN2PgKs

HMDIZ R (R E DLEDZ i X TR DR EFFFHLET 5.




(CHI2018)ExtVision: Augmentation of Visual Experiences with Generation of Context

Images for a Peripheral Vision Using DNN
Naoki Kimura, Jun Rekimoto

R REKIMOTO LA3

ExtVision: .
Augmentation of Visual *ﬂth Genertran of Context Images

for Peripheral Vision Using Deep Neural Network

Naoki Kimura Jun Reklmoto
University of Tokyo niversity of Tokvo / Sony CSI
[Okyo, Japan Tokyo, Japan

 https://www.youtube.com/watch?v=D9Mc P8FZbk
o RARFAOAVTIUVILRE =2 —T LAY T —I(ZLoTITD.




BRR (L ZEHEEERENEL
Color process has very low resolution

Original Gray Color only



RGB and YCbCr(YUV, Lab)

RGB: corresponds to 3 cone cells.

Mathematics tells us...
ANY 3 independent vectors can be basis vectors &

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

YCrCb (Wikipe
https://en.wikip

Used |n |mage COmpreSSIOn a.org/wiki/YCb




BED/\')T—3> 7Color blindness

HoT )L #aEEFL 2 (Principles of Neural Science)
https://www.medsi.co.jp/kandel/syousai/index.html

* One to three types of cone cells lacks.



BEDN/\')IT— 3> ~Variety of color sense

@'o I o::

D ALE L
REHL S

20200 a% | [FiR
E 29N

Asenm

1Y @1-'_—0) E‘%s ) —: o)ﬂé 75§ Ly o < v G

If you are red-green color blind, you cannot tell if a seat *  Variation in color vision is continuous.
in the green car is open

 https://www.amazon.co.ip/dp/BOSQHPPPT3/
 https://www.jstage.jst.qgo.jp/article/vision/33/2/33 97/ article/-char/ja/




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

ChromaGlasses: Computational Glasses for
Compensating Colour Blindness

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

Accepted for ACM CHI 2018

b§4 OTAGO |'*‘| Tokyo Tech

o https://www.youtube.com/watch?v=xx4bPIBtqv0&feature=emb logo
« BZIRXHFTESLHLITTHARVAT L.




MR TOIEEH IR, Retinal image processing

R —
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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



{83N4%1|~ Lateral inhibition

10

10 -0.1
10—0.1 x (10+10)=8
10 L > /

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




Harman grid illusion

REFADEAYDIEFSH ., BOFEYLYELFEHHGRBASINAREN-HIZ. KE[/MDERL
bndlERBHASNS,

(1) E33%R .~ peripheral vision: the cross point becomes dark, due to lateral inhibition
(2) Bilr$8.~ central vision: No such effect

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

- BIfR 14 ~With single eye

— #2E% ~Experience

— £ B 5 &~ Accommodation
—E &R Z= . Motion Parallax

AR 1%~ With two eyes m m

— 8888 “Vergence eye movement
—mERfRZ . Binocular disparity

°
+=U




Depth cue( ) "F%%ﬁ/ Experience

- E21EMemory

Knows the physical size

| + EiIi%.Perspective
Near= Large, Bottom, Clear .
Far = Small, Top, Blur

« E7Y GERR) ~ Occlusion
Occluded (shielded) objects are more
distant than occluding (shielding) objects. .




Depth cue(2) £ KA &7~ Accommodation:
Changing the power of the lens

« Automatic focus adjustment by lens deformation

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



Depth cue(3) :EEIfRZE Motion Parallax

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




Depth cue(4)g

Ho|

% _~\/ergence eye movement

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



B8 - AEFEOME e
Vergence-accomodation conflicts =~ 3

« Accommodation & vergence
are slightly coupled.

A
« Stereo display problem:
— Accomodation=constant _ S
)
— Vergence = variable s |2
. 3 > ol N '
= Severe Fatigue 2 B Cmhag Display
5
3
<
Y

https://docs.google.com/presentation/d/1Pydk2isyHN9v4taPZy4yNaU9gWxMvThmuQzgrFHFyuM/edit?usp=sharing
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Tolerance of vergence-accommodation conflicts

Vergence

Accommodation

(ex) Physical monitor 0.5m away
from the eyes:

 0.3mto 1.2m virtual object can
be displayed.

 0.4m to 0.8m virtual object can
be comfortably displayed.

Focal distance (D)

0 <
0

Vergence distance (D)

Modified from: T. Shibata, J. Kim, D.M. Hoffman, M.S. Banks: The zone
of comfort: Predicting visual discomfort with stereo displays. J. Visien,
2011, 11(8):11 https://europepmc.org/article/pmc/pmc3369815™N




(CHI2016) 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

Conventional Display Mode
r Al

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
Stanford University Dartmouth College Stanford University
rkkonrad @stanford.edu emilycooper@dartmouth.edu gordon.wetzstein@stanford.edu

bgrel Focus-tunahle near-eve dJsp]a iith different renderi

masdes. In the t Dpp nels, we illustrate pllu(ngmphsh ﬂ:lelmxges
seen by each eve t}pﬂll‘l!ﬂﬂ!d.lp' only fecused prop-
erly wh henrs are focused at a relatively r d istance (lower row).

2.*:"":":,;2‘1.‘.5“;1“’,&“}',:1‘;3 el e s https://www.youtube.com/watch?v=vDkfH6DTxrY

LR MDOBBERTEERAT SEROTRELE ALK
e s e ok oyl ST A PRBA B CE Z B A ENE EERWE RS,
monovisionEL THIoNS, EEEEBEFNETNELLE AR

REICLT=E D (ZERANDXLELTHILOND) THEWERZF




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

F

Fixation
point

i — I
/ \

Interpret as far

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

Interpret as close

HoT LR 22 (Principles of Neural Science)
https://www.medsi.co.jp/kandel/syousai/index.html




Stereogram
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CDAZAREENENSREITLEDSSEEETEMEL . 20em<O VBN T=ECHNOTITATERSE 0 -
Adjust the slide size to about 10cm x 15cm, and watch from 20cm away, R/L eyes to R/L images. *



SR LRI RTLA TS L
Random dot stereogram (RDS) |

™

s

l‘ u -+ - oa 1 -1 -.. -'- -.I" 2 -. I‘ n - .

https://qist.qithub.com/HiroyukiKajimoto/118e810f391d00f51547d9cbda096¢c7b

* Proof of “pure disparity can be distance cue”.
Before the RDS, “experience” was thought to play major role.

* Found and used during Vietnam War.

Try Dynamic Random Dot Stereogram (DRDS):
https://www.youtube.com/watch?v=CRyDXVoYfOM&list=PLA4A975B45148C53A
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Eye movement

A RAIEHhSHZE B tahodicH

* 6 muscles (3 pairs) rotate eyes.

HT IV ##ERLE (Principles of Neural Science)r | -

https://www.medsi.co.jp/kandel/syousai/index.htmi




Eye movement: fEHTFEX- A H 3

Analysis and as an Interface

SEL BTN
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AR

https://www.amazon.co.ijp/dp/B079T13PZK
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(CHI2016) EyeSwipe: Dwell-free Text Entry Using Gaze Paths
Andrew T. N. Kurauchi, Wenxin Feng, Ajjen D. Joshi, Carlos H. Morimoto, Margrit Betke

Dwell-time EyeSwipe

Elephants are afraid of mice. Elephants are afraid of mice

@® - Gaze position

https://www.youtube.com/watch?v=QpghYJwTMuc
IREGEF ZLHF—HR—FAN. BEORAERBEDXFIIL->oNYERS. EHRDXFIFE
TEZNTHEIIZRS. HEITEFEBREXFD




ZTDMDIRIEFDYDA2T—X

Other interfaces around the eye: blinking

Estimated: 7%

EASY TASK

Easy Task

Automated Difficulty Estimation

(CHI2021) Rethinking Eye-blink: Assessing Task Difficulty through Physiological Representation of
Spontaneous Blinking Youngjun Cho

https://www.youtube.com/watch?v=08LsUmQD4hM&list=PLghXYFYmZ-Vdsg4-okDWnptnyAs8HXfN&index=199

BOBREZETRTHLITOTVDIRIDEZENHLI D,
Measuring the blink of the eye indicates the difficulty of the task being performed.




How to measure EYy€ movement

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

IO

B {RALIE_~Computer Vision
— I\ DT HT4775 A% Passive-Active Methods




HAES ST | Kymograph

https://wellcomeimages.org/indexplus/imaqg https://wellcomecollection.org/works/fzn6j26r
e/L0057897.html

* Huey E B. “Preliminary
experiments in the physiology
and psychology of
Reading” American Journal of
Psychology. 1898;9:575-586.
Huey E B. “On the psychology
and physiology of reading.

I American Journal of
Psychology. 1900;11:283-302.

* Recorded horizontal movement of the eye while reading.



B39k X Contact Lens

G - ! & TR ;
https://medium.com/@eyesee/eye-tracking-through-
history-b2e5¢7029443

o ATTA4HILIN—=i&: AR XTHINSS—55E
Optical lever method using micro-mirror attached on contact lens.

o —FaA)LiE: AV AL XZaA IV EERA

Search coil method using coil embedded in contact lens. AN

https://www.chronos-vision.de/downloads/CV Product SSC.pdf-




(ISWC ‘“16) Eric Whitmire et al. :EyeContact: Scleral Coll
Eye Tracking for Virtual Reality

@
ubicomplab
ol ' B
UNIVERSITY OF WASHINGTON

EyeContact
Scleral Coil Tracking for Virtual Reality

Eric Whitmire, Laura Trutoiu, Robert Cavin, David Perek, Brian Scally, James O. Phillips, Shwetak Patel

https://www.youtube.com/watch?v=R8DG0alZymg
http://www.cs.cmu.edu/~Itrutoiu/pdfs/ISWC 2016 trutoiu.pdf

Search coil method is embedded in HMD to achieve much
higher tracking accuracy.



AR EE & {if Electrooculography, EOG
i3

e https://www. voutube com/watch’?v—-QXG|ZBDkUw
« Horny coat(Af&) has ~1mV positive voltage to Retina(#f}£)

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

« Has wide range (velocity, frequency)
« Accuracy not so good (1 deg~)
* Might be good method for HMD? s




JINS MEME htips://[insmeme.com/

« EHTEPDIRADEBIZLLEEELIEHE+
6$$1z>b“<1iﬁ5|50)x73**“BEEEES.LL.#,,JJO)%’?(
(XVILEEHTEFIR)

EOG measurement using 3 electrodes on the nosepiece. (Most
conventional eyeglass-type EOG measurements use the temple and
nosepiece)

 https://pc.watch.impress.co.ip/docs/news/648078.html




iR ;8% Limbus Tracking Method

Spectacle unit
(Limbs tracker, camera)

Processing unit
(Power source, Amp, MPU)

https://lab.rekimoto.org/projects/aidedeyes/

https://vimeo.com/10351085

Yoshio Ishiguro, Adiyan Mujibiya, Takashi Miyaki, Jun Rekimoto: Aided Eyes: Eye Activity
Sensing for Daily Life (AH2010)

http://www.miki.mech.keio.ac.jp/researchdetail/humaninterface/eyetracking/

M. Ozawa, K. Sampei, C. Cortes, M. Ogawa, A. Oikawa, and N. Miki, “Wearable line-of-sight detection
system using micro-fabricated transparent optical sensors on eyeglasses” Sensors and Actuators A:
Physical, vol. 205, pp. 208-214, 2014.

« Emit IR light to the eye, measure reflected light.
EBEEEDERICHFIM RS, RETFEEHE

* Received light: White part > Black part.

« Good for horizontal eye motion. Easy to make.



Computer Vision

https://www.votu be.Com/watch?v=EH6UVQquJE

« Capture eye image.
« By image processing (pattern matching), eye center is calculated.
« Refresh rate = video rate.



A% I 5.~ Reflection at Horny Coat

Anterior chamber

Purkinje images (Wikipedia)
https://en.wikipedia.org/wiki/Purkinje images

https://www.youtube.com/watch?v=RIhjd5rFANKk

* When illuminated with point light source, the horny coat gives typical

reflectance image (Purkinje image), which can be used to monitor relative
eye movement.

c RAROAERSFICENDABERGHE (TILF T4 HhoRIKEEZETA
o ETAAASTHRE>EGUEL. EAFRDOEOEMMLEZTRIGTES,

RS



(FR) AERMNBICLDIRFEFHREG

/ Using reflection image at horny coat for environment recognition

’ - : 5 -

. . . I [ O signin News Sport Reel = Worklife = Travel Future | Mc
K. Nishino, S. K. Nayar: Corneal Imaging System: OEd a- "

Environment from Eyes, Int. J. Computer Vision 2006. NEWS

Home Video World Asia UK Business Tech Science Stories Entertainment &

Asia cnina | Ingia

Stalker 'found Japanese singer through
reflection in her eyes’

@ 10 October 2019 f ®© w [E < shae

Police say the stalker was able to locate his victim by zooming in on the reflection in her eyes

E 1 ﬁﬁ{ ‘x - :j ﬁiﬁ[: Ck D -Cf% 5 nr‘: "?'j - ym%ﬁ? .‘v 7 A Japanese man accused of stalking and sexually assaulting a young pop
E : %Eﬁﬂmﬁ ¢* : %ﬁ? Ey 7 E : -3}_ :)‘EQ star told police he located her through the reflection in her eyes in a picture,

according to local media reports.

FERE ABRAA—DUTRICKHRREELTDFIRESL https://www.bbc.com/news/world-asia-5000U24~
https://www.jstage.jst.go.jp/article/tits/20/9/20 9 89/ pdf/-char/ja




RBIEZDFH. Red-eye Effect

 NASHE E D FRASLLED
w7

@‘q

Red eye effect (Wikipedia) =0 EHE EAESDOAHBAL LTINS

hitps://en.wikipedia.org/wiki/Red-eye_effect BBt MEERRSENA LISERY vh— FRHFHEOHE . TVRSJ2004.
https://www.jstage.jst.go.jp/article/tvrsj/9/1/9_KJ00007553951/_pdf

« HOLUXIZESBFMERFTRIEOR (ME)ARFTHHR. KiRICTIES
« NKIRE2EF(RE ENEN) BRI NILEDERELTEALITIRE A6

+ Red-eye effect (=retroreflection by eye lens) can be used to extract eye pupils by
taking two pictures; one with concentric light and one with surrounding light.

https://dailyportalz.jp/kiji/140317163585




AR Bk IEE) D TELE.Eye movements

o RL—X/\—X—F(;BEITEERERES))

Smooth Pursuit

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

o Hoir— (BREETE (EENTE) IRBRESD)
Saccade
Stepwise movement

— Motion start is voluntary and involuntary.

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

- ERWE

Miniature eye movement
— Very small vibration. 30~ 100Hz.
— Refresh the image on the retina.

» Anesthetization of muscles=No visual image.

movement

Object motion
Eye movement

time_

movement

N

3
Object motio
Eye movement

time




EF) DFELE.Eye movements

Smooth Pursuit Saccade



ZEALDT-HD kG EL TOIREKEE)
Eye movement for stabilization

. HIFEENER & 5F. Vestibulo-ocular reflex(VOR)
— Cancels head rotation.

- REENERRIKES) .~ Optokinetic Response(OKR)
— When the whole visual field moves, the eye follows.



2% :Chicken Head Tracking - Smarter Every Day

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




TODAY’s SUMMARY

- BRMD1&1&E .~ Eye structure

— conea, retina, fovia, blind spot

« lRD+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




INFRN: —EEILIRAIZIR

Mini Test: Submit in one week
UTDOETIZ100F LIATEE THEZ &~ Answer all questions within 50 words

1.

o bk~ wb

7.
8.
9.
10.
11.
12.
13.

14.
15.

D I/N—-TJxbEF—DERC DUV TEREAE & Explain Weber-Fechner's law
K IZDULNTERBAE & Explain the method of adjustment.
1BRR;&IZDULVTERBAE & Explain the method of limit.

fE5 %12 DU TERBAHE & Explain the method of constant.

AL IBARHIE DO ST DEWNZDUL TR & Describe difference of distribution of cone
cell and rod cell.

SR HIRE SRR DA S LU B RZMHDEWNI DL TR & Describe difference of color
and brightness perception of cone cell and rod cell.

£ mFRECDULVTERBAE & Explain Accommodation

EENIRZIZ DUV TERBAHE KExplain Motion Parallax

SREE(ZDULVTERBAE & Explain Vergence Eye Movement

SRR F B I- DLV TERBAE & Explain Vergence-Accommodation Conflict

MAR#R Z (ZDULVTERBAE & Explain Binocular Disparity

BIEENER & 5412 DUV TERBAE & Explain Vestibulo-ocular reflex(VOR)
FESHAREES) DUV TEREAE KExplain Optokinetic Response(OKR)

AR EE IR IZ DLV TERBAE & Explain Electroculography (EOG)

IR R GHEICDULVTERBAE & Explain Limbus Tracking Method

A& R FHEIZ DU TERBAE & Explain Eye Capture System Using Reflection at Horny Coat



o

EERLR—k: pdfe X T—BRLLAIZIRE

o

Experiment Report: Submit in one week (pdf)

\/\/\/

R tR(Reverse Perspective lllusion), 7O < X 7§18 (Hollow Mask
llusion)l&. AN ERITEMNEEZFALIERTHS. TLOBESEHoZ DL
AL, EEoMN—AZERICTHERT S AVOFTILDIBETHLSIENEEL
Lo LIR—FTIEERIZHERLI-DDZERBE oIz LIz &kFERI &,

Reverse Perspective lllusion and Hollow Mask lllusion are illusions based on
human depth cues. Understand the mechanism of these illusions from the
following movies, etc., and create either one. It is preferable to use your own
original drawing. In your report, you should show the actual picture taken from

multiple viewpoints.
https://www.youtube.com/watch?v=A4QcyW-gTUqg&t=119s
https://www.youtube.com/watch?v=5pkga3X36MU




https://www.youtube.com/watch?v=A4QcyW-gTUqg&t=119s
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