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Self Introduction: Research field = Human Interface

Necessary Knowledge for the research

« ErD#EE.Human perception
o BHHEI(EY) . Today's sensing technology
o BRI (T4RATLA).~Today’s display technology

This Lecture aims to roughly sketch
“optimal design method based on human perception”

© NGOk ®WN ==

Outline of the lecture

AREHRIF %~ Measuring Human
¥ “Human Vision System
HEt L4 ~Visual Sensing
BE T+ X F LA Visual Display
B, BEE /> 471x—X . ~Auditory Interface

. fRE A 27— EM Tactile Interface Basics
s, s > 47— RS Tactile Interface Applications
HE. HEA24271—R .~ Haptic Interface

BEERE A2 27T —R “Locomotion Interface

Schedule
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+ 6/25&%(lecture)7
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+ 6/165&(lecture)8

+ 6/235&Z(lecture)9
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o 7TTLEYT—av(presentation)! (T7I/LaT kLIS —
https://sites.google.com/site/dzmitrytsetserukou/ )

« 7TN4TLET— 3 (presentation)2

. 7121FLE2T— 3 (presentation)3




INT R Mini Test

s BEOHMO—DOMNERMBERDILILZOT, &M
INTFRREITVET,

« Google FormIZA AT 5K THE. :
https://goo.gl/forms/85xfExX2mLheNncR2

o AETXRAMETF—LIZTERLTIRHL TS

- fEHYIY  RE DR ERAIMET

» E-mail report based mini tests are done every time.

» Upload to
https://goo.gl/forms/85xfExX2mLheNncR2

» Deadline: Before the beginning of the next lecture

% 3R/ Presentation
Your PowerPoint Presentation is required.

s REDWXE—DHHA, TOHNBERER.
(FCEMIISELTHRHELEY)
Read a paper and do presentation.
(candidate papers will be announced)
- SDECHRREY, BRR4S.

c HRIELETIHE
The presentation is evaluated by all atten
- 1. BRRNBITH T HEME
- 2. ZBRABEHT—RAVR) DR MYPT
- 3. RROIMYPTE
- 4. BREICHTERITEZ
- 5. BAEMNLTHR 1

£%{fi/ Evaluation

o EE=HEA0%)+INT R (5% X 8)+ 53K (20%)

o FELREREZTHIEN MO AIIESE M
EBARLNDIBE (R—/\—HE K R) =Attendance
(60%) + Mini Test (5% x 8)

« Evaluation=Attendance (40%) + Mini Test (5% x 8) +
Presentation (20%)

* Presentation is required

Handouts on the web

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

“BREIF2016EMDBENMNTVET  RRICEZTVEET,
—Temporary, 2016 Japanese version. Will be replaced
progressively.

~-Zb oD pdfICIEENE D) 25 (Youtube ) MiBHAEL
TWAHDT, HEHIYLEF, RELSEEHTERAET
EED1RMEETIC7ZyTO0—FLEY W ELUSERISA Y
vA—RLTLEEL

—From next time, lecture handouts will be online 1 hour
before the lecture. Print it if necessary.

Today’s Topic:
A8 EHAIF %~ Measuring Human

ErDEHA:
AVESHTATVRTLDEHESR
AVESHTAT VAT LEFHE T 5=t b A

Measurement of human action/reaction
*To be used as parts of the interactive system
«To evaluate the system

AFBIEHRIF %~ Measuring Human

EENSITEIETOIE DRERERIHH I TS DD
Five layers, from our initial will to our perception.

o fixi;EENETiH|.~Measure brain activity.

o % - {7 iEBNET Al Measure nerve activity.

o B {EMMEZ A~ Measure autonomic nerve related
phenomenon.

® EE)5H8]~Measure motion.

oL IEYIREER ~Ask the user (psychophysics)




History of Brain Function Observation(1)

» Theory of localization of brain function:
— 1909: 7 B—K <> Broadmann made “map” of the brain by
visual observation. (microscope)
— WWI: Better guns = many patients with “partial” brain
damage

Broadmann’s map:
52 regions of the cortex defined
based on organization of cells.

History of Brain Function Observation(2)

- 1933: R 74— )LFPenfield
Before Brain surgery for epilepsy, he
stimulated brain directly by electrical needle.
while the patients were awake.
Result: Many functional region were found,
including memory, sensory, and action.

— 1940: O7R+=—Lobotomy
Cut frontal lobe of the brain for mental
disease, especially for violent patients.

Result: Became calm, but also became like @é 1

“robot”=Frontal lobe seems to be related to*
“emotion”

— 1960: X-ray CT gave clear view of the brain,
without surgery.

it geEtiBl .~ Measurement of Brain Function

« Not the measurement of brain, but brain function.
Must be done during some work. (see, touch, think)

» State-of-the-art measurement technologies are used.

— Measure “Electrical Activity”
« [~ EEG (brain wave), 1929~
« f#EMEG, 1972~
— Measure “Blood Flow”
« fMRI(functional MRI), 1973~
« PET, 1965~
« NIRS, 1994~
— Active method
« Use magnetic stimulator

EEG (Brain Wave)

» EEG: Electroencephalogram
* 21~60 electrodes on the scull skin.

» Good points
— Cheap!
— Very fast (ms)

» Bad points
— Low spatial resolution.
— Skin-electrode conductance is unstable.
— Can measure “surface”, but cannot -
measure “deep region”

« Still used in many interactive systems

MEG

+ MEG:Magnetoencephalography

+ Similar to EEG, but measure
“magnetic field” induced by
electrical current.
Very, very tiny magnetic field
(about 1/1078 of the earth’s
magnetic field)

» Superconducting technology is
used. (SQUID:Superconducting
Quantum Interference Device)

* Good points
— Very Fast (similar to EEG)
— Can measure deep region.
(magnetic field penetrates
everything) .
* Bad points
— Surface sensors = 2D

— Current sources = 3D
mathematically very difficult to solve
(almost impossible,

MRI(Z & £ B E5X)

* MRI:Magnetic Resonance Imaging

— Very strong magnetic field make protons
to “emit” electromagnetic waves.

— By measuring this waves, can obtain 3D
structures.
» Good points (compaired to X-ray CT)
— No X-ray (=good for body)
— Bone is not an obstacle
— 3D data are obtained (X-ray CT:2D)
« Bad points

— Very strong magnet (3T-): metal cannot
be carried on.

— Takes a few seconds for a single shot
(now improving).

* Current standard for “brain imaging”




100fps MRI

nynamic MRI at th:
University of Illinois at Urba

‘ /Cha‘mpaign

BECKMAN INSTITUTE

http://japanese.engadget.com/2015/04/23/100fps-mri/
AVIARET—INF - v U R—UB DRy Y LB AT IR, #/100
A DIRFEH A RELMRIBR AT ERAFKLEL
. u77/ﬂ FASBASEL - BT KBS T IS, BftISIL—LL—ME L
1F2LHALTLES SIN HOE T E T 57-0, JL—ARIZEHET HEHER
ﬁﬁlfi—ﬁrﬁ% FIALTOALDCE, ChIZ&UIEEIREIEHEERDSLZ 106,
100fps [CETEOHLNTVET,
W3 F Magnetic Resonance in Medicineg# "High-resolution dynamic speech
imaging wdh({omt low-rank and sparsity constraints" (Maojing Fu, Bo Zhao,
Christopher Carignan, Ryan K. Shosted, Jamie L. Perry, David P. Kuehn, Zhi-Pei
Liang, and Bradley P. Sutton)

Exploding MRI

fMRI =functional MRI(#&EEIMRI

* We must measure brain “activity”, not
shape.

— By using MRI, measure “blood flow”, by
measuring two hemoglobins’ ratio.
— Hemoglobin: container of oxygion.
* Red = many oxygen.
« Blue = few oxygen.

* Good point
— Location is very accurately determined.

* Bad point

— Requires a few minutes for single shot.

Current standard for brain
functional imaging.

PETERI rOVHIEX)

« PET = Positoron Emission Tomography

— Inject Radioactive ingredient as a
“tracer” (O15)

— The “tracer” collapses, and generate two
“y waves” to the opposite direction.
— The detector detects the phenomenon.
— Position is determined by timing
measurement.
— Blood flow can be measured.
« Good point
— Alittle faster than fMRI(a few second)
« Bad points
— radioactive ingredient is necessary.
— Lower resolution than MRI

NIRS(E R4+ 72 SEi%)

* NIRS=Near InfraRed Spectroscopy
- IScrl{l‘ll bone is transparent to InfraRed
g
— Put InfraRed light, and obtain brain
surface image.

— Hemoglobin: container of oxygion.
+ Red = many oxygen.
+ Blue = few oxygen.

* Good points

— No invasive. Easy to use.
* Bad points

— Low spatial resolution

— A few seconds are necessary Incidoc ik cESg

Summary of Brain Functional Imaging

FiE | BBENR ZERRGE Frf ARG
Method | Observe | Spatial Resolution | Temporal Resolution

EEG Electric Low High

MEG Electric Low High

fMRI Blood High Low

PET Blood Mid Mid

NIRS Blood Mid Mid




(REBIEYD) HK/ILARIBIC KD REEHERE

Active Measurement by Stimulation Brain Machine Interface (BMI)

Recall Penfield’s method. — Growing Field
— Mainly used EEG and NIRS (Fast response is necessary)
— For welfare: for ALS(Amyotrophic Lateral Sclerosis)

« a progressive, fatal, neuro disease caused by the degeneration of
motor neurons.

* Magnetic Pulse from outside

— Small “eddy current” is induced
inside the brain.

— The current stimulates nerves

— Region can be localized to
about 1cm”3

— Current status: Yes/No, or a few commands.

RADRS

Video =4 MBMI State of the art: RI=t D% %%

Presented image Reconstructed image

http://www.youtube.com/watch?v=daY7uOQeftA
Subject 51

Run 1 Run 2 Run 3 Fun 4 o000
i . -

BER/ -V DR TVWSIRIBEZERELTHEERT 5. RY ZERORIGE T/IMESEIC
HEIL. ZNThDBED IV S AMEZMRITEHISN B EEN/ S2—2 DD F 8, 20D

FAEZEAAOESETEELEROBERETI COFEEAVSILITEY, KES
A= OFBITANTOVENEAIZRBCT L I7AVOBHIBERTES

Miyawaki et al., “Visual image reconstruction from human brain activity using a o of multi-scale local image decoders”
http:// cns.atr.jp/dni/research/visual-image-reconstruction/
State of the art: 2% %1% AFBIEHRIF %~ Measuring Human

KR ETH(EEG)EE B L3 ADBEREISIMRIZED
TE->THLL, EEREPOREBOFHRAIZITUL. BiKE
TR LB SEERIREDHEE 7 LA LIS
17U, BREBUOBEENH B EM DN T BHEEIR K
DIFB—UNECT 230 THREBREZREIL, Bl
FTRTWEZORNBTERELTLO>1%, BUKER —
FHITE->THLL, BERTLLVRELTHLS(ZH

E)ENST LB B HEREC L= 1200 BRI, gl BEENSITEIETOIEDRIBERZD ITED DR
BHREICENIMECEARERT RAARLEREL, e . e : ;
BT AR RERNTEIT AT, FERGE . :_ Five layers, from our initial will to our perception.

HEXELTBELRPIILILEM20DMEATIID |
BFEERBFTINIMVICERLEED, TELHIED
FI)IZXIET HEREWeb L DEET—E2R—ZH
LKL, ThEDERE R 1=k O KR 2 O RE
BEE-T, MKIERERFT 5/ 8—VBHT LT

o fixi;EENETiH|.~Measure brain activity.
o % - 5 ;E B 51 ] ~Measure nerve activity.

ZL(FA—5 o B EMIERETA~ Measure autonomic nerve related
http:/news.livedoor.com/article/detail/7566434/ pheno[nenon .
T. Horikawa, M. Tamaki, Y. Miyawaki, Y. Kamitani, Neural Decoding of Visual Imagery During Sleep, .EEJJE'I'fﬂ']/MeaSUI'e mot|0n .

Science, April, 2013.

http://www.sciencemag.org/content/early/2013/04/03/science.1234330.abstract .IL\IE*%Iiﬁ.Eﬁ/ASK the user (psychophysics)




Nerve: Basics

Cell Body Nerve'Aan

Myelin Sheath
Nucleus  Nerve Ending !

Dendrite

Nerve structure

Dendrite

Cell Body ©
Nerve Axon  Nerve Ending

 #HRZe#2.~ Dendrite: Input Connector

+ #ARa{X.~ Cell Body: Calculator (Summation)
+ #4% .~ Axon: Output Cable

- f#E# K.~ Nerve Ending: Output Connector

Synapse
(e
AN - i j

Nerve Ending — Dendrite Connection
* 20nm “Synaptic cleft”

— First Discovery: Electron Microscope
« 1stnerve: Electrical Pulse =Chemical Output

— Capsules break, and neurotransimitter showers. .
« 2 perve: =Chemical Input=>Electrical Current=""-
« “One way” connection
« 0.1-0.2ms necessary

BEMLFITR-FHIHEF TR
Excitatory Synapse, Inhibitory Synapse

X4
{) X 4 Y YER(X-XpXs)
Xs - F(X)=1 when X2Threshold

=0 when X < Threshold

+ Cell Body: Take Summation X

» Excitatory Synapse: Plus(+) input

* Inhibotory Synapse: Minus(-) input

» Synaptic weight change = Learning and Memory

3R _E D EREHE.~Axonal Transmission

Dendrite minl

Bxon J

| N
Sor Ra
=/ e
= Cell Body ,-'ewe Ending //
y\_ A = =
) ‘é N r
" Myal

= 0

( O .+ Chemical “ion” is
exchanged via membrane.
C 0 * lon exchange propagates.
------------- » Voltage Difference ~70mV
C 0
C —0

R NDAA T~ Axon types
( 0
(mm—

* Axon length: Reaches to 1m.
« ST BE%H.Myelin Sheath: Insulator

« Electrical Current is limited to very small “gap” (> E T##
Ranvier Node)=Very Fast “Skip”

- BHEHEE: Myelinated axon=very fast
o |EBEMEE : Unmyelinated axon = very slow




S {nifk®EE .~ Conduction Velocity

—~
Jillll

name | diameter(um) velocity(m/s) | role

Aa 15 100 Many muscle nerves

AB 8 50 Many sensory nerves
ARaiE
Myelinated Ay 5 20 Some muscle and

sensory nerves

Ad 3 15 Fast pain
EBRREE C 0.5 1 Slow pain, heat, cold
Unmyelinated sensation, etc

* Rule: Thicker = Faster

« Myelinated Axon: Invention of vertebrate animals
: (animals with back-bone).

{ « Other animal’s strategy: Thicker the better.

ex) Squid’s gigantic nerve (diameter: 0.5mm)

Conduction velocity and diabetic (¥&5R%)

Merve fiber (axon)

Diabetic: Quite common disease by
taking too much sugar.

+ It damages Myelin Sheath so that nerve
conduction is inhibited.

= + Finally, one cannot sense anything
(blind, etc)
Inspection: measure conduction velocity

Damaged Myelin Sheath

Information Coding by the Nerve - ﬁ -

+ Repetition Ratio ahls nled e
— Strong Stimulus=High Frequency '

— Single pulse means nothing. *.*f d WMULJ 4” ”
» Timing .- r : ,

— One nerve is activated when two inputs come
simultaneously (at the same time).

(ex) Owl's Sound-Source Detection Mechanism

(ex) KL DIiBME
Augmentation of Laugh

®Take initial laugh timing by measuring muscle activity.

®Enhance the laugh by using “empathy effect”

BB

Measurement of muscle fiber activity

*Muscle Nerve =Muscle Fiber Activity
*Relatively easy with differential
amplifier circuit (Z&)IBNZDOEE).
*Problem: Conductive Gel is required.

I im D Ah B ET A

State- of—the art Muscle Measurement

8x24DEBIBRIERIBIIEE DT
DIRAFYEE

P . Ptrs o e st i s 1 st s £ pren

.mn-...pu aliration. ) pukding stwasr 8] sewplie. 0¥
o g g

Christoph Amma et al., Advancing Muscle-Computer Interfaces with High-
Density Electromyography, CHI2015




(%I~“J’?)ﬁ'ﬁ“é‘%ﬁﬁ'lMMG:mechanomyogram NP5 8F %~ Measuring Human
mil MMG
o s‘?i;’m"i?la‘if oo BENDTHETONE DREBER DN TE5ODBRE
D T= L) _szj & Five layers, from our initial will to our perception.
i % om

BIRR, i

IREEHOVA DEARICEE T s o ;% Bt 1. Measure brain activity.

{39 ST TIHRIEAIRE - S © 4% - 55 E BETAl. Measure nerve activity.
5:%@* CFH) cxd =iy o B 2 ##R R 51~ Measure autonomic nerve related
“EMGIC NS ol phenomenon. .

EIBIE S (C 3R ‘00 10 0 3 «w  sw ®;EE) il ~Measure motion.
hitp://www.trnres.com/ebook/uploads/travis/T_1279268201RS-Travis-4.pdf e o IR EER ~Ask the user (psychophysics)

. Sympathetic nervous system

B 2 ###% ~Autonomic Nervous System ymp y

(SNS: X = m#E)
Nervous system that acts as a body control system.

Composed of Sympathetic nervous system(SNS: 32 B&###%) + Nervous systems for “Fight and Flight”

and Parasympathetic nervous system(PSNS:BII 32 B ##%). (B Lk3E)
e | %% Ao
i cn » Eye Pupils (B&¥fL) —Open
'-”_. » Heart(il»#) —Blood Pressure & Beat 1
TR = RN « Skin(&J§)
I ] — Sweat Grand(;FiR)—Sweat(%:F)

R R — Hair Elector Muscle (3L & f)— Contract(IR &)
! + Blood Vessel(Ifl&) —Expand #i3k (—&p

WS IR iE)

uesmze ] 7 N
rY '.nl k

ERHL URENRE -»l ' @ &) ,I;,-,.n

Parasympathetic nervous system 158h% 8.~ Measure Emotional State
(PSNS: I3 %)
+ Heartbeat & Blood Pressure (i{>A%%. M)
+ Pulse Wave (fk;&)

+ GSR(galvanic skin response, ZEEBSRIG)

+ Eye movement (AREKZES))

+ Nervous systems for “calming” (3t &%)

 Eye Pupils (B ¥L) —Close
 Heart(i i) —Blood Pressure & Beat |

+ Blood Vessel(Ifl &) —Contract 42#& (—
ERILAR)

' A 1
J'r\;'l\ : wie |u'm,\’ o )ll N

T AR (SRS




BP=a =L

ITZEAEOEYF D100, O- LD Y REE Y —ERR

T8)5HAl~Measuring Motion

* Motion Capture System
- =3 Optical
— ¥t =X~ Mechanical
- H& X~ Magnetic
- ET#4=®Image Processing*

+ —RK—%./Pros and Cons
— KRB~ Occulusion

A5 F %~ Measuring Human

EENSTEFETOIE DRERERERIDH I TEDODEERE
Five layers, from our initial will to our perception.

o fix;EENETiHI.~Measure brain activity.

o 1#% - fiEBNETAl ~Measure nerve activity.

o B 1Em§X R A~ Measure autonomic nerve related
phenomenon.

®;EE)51 Al ~Measure motion.

o I IREEER ~Ask the user (psychophysics)

- J—9RAR—X Workspace
- B D E ~Effect of Metal

*KINECTZ D EHIEEDET

Simpler

* Gaming controllers can be used as a measuring device.
- ELB)EEHBI=Wii Balance Board
- EEEHEI=Wii Remote
- 25584 L KINECT, Leap Motion#s& DA EE

- BEGLOTEETRE

- MEEEY, DrvqOtsY

AFBIEHRIF %~ Measuring Human

EENSITEIETOIE DRERERIDHH I TS DD
Five layers, from our initial will to our perception.

o fixi;EENETiH|.~Measure brain activity.

ok - {7 iEBNET Al Measure nerve activity.

® B2 MR R 58~ Measure autonomic nerve related
phenomenon.

® EE5H8]~Measure motion.

oL IEYIREER ~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
« 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)
— Integral of both sides gives P |1 "; :|; f |5 |6
S o< logP 1 1 1 1 I 1

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

* ex:
— Audio’s rotary volume

Resistance

Rotation Angle

Why Log? = Why not Linear?

- , W -
Our nerve quantimizes the phenomenon by impulses. [k, ¢
When we have only 6 scales... TOPN e
Linear i ih Log

1 1 1 1 } Il Il. 1 L L Il il
T T T T T T
e & J 4 S5 6 lg Mg 100z Thg 10%g 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”.

'

ﬂg

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

g

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

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

@57 %:%_~Method of Adjustment Easy,
HEREDIFET S Rovgh

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

@15 %%~ Method of Constant ~ "™°gorsumng

RELITEEDOHEEIMERD

ZNZTNOFHMIC OV TITREIZALES

Today’s Summary

Measurement of Human perception is neccesary for
interactive system design.

® fixi;EBIETIAI~Measure brain activity.
® iR -fhiEBNEHAl.~Measure nerve activity.

o BEMIRRETA Measure autonomic nerve
related phenomenon.

® EEHETA. Measure motion.
o [\IEYIREER ~Ask the user (psychophysics)

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

INF R Mini Test REIFIEE TICIRH
https://goo.gl/forms/85xfExX2mLheNncR2

LT DL TIZT100F LNZE THEE &~ Answer all questions
within 50 words

. EEGIZDUVTERBAH & Explain EEG

. MEGIZD U\ TERBAHE & Explain MEG

. MRIIZDULTERBAE & Explain MRI

. PETIZDUL\TERBAE & Explain PET

. NIRSIZDULVTERBAE & Explain NIRS

. B EBME0EI DT AR & Describe difference
between myelinated and unmyelinated nerves.

. RBEAZOFHTELHREEIDEF L Quote three
phenomena related to SNS(Sympathetic nervous system)
activity.

8. VI/N—-JxEF—DXBIIZDUTERBAE & Explain Weber-

Fechner's law

DO WN -

~
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Handouts on the web(&#8)

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

“BEF2015FRAE NN TOET  RRICEZTVEET,
REAHF AN BERSEBBR MV EFITAT VAT LY
#

—Temporary, 2015 Japanese version. Will be replaced
progressively.

-Zb 5D pdfICIEENE D)2 5E(Youtube ) MiBsHAEL
TWAHDT, MEHIYLEF, EHISERAET, EED1
H%Fazﬁ;ri'e(ﬂ‘ﬂu—Fbiﬂ‘d&%txsgﬁmzﬁ ova—F
LTLIE&L

—From next time, lecture handouts will be online 1 hour
before the lecture. Print it if necessary.
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