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®| ecture in Japanese, handouts in English.

Self Introduction: Research field = Human Interface

Necessary Knowledge for the research
BE
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Interface

« 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”

Outline of the lecture

AREHRIF %~ Measuring Human
¥ “Human Vision System

HE T4 Visual Sensing
BE T4 XFL A~ Visual Display
BEE . HEH 4271 —X.~Auditory Interface

s 227 —XEHE Tactile Interface Basics
fE. 4> 27—RIEMA . Tactile Interface Applications
HE. AE A B Tx—R Haptic Interface

BEBE (4271 —R . Locomotion Interface
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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 attend
- 1. BRRNBITH T HEME
- 2. ZBRABEHT—RAVR) DR MYPT
- 3. RROIMYPTE
- 4. BREICHTERITEZ
- 5. BAEMNLTHR 1

£%{fi/ Evaluation

o EH=HIE(40%)+/NT R (5% X 8)+ 555 (20%)
- EELRERETHCENTHEORIZEY

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

—BHEF2018FEMMBEMNTVET . RRICEZTVEFET,
—Temporary, 2018 Japanese version. Will be replaced
progressively.

-CHLQDpdfICIEEE D)% (Youtube) HIBHAENTILND
DT, SEEHEVLEN, REHNSHEEH IREAET . BHED 16
BIETISPYyIO—FLET  RBELSERHIICA o O—FL TS

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

Today’s Topic:
A8 EHAIF %~ Measuring Human

g

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

AFEEHAIF %~ Measuring Human

EENSTEFETOIE DRERERERIDH 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.

® & E)51 8]~ Measure motion.

oI IBREES ~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
W o

1, J based on organization of cells.
)\ Y

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.

L

Result: Became calm, but also became like m 3 z

“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~
- Wik MEG, 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

/Dynamic MRI at the
University of Illinois at Urbar_|7champaign

BECKMAN INSTITUTE

+  http://japanese engadget com/2015/04/23/100!gs mri/

o AVIARET U R—U DAY I SRR R B I AS. #7E100
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100fps [CETEHLNTVET,

nlea" Magnetic Resonance in MedicineZ "High-resolution dynamic speech

imaging with joint low-rank and sparsity constraints" (Maojing Fu, Bo ZI

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

— Afew seconds are necessary ~ Ineentiber g

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.

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

— The current stimulates nerves

— Region can be localized to
about 1cm”3

TAOKS

Video 74 BMI Rf-1D%H5

Presented image Reconstructed image

http://www.youtube.com/watch?v=daY7uO0QeftA
Subject S1

Run 1 Run 2 Run 3 Run 4 0000"
i : : . ]
ER -V AL RTVWDARBEERELTEERT 5. Y ERORIGE C/IMERIC
HEIL. FRNFNDOEHD IS AMEZMRITEHAIS N D IEE/ S2—2 DD F 8, D
FAELEA GO E D ETERERDBBAETS COFEERANDILICEY, BKEE
A= OFBITAVNTOVENEMZRBCT L I7AVOBNBEERTED

Miyawaki et al., “Visual image reconstruction from human brain activity using a combination of multi-scale local image decoders”

http:// cns.atr.jp/dni/research/visual-image-reconstruction/

BEMD AFEEHAIF %~ Measuring Human

B EH(EEG)EEBE L3 ADHEBREICIMRIZED F
TER->THOL, EEDOREEOEHRIZTUL. iK%
EZAYUT LGSR REDHIEE) T ILEA LIZ
T ZREBVEENHDEMON TV BEEIR K
DIB—UNECTAA3IV T TREBREERIL.,
FTRTW-BORBE/RELTHoo1-%. BUHKER -
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IR = S Awatenng inter B L. N i
gg;Lfﬁf’fg;i’gﬁ;ﬁﬂ;ifgﬂf};‘g Five layers, from our initial will fo our perception.
BEXETBELROILILEHR0OMENTIID | Ji - mlk

BRERBT HAMLICERULEN, TERMED & EERTENg : .

FAVISRIST BB A Web L DEIE T —F~— R fn fiéj > ; ; o fx;EEN 5138~ Measure brain activity.

7 R . SE B e e e " T g =ity ivi

DIREL . TLEDOESE RO XNEETORE == P e o fhf% - f5 iEB)ET Al ~Measure nerve activity.

WEE>T, WKERERET 5/ 58—V RET LT B y e ;

RL(Fa—5 ), o B MR R EHA~ Measure autonomic nerve related
http://news livedoor.com/article/detail/7566434/ phenomenon .

T. Horikawa, M. Tamaki, Y. Miyawaki, Y. Kamitani, Neural Decoding of Visual Imagery During Sleep, .Eg]%‘l‘iﬂl]/Measure m0t|on .
Science, April, 2013.

htp:/ sciencemag.org/content/early/2013/04/03/science.1234330.abstract .II:}EE%EE%&/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

L+ TR Synapse
¥

Synapse
\&
\ N | synaptic vesictes
@ r
.. 7

le o8

4+ Nerve Ending — Dendrite Connection )
* 20nm “Synaptic cleft”
— First Discovery: Electron Microscope t,
« 1stperve: Electrical Pulse =Chemical Output (i;
— Capsules break, and neurotransimitter showers.
« 20 perve: =Chemical Input=>Electrical Current—="==
« “One way” connection
« 0.1-0.2ms necessary

BEMLFITR-FHIHEF TR
Excitatory Synapse, Inhibitory Synapse

X4
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 Axon

Dendrite Terminal

Mode of
Rarwier

Nerve Ending

Myelin sheath

( 0 Mucleus

bbb bbb bbb bbbt

C 0 + Chemical “ion” is

o rrrerreiies exchanged via membrane.
G * lon exchange propagates.
( e 0 » Voltage Difference ~70mV
C— T 0]

o
R D 24T .~ Axon types
L s, S, S, s, s, el
( ——————————————————— O o bt
= \ ) = ) (e ===
g T en———
R
A S e A s 4 ——=C 4 — =—
e = . -

e s e e e e e e e e e

G ¢

. —— T 0 c,, it A

bt

resting potertial restored action potential resting potential

* 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




{E S 1=ifkE E .~ Conduction Velocity

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)

LN

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 0—1“: - ;{L— -
Wy

* Repetition Ratio
— Strong Stimulus=>High Frequency

— Single pulse means nothing. w, T mE :ﬁ;JL
4 -10

B [ms]

Bl [ms]

* Timing
— 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 ac
_d /&N [/

tivity

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

Z&EMmit
Multi-electrodes

oo,

8x24DEBIBRIERIBIIEE DT
DIRAFYEE

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




(%EFE“J’?)ﬁ'ﬁ“é‘%ﬁﬁ'lMM(.?OO:mechanomyogram

2‘ MMG
% ’ 00 50 100 150 20.0 25.0 30.0 35.0 7(;.0
5 Frequency (Hz)
D [ELH) TINE £ .
3R, 5w
DREEHOV A DEARRICE § Hiva
9 BICITTIHZERAIRE &
RERANRE CTH) CRE ™
NI 1000
*EMGICEENEREIR i
JRIBIFTEICIIKARIR 00" S100: 1200, 500 00 . 1500

i Frequency (Hz)
http://www.trnres.com/ebook/uploads/travis/T_1279268201RS-Travis-4.pdf

EMPress: Practical Hand Gesture Classification with Wrist-Mounted EMG and Pressure
Sensing, CHI2016

Jess Mclintosh, Charlie McNeill, Mike Fraser, Frederic Kerber, Markus Lochtefeld,
Antonio Kriiger

Gesture Cla
1ted EMG ar

Jess Mclintosh', Charlie McNeill', Mike Fraser',
Frederic Kerber’, Markus Léchtefeld?, Antonio Kriger®

'Bristol Inferaction Group, University of Bristol
German Research Center for Artificial Intelligence (DFKI) and Saarand University

This research was suppor |ec by

EPSRC Doctoral Training fur EPIMS07994/1.

FOOIRFVYRHITBVT, ENAHEHEATEEHOETHESEEEEN LMD

AREHBIF %~ Measuring Human

BEENSITEIETOIE DRERRE RSN I TEDDERRE
Five layers, from our initial will to our perception.

o fixi;EENETifl.~Measure brain activity.
o w#% - {7 ;EENEH M.~ Measure nerve activity.
o B {F##Z R EHH~ Measure autonomic nerve related
phenomenon.
®:EH) 5181~ Measure motion.

o[ Y IRERER ~Ask the user (psychophysics)

B 2 ##%~ Autonomic Nervous System

Nervous system that acts as a body control system.
Composed of Sympathetic nervous system(SNS: 32 B ##%)
and Parasympathetic nervous system(PSNS: I3z B ###%).
R

Sympathetic nervous system
(SNS: R &%)

* Nervous systems for “Fight and Flight”

(EEX="93)

» Eye Pupils (B&¥L) —Open
 Heart(:»ji) —Blood Pressure & Beat 1
+ Skin(% &)
— Sweat Grand(;FiR)—Sweat(F:F)
— Hair Elector Muscle (3L & ##)—Contract(IX#&)
+ Blood Vessel(ll &) —Expand 3k (—#
IE)

Parasympathetic nervous system
(PSNS: I3 %)

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

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

+ Blood Vessel(Ifil &) —Contract 42#& (—
ERHLAR)




1% &)% Bl .~ Measure Emotional State

+ Heartbeat & Blood Pressure (1A%, M/E)
+ Pulse Wave (fk;K)

+ GSR(galvanic skin response, EEEBRRIG)
+ Eye movement (AREKES))

AT SRR (JERAHE)

BP=a—ZtL Ik

IRNEDMF = » D) O— LD\MEWRE Rk Y — & kS

W10/10/7 700

0w x| SR

O—LI(3, RESH BT A XSO 7% [CEATEC
JAPAN 2010] (2010F10A5~08 , BiRAv ) (CHELIE. ~L
2T THEROIIN, 7 — LSO BRI T2 AT
(I TRRDOED TH D, BTF -T2, AL AEGRE
PEALOINF 2y VIS AT T AR — 3 EHRLT
(RN

CONRET I, LEDHESICNT, RAREr(ENE  HEORT
Tab EAH —FTRIMATAEIOE Y REBOTHERHT 250, LEDK C(IWIRaNTIE
PHER BELYS, BUSLIT — SR B (ST Bl D Y2 —LEEHT 3, HERERDIHE
DOEEREL § LA S IO,

IR 4 0%TT

Seismo: Blood Pressure Monitoring using Built-in Smartphone Accelerometer and
Camera (CHI2018)

Edward Jay Wang, Junyi Zhu, Mohit Jain, Tien-jui Lee, Elliot Saba, Lama Nachman,
Shwetak N Patel

nart

AR—hIHVEMRICHL S TR THAL MEELL Y TUEAEAITE, AAS~D
EOWLETTIHADMBE LA ATES. BRELTUHEALIBEDIRB NS
HENSNDDT, MELHETES.

AREHBIF %~ Measuring Human

BEENSITEIETONE DIERERIHH I TEDDERE
Five layers, from our initial will to our perception.

o fixi;EENETiHl.~Measure brain activity.

o % - f5iEBN 5.~ Measure nerve activity.

® B Z R R 51l ~ Measure autonomic nerve related
phenomenon.

©®;EE)51H|.~Measure motion.

o\ EEYERSEER ~Ask the user (psychophysics)

1TE&E1:B].~Measuring Motion

* Motion Capture System
- #%3{_~Optical
— ##=X~ Mechanical
- W%~ Magnetic
- ET4 . Image Processing*

« —K—%_“Pros and Cons
— JERRRIRE.~ Occulusion

- J—9AR—X_Workspace
- 2B DL Effect of Metal

*KINECTE DF##MIF#DET

Simpler

« Gaming controllers can be used as a measuring device.
- EDBEEHBI=Wii Balance Board
— SEEpEHRI=Wii Remote
— 5874 KINECT, Leap MotionZ: & DA EE

- BELLOITEERTEE

- MEEELY, rqOty




Sensors became ubiquitous

* For example, simple “touch-panel” is a type of gesture
interface, which is very easily available today.

* Many researches on Human-Computer Interaction
focuses on how to use simple sensor and guess the
intention of the user, by machine learning.

Today’s Summary

Measurement of Human perception is neccesary for
interactive system design.

® [ EENET:A].~Measure brain activity.

® H#%-fh;EBNEHH.~Measure nerve activity.

o BEMmM#EFREHE.~ Measure autonomic nerve
related phenomenon.

® EE)51:8.~Measure motion.

o LIEMIEEER ~Ask the user (psychophysics)

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

INFRE/Mini Test REIFIEE TIZIRH
https://goo.gl/forms/85xfExX2mLheNncR2

LTDO2TIZ100FURNIEE THEEE & Answer all questions
within 50 words

. EEGIZ DU\ TERBAH & Explain EEG

. MEGIZDU\TEiBAE & Explain MEG

MRIIZDULTERBAE & Explain MRI

. PETIZDULTERBAE & Explain PET

NIRSIZDULTERBAH & Explain NIRS

R BHMHEDECI DL TH AR & Describe difference
between myelinated and unmyelinated nerves.

REMBEOFBTELLEZE3DE (T L Quote three
phenomena related to SNS(Sympathetic nervous system)
activity.

N oghrwbd-=

Handouts on the web(&#8)

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

—BHEF2018FEMMBEMNMTVET  RRICEZTVEET,
REAFAVN—oRESEE A VITITAT O RT LR
—Temporary, 2018 version. Will be replaced progressively.

-CHLQDpdfICIEEE D)% (Youtube) HIBHAENTILND
DT, EEHEVLER. EEHERA LS. B0 1EETIC

Fv7A—FLEY, RELSFFIZHF 2 A—FL TS

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