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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

.

F &/ Presentation
Your PowerPoint Presentation is required.

KEOMXE—DHH, TONBTEHK.
(FROCBRHECELTABLETD)

Read a paper and do presentation.
(candidate papers will be announced)
- SDETHFRES, HEE4S.
RRITL B THE

The presentation is evaluated by all attende
- 1. RRAFISH T HEME
- 2. FRABHD—RIUP) DHHYPFTS
- 3. RRO/HYPTE
-4 BEIIHTERHER
- 5. REWLHNR

Self Introduction: Research field = Human Interface

Necessary Knowledge for the research

Interface
ERD4 . Human perception
BFHEM (2 Y) ~Today's sensing technology
BHEM (F4XTLA) .~ Today's display technology

.

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

£1{fi/ Evaluation

o BH=HE@40%)+INT AR (5% X 8)+F£ 5K (20%)

. =L CENFHE DRTIZE
'%iéj(l&lﬂ@i%i%(X—lf—Eﬁﬁ?ﬂ%ﬁAttandance
(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

“REF017ERABHNTOET . RRICEZTVEES .
—Temporary, 2017 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.

Outline of the lecture

ARfIEHIF % Measuring Human

1% Human Vision System

R{EE T Visual Sensing

RET 4RI A Visual Display

B, B A2 271—X Auditory Interface

R, A 27— XEHETactile Interface Basics
¥, i3> 27— G A Tactile Interface Applications
HE. hEA2BTT—R Haptic Interface

. BBBEA>471—2X . Locomotion Interface
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Today's Topic:
AFEEHEIF % Measuring Human

ErOEHA:
AVESITATVRTLOMBEE
AVESOTATVRT LEFET B=HILBE
Measurement of human action/reaction

«To be used as parts of the interactive system
«To evaluate the system

AREEHEIF %~ Measuring Human

B l“:ﬁiﬁi'cwl'k@FE%E—,E'J%:#\J'CS’)U)EQIE
Five layers, from our initial will to our perception.

o5 ;EBEH:AI.Measure brain activity.

© % - 15 E BN ARl Measure nerve activity.

o B MR %A~ Measure autonomic nerve related
phenomenon.

®;EE)EHHl.~Measure motion.

oL ERYEREER ~Ask the user (psychophysics




History of Brain Function Observation(1) History of Brain Function Observation(2) 100fps MRI

Exploding MRI

- 1933: X2 71— /LI Penfield
o . . Before Brain surgery for epilepsy, he hd
* Theory of localization of brain function: stimulated brain directly by electrical needle.
- 1909: 70—k 7> Broadmann made “map” of the brain by while the patients were awake.

visual observation. (microscope) Result: Many functional region were found,
— WWI: Better guns = many patients with “partial” brain including memory, sensory, and action.

damage — 1940: A7R~=—Lobotomy -
Cut frontal lobe of the brain for mental & vh)_
disease, especially for violent patients. &7 3%
Result: Became calm, but also became like :Q s
Broadmann’s map “robot"=Frontal lobe seems to be related to

D SRR PR RAT A, 100

AV ARET—I1\F S R— 8
AV DOWFA A BAEMRIEHTEFFEL FL .
Ny T RRF BRI EARIBIC Thx $¥i§l IL—LL—bEE
ku%iﬂ,rhiv SIN HEDETFZE#ET 57-8D, Il —LMEMTT 1AL A!
52 regions of the cortex defined “emotion” BAEERE, FIALTL 6& Wﬁ(ﬁﬂ#FﬂliﬁE%d)hJ:fWP

based on organization of cells.

100fps I<; i't‘ SRTNET,

#XIE Magnetic in Medi lution dynamic speech
maging wih joint low-rank and sparsity i (Maojlng u, Bo Zhao,
Christopher Garignan, Ryan K. Shosted, Jarmie L. Parry, bavia B. Kuehn, Zhi-Pei
Liang, and Bradiey P. Sutton)

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

fi#4&E 51781~ Measurement of Brain Function EEG (Brain Wave) fMRI =functional MRI(#8EHIMRI PET(RIhOVEE)
. . . . o i PET = Positoron Emission Tomograph
« Not the measurement of brain, but brain function. + EEG: Electroencephalogram :‘(12 ";“5' measure brain “activity”, not Infect Regioacive ingredient as &
Must be done during some work. (see, touch, think) * 21~60 electrodes on the scull skin. pe. Facer (0f5) . 4 o
~ The “tracer” collapses, and generate two
Good points — By using MRI, measure “blood flow”, by “y waves” to the cpppos\(e dlgectlon
. P | measuring two hemoglobins’ ratio. — The detector detects the phenomenon.
+ State-of-the-art measurement technologies are used. — Cheap! —~ Hemoglobin: container of oxygion. — Position is determined by timin
Very f g yg Y timing
— Measure “Electrical Activity” - Very fast (ms) + Red = many oxygen. measurement
" p + Blue = fow oxygen. ~ Blood flow can be measured.
. ~EEG (brain wave), 1929~ + Bad points + Good point Good point
. ~ ~ Low spatial resolution. = ¢ ) Al
M /M;(l; 1; 7le » ~ Skin-electrode conductance s unstable. = ! \ ~ Location is very acourately determined. . BadA;gI:(;as‘er han MRIG fow second)
- Measure Blood Flow - Can measure ‘surface’, but cannot oy . ~ radioactive ingredient is necessary.
+ MR (functional MRI), 1973~ measure “deep region” .'. L + Bad point ~ Lower resolution than MRI |
« PET, 1965~ . stil di . . e |yt — Requires a few minutes for single shot.
+ NIRS, 1994~ till used in many interactive systems - L

— Active method =
+ Use magnetic stimulator =

.

Current standard for brain
functional imaging.

MEG

MEG:Magnetoencephalography
Similar to EEG, but measure
“magnetic field” induced by
electrical current.

Very, very tiny magnetic field

MRI(B RS B E &%)

MRI:Magnetic Resonance Imaging

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

— By measuring this waves, can obtain 3D

NIRSGE RS SEiE)

Summary of Brain Functional Imaging

NIRS=Near InfraRed Spectroscopy

- I$cr||JII bone is transparent to InfraRed
i

(about 1/10%8 of the earth’s structures. ( ) - Put InfraRed light, and obtain brain FiE | BERR ERBGRE PR IR
magnetic field) + Good points (compaired to X-ray CT, surface imag Method | Observe | Spatial Resolution | Temporal Resolution
« Superconducting technology is — No X-ray (=good for body) — Hemoglobin: CDT“GIHET of oxygion. - P P -
gseﬁi (ric?u‘ltr)f.supnerc%nducimg _ Bone is not an obstacle : :ﬁi - ’em:;gyeg:n EEG Electric Low High
uantum Interference Device) — 3D data are obtained (X-ray CT:2D) + Good points MEG Electric Low High
« Bad points h -
* Good points — Very strong magnet (3T-): metal cannot . B glo invasive. Easy to use. MRI Blood High Low
~ Very Fast (similar to EEG) be carried on. ad points _ PET Blood Mid Mid
= Can measure deep region. ~ Takesa Yew_seconds for a single shot — Low spatial resolution - -
gsgrgyr‘ﬁr.‘cg).e penetrates (now improving). — Afew seconds are necessary =~ = NIRS Blood Mid Mid
+ Bad points 1

~ Surface sensors = 20

~ Current sources =
mathematically ve SRiffiult o solve
(almost impossible

Current standard for “brain imaging”




(FERME YY) SR/ ULRARRIZ L HEEENIERSR
Active Measurement by Stimulation

Recall Penfield's method.

» Magnetic Pulse from outside
— Small “eddy current” is induced
inside the brain.
— The current stimulates nerves
— Region can be localized to
about 1cm”3

Video /R % MBMI

Brain Machine Interface (BMI)

— Growing Field
— Mainly used EEG and NIRS (Fast response is necessary)
— For welfare: for ALS(Amyotrophic Lateral Sclerosis)

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

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

State of the art: Riz:D%E05

Promonted imago Rocorstructed imagoe

hitp:/A utube. 12v=daY7uO0eftA
Subject 51

Funt Fun2 Run Fiun 4 o
ﬂw,ﬂ'iﬂlW—/i)‘bETL‘%@%{E&&L‘(E%&?& 1RE HERORGET/IERIS
AEIL. ThEhOBEOIL NS AMEZEMRIT NBRER G- MEF R TO
FREEEHEDE I ETEREHDOBHEAE COFHEEAVDEISLY, BEY
RE—2OFBIZAVTVENEFAZEBPT LI 7N OMABRATED

Miyawakiet al

hitp:/iw

esearch/visual-image-reconstruction;

State of the art: %4515

i EHEEG) & 575 L 1=3 A DI ER: RIZEEND+
TESTL5L, BEDOREDOH LR, BEE
TR LA ERREOHEEYT LSS L
U, BRI 55 LS TN SERRE
DB ELESAT T THRIREERCL TR
FTRTVEBONBEREL TELEI- . BURE
RO THEL, BERTLELVRELTESSER =
)EVSCEE S B E C LIZH200EIRE, gl
PHECRNANACRRERT ARLL LML, o
FSA—ZERNTRITACLT, FEHLE

BEXETBHAOCILIBERODWRATTIO | = |

ARERRT SRILLICERULEN, EBLMES I
FAYISHET SEREWeb EOBET —5A—2 10
BUUEL . THDESE B FF O d M

DEEST, MRERERRT 5/ 35—
RL(TA—H Ve,

hitp://news.lvedoor.com/article/detail 7566434

. Horikawa, M. Tamaki, Y. Miyawaki, Y. Kamitani, Neural Decoding of Visual Imagery During Sleep,
Science, Apri, 2013.
hitp:/Jwww.Sciencemag.orglcontentiearly

AR5t F %~ Measuring Human

BENDTHETOME DREBEER D 1T DR
Five layers, from our initial will to our perception.

fi;EBY &R~ Measure brain activity.
(] Ef??ﬁ"‘?

phenomenon.
®;EE)EHHl.Measure motion.

A~ Measure autonomic nerve related

oI EREER ~Ask the user (psychophysics)

Nerve: Basics

Cell Body Nerve.‘A«)éon

Myelin Sheath

Nucleus  Nerve Ending -

Dendrite

Nerve structure

Dendrite

V"'\

‘—‘ Cell Body

« #HRZE#2.~ Dendrite: Input Connector

- #@Ratk.~ Cell Body: Calculator (Summation)
« B3~ Axon: Output Cable

* ##%#83K.~ Nerve Ending: Output Connector

 —
Nerve Axon  Nerve Ending

Nerve Ending — Dendrite Connection
20nm “Synaptic cleft”

— First Discovery: Electron Microscope
1stnerve: Electrical Pulse =Chemical Output
~ Capsules break, and neurotransimiltter showers. L
2" nerve: =>Chemical Input=>Electrical Current—=-
“One way” connection
0.1-0.2ms necessary

REH S TR -GS F TR
Excitatory Synapse, Inhibitory Synapse

X4
X 4 v Y=EF(XXpXs)
X - F(X)=1 when X2 Threshold

=0 when X < Threshold

Cell Body: Take Summation X

Excitatory Synapse: Plus(+) input

Inhibotory Synapse: Minus(-) input

Synaptic weight change = Learning and Memory

#FE E DEREMR. Axonal Transmission

Dendrite

@ 1’}":«‘}\\“"

=

Chemical “ion” is

exchanged via membrane.
D + lon exchange propagates.
« Voltage Difference ~70mV

== 0

D

RDEAT / Axon types

Axon length: Reaches to 1m.
ST RE#R Myelin Sheath: Insulator

Electrical Current is limited to very small “gap” (7€ Tk
/Ranvier Node)=Very Fast “Skip”

A #1942 : Myelinated axon=very fast

PR HHE : Unmyelinated axon = very slow




{E S 1nik:EE ~ Conduction Velocity

name role
Aa 15 100 Many muscle nerves.
AB 8 50 Many sensory nerves
HUEHE
Myelinated Ay 5 20 Some muscle and
sensory nerves
AS 3 15 Fast pain
FRE c 05 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 (4R %5)

.

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

Information Coding by the Nerve | |

Repetition Ratio
— Strong Stimulus=>High Frequency
— Single pulse means nothing. “'f

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

(ex) Owl's Sound-Source Detection Mechanism

i

*Muscle Nerve =Muscle Fiber Activity

Relatively easy with differential
amplifier circuit (ZEENBIZDEE).
— *Problem: Conductive Gel is required.

(ex) EL DM
Augmentation of Laugh

®Take initial laugh timing by measuring muscle activity.

®Enhance the laugh by using “empathy effect”

wITImDFHEETE
State-of-the-art Muscle Measurement

Sx2ADBABERIHIHE OIS
CIRFEE

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

(RE F“J7) ﬁ'ﬁ%?‘l‘iﬁllMMG_":_mechanomyogram

EREED TELH] TEOW
SRR,
DLREEHOV A DEARICHS
149 DT TIFRELAIRE

EREAR CFH) ICE =

[ ——

EMG

SNIEL w0 T
*EMGICEENERER o M —
JRIBIIFTEICIIRARS w et o
http://www.trnres .com/ebook/uploads/travis/T_1279268201RS-Travis-4.pdf Fraquescy Q)

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

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

EMPress:

Jeas Mcintosh ', Chorie Mcell', Mie Fraser
Frecerc Kerber’. Markus Léchbefeld”, Anfonio Kriges

.

FOCIRFYRBRIIBNT, ENRPHEHBAHTEEDE THEILEFEN LD

AREHEIF %~ Measuring Human

i Y

——
BENSITHETOIE DREERHH I TED DR
Five layers, from our initial will to our perception.

o3 ;EBEA.Measure brain activity.

ofHi% - £ EBNEHE. Measure nerve activity.

o & ~ Measure autonomic nerve related
phenomenon.

®;EFEHiHl.“Measure motion.

oL EEYEREER. ~Ask the user (psychophysics)

B ##4#%~ Autonomic Nervous System

Nervous system that acts as a body control system.
Composed of Sympathetic nervous system(SNS: 38 B##4%)
and Parasympathetic nervous system(PSNS:BlI32 B ##X).

2 ) Emmn
mumzsen] =
?-& A

om

am e
SEeR

esnzswn] =

ETT T R

Sympathetic nervous system
(SNS: & i#%)

+ Nervous systems for “Fight and Flight”

(B4 k)

Eye Pupils (L) ~Open

Heart(1: i) —Blood Pressure & Beat 1
Skin(& f§)

— Sweat Grand(:F#%)—Sweat(%:F)

— Hair Elector Muscle (32 % #%)—Contract(4R#&)
Blood Vessel(f1&) —Expand #i3E (— &

Parasympathetic nervous system
(PSNS:BII 3 & 1i#%)

« Nervous systems for “calming” (i1 &%)

Eye Pupils (B 7F.) »Close

Heart(1: i) —Blood Pressure & Beat |
Blood Vessel(Ifi &) —Contract 42§ (—
EBILIR)




&8 % 8IE ~Measure Emotional State

+ Heartbeat & Blood Pressure (1148, fi/E)
+ Pulse Wave (&)

+ GSR(galvanic skin response, ZEERRIG)
+ Eye movement (BREKEE))

COGCAM: Contact-free Measurement of Cognifive Stress During Computer Tasks with
a Digital Camera
Daniel McDuff, Javier Hernandez Rivera, Sarah Gontarek, Rosalind Picard, CHI2016

HAFR—R T, FREEDT—SEEL, RFLRERLERT BIEHEE2. TOR
£, DAZTOLO, FRETDLD, EESTLHAOEHEFEN AN RERLART LM
hhots

AREHEIF %~ Measuring Human

o Pl Py

BENSITHETOIE DRERERHH I TED DERRE
Five layers, from our initial will to our perception.

®fixi;EENETH].~Measure brain activity.
#~Measure nerve activity.
I~ Measure autonomic nerve related

phenomenon.

©:BE)Etifl~Measure motion.
oL EEYIREER ~Ask the user (psychophysics)

TR

#il~Measuring Motion

Motion Capture System

- 2~ Optical

- ¥~ Mechanical

— B & Magnetic

- EF4=_.~Image Processing*

—£&—%2Pros and Cons
— KRR Occulusion

— D=9 AR—2ZWorkspace
- 2B NOFE /Effect of Metal

*KINECT# D3 #IE % OEIT

Simpler

« Gaming controllers can be used as a measuring device.
- ELE#EEHAI=Wii Balance Board
— EEEHEI=Wii Remote
— £588# L KINECT, Leap Motion2& D& TE

- FEGLOBIETRE

- MEEEY. Seq0usy

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.

Expressy: Using a Wristworn Inertial Unit to Add to
Touch-based Interactions

Gerard Wilkinson, Ahmed Kharrufa, Jonathan Hook, Bradley Pursglove, Gavin Wood,
Hendrik Haeuser, Nils, CHI2016

FHICEE LS A—YMERYM TR ETRYF AR DBE SRR HEFES
(EDQLSITRIBDED)

SkinTrack: Using the Body as an Electrical Waveguide for Continuous Finger Tracking
on the Skin, CHI2016
Yang Zhang, Junhan Zhou, Gierad Laput, Chris Harrison

[

3 ‘ED

T

B BBOMHZBR A, YRR AU FEMIETRT 1L, EOERERH

One-Dimensional Handwriting: Inputting Letters and Words on Smart Glasses
Chun Yu, Ke Sun, Mingyuan Zhong, Xincheng Li, Peijun Zhao, Yuanchun Shi, CHI2016

One-Rimensional Handwriting:
Inputtifigbetiers and Words on Smart Glasses

Cnun i, Ko Sun, Mingiuen Bhong, Kincheng Li, Peigun Zha, Yuanchun Sh
Taingfua Universy
AARODYIWIZDONFIDEYF U FEF>TOMNITKFANETIN. FILIFRvbEh
ThOBEHND, RED/S—VEERTS

SkullConduct: Biometric User Identification on Eyewear Computers Using Bone
Conduction Through the Skull, CHI2016
Stefan Schneegass, Youssef Oualil, Andreas Bulling

HEEHHDA AL TR TH AT P BEHOHEICL>TE
BEOVHE, ELLA—FOFIETREI%, Bot=1—H

REASHIKD. 10 ADH
26.7%

Today’s Summary

Measurement of Human perception is neccesary for
interactive system design.

® fixi;EBETE.~Measure brain activity.
® wi#%- i EB AT Measure nerve activity.

o BHEM#EREHAI~ Measure autonomic nerve
related phenomenon.

® EH il Measure motion.

o [LEEYIRZER ~Ask the user (psychophysics) a

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

10




INF R Mini Test REIRAAE TICIR T

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

LT D2 TIZ100F UANIZE THREE £~ Answer all questions
within 50 words

EEGIZDUW\TERBAt & Explain EEG

MEGIZDLY Bt & Explain MEG

MRIIZDULVTERBAE & Explain MRI

PETIZDUL\TERBAE & Explain PET

NIRSIZ DWW TERBAE & Explain NIRS

A B IR LRI DE DL TR & Describe difference
between myelinated and unmyelinated nerves.
ZRBEDFHTELHRKEIDHEIF L Quote three
phte.n.?mena related to SNS(Sympathetic nervous system)
activity.

oA ON =

~

Handouts on the web(F48)

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

“REF2017FERABHNRTOET  RRICEATVEES .
“BAEAFSA N RESEBBE AV ETVTAT VAT LY

—Temporary, 2017 version. Will be replaced progressively.

—CB 5N pdfISIZENE D)7 5E(Youtube ) AtBHATH

TLENOT &Y [FERA 01
BMMETI=7yIR—FLE HHBMI<& o A—F
LTS

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