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Self Introduction: Research field = Virtual Reality




Necessary Knowledge for the research
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Interface
« EFD4EE.Human perception
. EHHET () “Today’s sensing technology
o M (TARTLA).~Today’s display technology

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




Outline of the lecture

F'EEI ERilES f/Measurlng Human
#85_Human Vision System
RAEt 25 Visual Sensing
HBE T+ RTL A Visual Display
BEE . R4S 4271—X .~ Auditory Interface
e, E A 27T —XAEME Tactile Interface Basics
e, iE A 427 x—X G A Tactile Interface Applications
hE. hE A2 R71x—X ~Haptic Interface
BERE A 2T7—X ~Locomotion Interface
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85 Human Vision System
RELTZ > =27 /Visual Sensing
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SMARIT T LB BT AR EEsHE] D /Presentation video upload
MBI EFAFHE (1) /Watch group 1 video
M TLEEFAFHE (2) /Watch group 2 video
M TL Y EFAFHE (3) /Watch group 3 video



INT AR Mini Test
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E-mail report based mini tests are done every time.

Upload to

https://forms.gle/NiDH9z323CBLnDZe9

Deadline: Before the beginning of the next lecture




F %/ Presentation
Your Video Presentation is required.

« REDMNZ—DOHH, TOABRETHER.
(G 3.(0)5; [T BEFuhk)
Read a paper and upload your presentation video.
(candidate papers will be announced)

— BRII55LLIA. YoutubeDRE ARV ELTIRE
« ERIIZFEEE Tl

The presentation is evaluated by all attendees

- 1. ERARITHT HHEEE

- 2. BRRABHUNT—RAUM) DY TE

- 3. BRDHMHYPT

- 4. BREICRTHRITEA

— 5. #MAEMGHER




=T {fi/ Evaluation

« R =/NTAN8% x 8)+FEZR(36%)
LK RE T AN THADFTIZ &4

« Evaluation=Mini Test (8% x 8) + Presentation (36%)
Presentation is required.



Handouts on the web

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

—HEF2019F A EMNTLET . RRICE

ZATWEFET,

—Temporary, 2019 Japanese version. Will be replaced

progressively.

—Cb LD pdfIC(EENE

D)2 7% (YoutubeZF) Hi1E

BHRAENTILVE

+. A 54V EEZ Tl Youtube DE A FTLVEH
ADT. COpdfDYLH%ES) v TS,

—From next time, lecture handouts will be online 1 hour

before the lecture. It contains links to Youtube videos, so

please watch videos trough the link. The video is not

replayed in the main lecture video.




Today’s Topic:
AFRIETEI % Measuring Human

ErDETAI:
ARSI TAITORTLDERES
ARSIV TATORT LEFHET H=DIZH 7B

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




A MEET I %~ Measuring Human

,w.,\h\bﬁiiw F COIEDREBZEA DM ITESDODEXE
Five layers, from our initial will fo our perception.

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

® 1$*E|3"f:’é¥n+/,ﬁ'l/ Measure autonomic nerve related
phenomenon.

®:E H)51:H].“Measure motion.
o\ IEMIEEER ~Ask the user (psychophysics)

*




History of Brain Function Observation(1)

* Theory of localization of brain function:

— 1909: 7 00—k <> Broadmann made “map” of the brain by
visual observation. (microscope)

— WWI: Better guns = many patients with “partial” brain
damage

AT IL R (Principles of
Neural Science)
https://www.medsi.co.jp/kandel/sy
ousai/index.html

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



History of Brain Function Observation(2)

A BROIRL DA -

— 1933: R J4—)LPenfield
Before Brain surgery for epilepsy, he
stimulated brain directly by electrical
needle.
while the patients were awake.
Result: Many functional region were found,

ARl A

iIncluding memory, sensory, and action. A7 IR Princplos o
— 1940: |:|7|—: E—Lobotomy wedsi.co.ip/kandellsyou

Cut frontal lobe of the brain for mental
disease, especially for violent patients.
Result: Became calm, but also lacks
emotion=Frontal lobe seems to be

related to “emotion

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




fibi 14 RE 5181~ 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”
o X% ~EEG (brain wave), 1929~
e Xt 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
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EEG (Wikipedia)

https://en.wikipedia.org/wiki/Electr gé&
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MEG -

« MEG:Magnetoencephalography

« Similar to EEG, but measure
“magnetic field” induced by
electrical current.

« Very, very tiny magnetic field
(about 1/108 of the earth’s
magnetic field)

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

« Good points

— Very Fast (similar to EEG) g i
— Can measure deep region. S (denrite)
(magnetic field penetrates
everything) .
« Bad points

— Surface sensors = 2D

— Current sources = 3D —
mathematically very difficult to solve MEG (Wikipedia)

(aI most |m pOSSi bIe) E:Es:i;enHW|klped|a.orq/mdeaqnetoen::gp




MRI(#% 7% s L IS B[ {5 X )

MRI:Magnetic Resonance Imaging

— Very strong magnetic field make protons =4
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”

MRI (Wikipedia)
https://en.wikipedia.org/wiki/Magnetic reso

nance imaging




100fps MRI

Dynamic MRI at the
University of Illinois at Urbana—Z /Champaligh

\

Maojing Fu, Waron Johnson, Zhi-Pei Eiaﬁlg, Brad|Sutton
Ini collaboration withi thle

Biomedical Imaging Center

BECKMAN INSTITUTE

FOR ADVANCED SCIENCE AND TECHNOLOGY

« http://japanese.engadget.com/2015/04/23/100fps-mri/

« ME100a7 DR M AIREGMRIF T2 R F

* Maojing Fu, Bo Zhao, Christopher Carignan, Ryan K.
Shosted, Jamie L. Perry, David P. Kuehn, Zhi-Pei Liang, and
Bradley P. Sutton "High-resolution dynamic speech imaging

with joint low-rank and sparsity constraints" (), Magnetic
Resonance in Medicine, 2015




Exploding MRI

http://www.youtube.com/watch?v=uxjOn5fCoAw&feature=share

BIRE>EADEFEEFEEE NN TOWEARERICETEMN
AN BREEBR-APLTWV-REERDBERFICERE SRR




fMRI =functional MRI(#8ERIMRI)

« 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.

fMRI (Wikipedia)
https://en.wikipedia.org/wiki/Functional (=]
netic_resonance _imaging .




PETERO MOV ERER)

« 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
— A little faster than fMRI(a few second)
« Bad points

— radioactive ingredient is necessary.
— Lower resolution than MRI

PET (Wikipedia)
https://en.wikipedia.org/wiki/Posi
tron emission tomography




NIRS(GE Fr 5% 72 JEiE)

 NIRS=Near InfraRed Spectroscopy

— Scull bone is transparent to InfraRed
light.

— 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

e | \_
NIRS (Wikipedia)
https://en.wikipedia.org/wiki/Near-infrared spectroscopy

WY Th S AOEIEEE

NeU
https://neu-brains.co.jp/service/equipments/principle/




Summary of Brain Functional Imaging

FiE | HERR ZERBRRE e ] AR 4R
Method | Observe | gpatial Resolution | Temporal Resolution

EEG Electric Low High

MEG Electric Low High

fMRI Blood High Low

PET Blood Mid Mid

NIRS Blood Mid Mid




(RRMEYD) R/ NILARIBIC K DREEIHIER SR

Active Measurement by Stimulation

 Recall Penfield’s method.

* Transcranial magnetic
stimulation (TMS)

— Magnetic Pulse from outside

« Small “eddy current” is induced
Inside the brain.

 The current stimulates nerves

* Region can be localized to about
1cm”3

TMS (Wikipedia)
https://en.wikipedia.org/wiki/Tra
nscranial magnetic stimulation




Transcranial magnetic stimulation as a therapy

 https://www.youtube.com/watch?v=i0GKbmbES08
o HETAYLE (repetitive) BEKURIRIZ LB /NE) D RIRETE?




Brain Machine Interface (BMI)

— 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.

EEG (fiadife)

el
NIRS ( Bz in 7% )
BaEt BEEE fi;Z#hT —45 A =<7FRBI| (e S

Honda. ATR. B ZH8EFA LR T, EZ ST TORy M EFIHI 2BMIEfiTZ B (2009)
https://www.honda.co.jp/news/2009/c090331.html




be::(:)@’&fﬂ%)

Presented image Reconstructed image

Subject S1

s Run 1 . Run 2 : Run 3 . Run 4 . 0000"

http://www.youtube.com/watch?v=daY7uQQ0eftA

REEEN/NI—UDO R TWWARIBZERELTEBRT 5. A 2EROHZBRE T/IEEIC
SFEIL. TN ENDOEF DAV S AMEZMRITEHAIIN AMEE /A2 —2 DD F 8, ZD

FAEZHAEHELETERERDBRBAEZITI COFEZRANSEICKY., INEE)
I$E—U OEBIZAVTOVENEAZERBOT LI7 VOB BEHTES

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

http://www.cns.atr.jp/dni/research/visual-image-reconstruction/
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ATR. BERFIZCRTWAZEDANBE T B MiaHE
http://news.livedoor.com/article/detail/75664 34/

T. Horikawa, M. Tamaki, Y. Miyawaki, Y. Kamitani, Neural Decoding of Visual Imagery During Sleep,
Science, April, 2013.
http://www.sciencemag.org/content/early/2013/04/03/science.1234330.abstract




A MEET I %~ Measuring Human

= ,b\h\bﬁiiw F COI EDFRFEZRHH I TS DODELE
Five layers, from our initial will fo our perception.

® X ;EE 5B~ Measure brain activity.

® £{% - fA SE B 518~ Measure nerve activity.

o B EM#Z R 1Al Measure autonomic nerve related
phenomenon.

® EF) 518l Measure motion.

o [\ IEYIREER ~Ask the user (psychophysics)

IO




Nerve: Basics
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HhoT LRI (Principles of Neural Science)
https://www.medsi.co.jp/kandel/syousai/index.html




Nerve structure

Dendrite
N
— Cell Body 0
/ Nerve Axon  Nerve Ending

. #H{RZE#.~ Dendrite: Input Connector
#ARa{A.~ Cell Body: Calculator (Summation)
%~ Axon: Output Cable

R #L K.~ Nerve Ending: Output Connector



’/7‘7:;(/ Synapse

A

S

»
4

* Nerve Ending — Dendrite Connection

« 20nm “Synaptic cleft”

— First Discovery: Electron Microscope

ﬁ BR U TATOERE

S

\ $FFRH

-

ST /

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

« 1stnerve: Electrical Pulse =Chemical Output
— Capsules break, and neurotransimitter showers.

« 2" perve: =Chemical Input=Electrical Current
« Most are chemical synapses, but some are electrical synapses

« “One way” connection
* 0.1-0.2ms necessary



BEMES TR - FTR
Excitatory Synapse, Inhibitory Synapse

X1

— F(X)=1 when X2Threshold

=0 when X < Threshold

Cell Body: Take Summation 2

Excitatory Synapse: Plus(+) input

Inhibotory Synapse: Minus(-) input

Synaptic weight change = Learning and Memory



B L DE

Dendrite
N
>
Cell Body O
Nerve Axon Nerve Ending
y,/

++++++F+++F

o O O O

= =H% ~ Axonal Transmission

Dendrite
Axon Terminal

Node of
Ranvier °

> Cell body

Schwann cell

Myelin sheath
Nucleus

Axon (Wikipedia)
https://en.wikipedia.org/wiki/Axon

e Chemical “ion” is
exchanged via membrane.
* lon exchange propagates.

« Voltage Difference ~70mV



EZRDFA T~ Axon types

, B
Dendrite Sa]tatory .
b conduction Axon Terminal
( ___________________ @ Node of
Ranvier °
———+++HHHHHH+
( +++———— @
+H+———+++++++++++++ '
( e () Axon Schwann cell
Myelin sheath

Nucleus

( ——————— FFF——————— @

* Axon length: Reaches to 1m.
« IT)LEE#E.Myelin Sheath: Insulator

— Electrical Current is limited to very small “gap” (%
VB T##k.~Ranvier Node)=Very Fast “Skip”

— (BkiE{mE: saltatory conduction)
- FEEMEE : Myelinated axon=very fast
- HEEEMHFR : Unmyelinated axon = very slow

e =
@

Myelin (Wikipedia) https://en.wikipedia.org/wiki/Myelin




£ 5 1=iifkEE .~ Conduction Velocity

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

Aa 15 100 Many muscle nerves

AB 8 50 Many sensory nerves
A REHRE
Myelinated Ay S 20 Some muscle and

Sensory nerves

Ad 3 15 Fast pain
BRI AT 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. / Q,‘ il
 ex)Squid’s gigantic nerve (diameter: 0.5mm) W#. £
‘;{} in"”
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Conduction velocity and diabetes (##

Diabetes (Wikipedia) Nerve conduction study (Wikipedia)
https://en.wikipedia.org/wiki/Diabetes https://en.wikipedia.org/wiki/Nerve conduction study

» Diabetic: Quite common disease by taking too much sugar.

« Damage to the nerves of the body, known as diabetic neuropathy, is the
most common complication of diabetes.lt damages Myelin Sheath so that
nerve conduction is inhibited.

* Inspection: measure conduction velocity o



iy
* Repetition Ratio & Population 7
B ME] [ms ]

— Strong Stimulus=High Frequency & Large,Numbers

— Single pulse means nothing. M‘i T ” ” ”_ ”_“ ;MU\
'
-70

° Timing B [ms ]

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

/(7

Information Coding by the Nerve _JL - ‘ﬂ -

(ex) Owl’'s Sound-Source Detection Mechanism « o




HEEETH| (electromyography - EMG)
Measurement of muscle fiber activity

electro.myog raphy { :
https://en.wikipedia.org/wiki/Electromyography i ‘e

*Muscle Nerve =Muscle Fiber Activity
‘Relatively easy with differential amplifier circuit
*Problem: Conductive Gel is required for high precision measurement.

*Frequently used for HCI



(ex) EL\DIENg
Augmentation of Laugh

®https.//www.youtube.com/watch?v=mTsJd109tzs

® Take initial laugh timing by measuring muscle activity.

®Enhance the laugh by using “empathy effect”



FAK  ZEBE+HEBFEE LD AT vERHE

Trends: Multi-electrodes+Gesture Recognition

©80.6 0 0 0 0 0.6 00 0000000000 0,00
.l-.li..l.lﬁnomamouoaooDO-J
uoicooo.uooneonemolon.‘aclocuu
..'.......UUUDQWWOUGO'J(JDO’)
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..I'].... o0
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2 0 0 00 0 0 @000 Q0

Figure 2. Picture of the electrode array used. The inter-electrode-
distance is 10 mm. The electrodes are arranged in a 8x24 grid. Electrode
numbering starts at the lower left corner and works columnwise.

https://www.youtube.com/watch?v=jOEcsNmTk7q
Myo Armband

Figure 3. Picture of the actual setup used: (1) electrode array, (2) pream-
plifier, (3) Reference electrode, (4) DRL circuit, (5) data glove (not used),
(6) real-time signal visualization, (7) guiding software, (8) amplifier, (9)
recording computer

8X2AN BB ZRIBICEZT DT RFvEE

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




EMPress: Practical Hand Gesture Classification with Wrist-Mounted EMG and Pressure Sensing, CHI2016
Jess Mcintosh, Charlie McNeill, Mike Fraser, Frederic Kerber, Markus Lochtefeld, Antonio Kriger

EMPress:

Practical Hand Gesture Classification
with Wrist-Mounted EMG and Pressure Sensing

Jess Mcintosh', Charlie McNeill', Mike Fraser',
Frederic Kerber?, Markus Lochtefeld?, Antonio Kruger?

'Bristol Interaction Group, University of Bristol
’German Research Center for Artificial Intelligence (DFKI) and Saarland University

This research was supported by
EPSRC Doctoral Training funding through grant EP/M507994/1.

Contact Us: big.cs.bris.ac.uk/projects/empress

https://www.youtube.com/watch?v=BBpHwWWdR5Bc

FOTIRFvRBIBNT, ENAHEHESREADE TEIEEEER LS



(FEME YY) & 5HBIMMG:mechanomyogram

Ultra-thin MEMS EHRBAREN ELRATRETER
A mechanomyogramiSénsor oGO RT LR A—
EMS smart wearh = https://unit.aist.go.jp/ssrc/team_hysd.html

ARfliED =LA TEHLEDIRR,
NOREETHOV T D EARRICEY I DICIT TIEZEERIFE
REFREIARE CTFH) [CEENZL)

*EMGIC LENEER

JRIBIFTEICIIKAEDS




SottoVoce B E R EZEEZFIALI-YAL NS

X ===%] =%
B B oo ank

unedited sequence

https://www.youtube.com/watch?v=74VCUKXIiT20
https://lab.rekimoto.org/projects/sottovoce/

NERANZERE (G28) IICHICARLSN CECBE KK
E=BE, BRADBIZEPILYA LASTATIEBELTRHA «
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A MEET I %~ Measuring Human

,w.,\h\bﬁiiw F COIEDREBZEA DM ITESDODEXE
Five layers, from our initial will fo our perception.

®fix;EENETAl.“Measure brain activity.

o 1% - i /5 Ehat Bl ~“Measure nerve activity.

o fi**ﬂ"fi¥n+/ﬂ'l/ Measure autonomic nerve related
phenomenon.

® E )58~ Measure motion.

o [\ IEYIREER ~Ask the user (psychophysics)

IO




LR~ Autonomic

Nervous System

Nervous system that acts as
a body control system.

Sympathetic nervous
system(SNS: 38 BE 8 #%)

Parasympathetic nervous
system(PSNS: &l 3 B ###%).

Autonomic nervous system
(Wikipedia)

https://en.wikipedia.org/wiki/Autonomi

Edinger-Westphal
nucleus

Super salivatory
nucleus

Inferior salivatory
nucleus

Region of
spinal cord

Dorsal nucleus

of the vagus and
nucleus ambiguus

Spinal cord

C_hervous system

Coccygeal
ganglia

fused together
(ganglicn impar)

Associated nerves
and terminal ganglia

Ciliary ganglion

Pterygopalatine
ganglion

Target organs (effectors)

Lacrimal Gland

= Mucous membrane

(nose and palate)

Submaxillary gland

Sublingual gland

24 Mucous membrane

(mouth)
Parotid gland

Heart

Larynx
Trachea
Bronchi

Esophagus

Stomach

Abdominal blood

= yassels

Liver and bile duct

" Pancreas

Adrenal gland

F{ Small intestine

I —— Sympathetic fibers

Parasympathetic fibers

Large intestine
Rectum
Kidney
Bladder
Gonads

External genitaia



Sympathetic nervous system
(SNS: 32 %)

hair shaft

sweat pore
dermal papilla
Meissner’s corpuscle
(tactile corpuscle)

stratum corneum ,

pigment layer ———— R | EPIDERMIS

stratum germinativum
stratum spinosum
stratum basale - DERMIS

arrector pili muscle
sebaceous gland
hair follicle

£ | suscutis

I~ (hypodermis
papilla of hair (hyp )

nerve fiber

» 4 (5 i

(g N 4 Al |4 /

/ 0 P\ S

< ” . g 4 », -

- A e, 7 %
blood and < N Sar il VA 57N L
lymph vessels 4 ™ (§ ;
4 < P

sweat gland

C |I
, . . ﬂ-*-:.'._ﬂ‘_:'?':*;::h\..\

https://en.wikipedia.org/wiki/Pupil https://en.wikipedia.org/wiki/Heart Pacinian corpuscle

https://en.wikipedia.org/wiki/Sweat gland

« Nervous systems for “Fight and Flight” (B15 &k E)
— Eye Pupils (BEfl.) -»Open
— Heart(il»ig) —Blood Pressure & Beat 1
— Skin(&JE)
« Sweat Gland(;FiR)—Sweat(F;F)
- Hair Elector Muscle (3L & #)—Contract(UX &)

— Blood Vessel(l &) —Expand $i5k (—ERURHE)




Parasympathetic nervous systel
(PSNS: &Il 38 B 1H#%)

hair shaft

Meissner’s corpuscle
ile corpuscle)

stratum corneum

plamentlayer — S bt | EPIDERMIS

stratum germinativum

stratum spinosum et e |l o EAEE)
stratum basale ey ) ; - DERMIS
o TR ) et

£ | suscutis
I~ (hypodermis)

‘r_ o
e Al
- - |
e ———

https://en.wikipedia.org/wiki/Pupil https://en.wikipedia.org/wiki/Heart Pacinian corpuscle

https://en.wikipedia.org/wiki/Sweat gland

« Nervous systems for “calming” ;&%)
« Eye Pupils (EEfL) —Close
« Heart(i(:&) —Blood Pressure & Beat |
« Blood Vessel(Ml &) —Contract UX#E (—ERH5LE)



& E8h% B|E .~ Measure Emotional State

Heartbeat & Blood Pressure (1(>#H%1. M E)
Pulse Wave (%K)

» GSR(galvanic skin response, &
« Eye movement (EEEK:EEf)
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https://www.rohm.co.jp/pulse-wave-sensor




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
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Smartphone Accelerometer and Camera

Edward Jay Wang
Junyi Zhu

Mohit Jain
Tien-Jui Lee

Elliot Saba

Lama Nachman " e
UNIVERSITY of . intem
Shwetak Patel WASHINGTON ubicomp (

LAFS

https://www.youtube.com/watch?v=Xd6hSQYHVCc

AX—h I+ WICIRL B THARE TR IEE L TILDENGHAITE, hAS~AD
EOBLETTEAOMREILMNTRAITES. BRELTOEILIEEDIRBIZ DS
AN NENDT, MEZHEETES.




RIEAVF VRV ARIEDAEZSDTAT IV RT LD

A w8 T T—3A
(hEE )

! | i } 11 . '
LAY 1 g
V%

’Sfd by the “Chilly sensaﬁo‘rﬁ"' {y
A ' fuais J: 4

BWMAMIRSTAT - IN\(AT4—K/\vHZF|BLT-  htips://www.youtube.com/watch?v=m5GSSbSabGl

AVRS)TA4TH—L]aAVE1—RY TR T, Fukushima et al., Facilitating a Surprised Feeling by
vol.27, No.2 (2010) Artificial Control of Piloerection on the Forearm,
https://www.jstage.jst.go.jp/article/jssst/27/2/27 AugmentedHuman 2012
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Fi%.Measuring Human
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Five layers, from our initial will fo our perception.

®fix;EENETAl.“Measure brain activity.
o 1% - i /5 Ehat Bl ~“Measure nerve activity.
92K 51l Measure autonomic nerve related

phenomenon.

® & E)Et;8] ~“Measure motion.

®I[)]
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BYIREER ~ Ask the user (psychophysics)



1780538l Measuring Motion

* Motion Capture System
— 2.~ Optical
— 4=~ Mechanical
— W& =X.~Magnetic
— ET#4 X Image Processing*

« —fK—%2.Pros and Cons
— E#KEIRE.~ Occulusion
— J—HXAR—X_Workspace
— EENDEE Effect of Metal

*KINECTEDFHllI#ZDET




Becomes simpler and ubiquitous

« Gaming controllers can be used as a measuring device.
— EILENERTEI=Wii Balance Board
— EFFTA=Wii Remote
— 25&F7 L KINECT, Leap MotionZzE D& 58
o EDaA—ILDAFHENEEICELGHTLS
- MEELVY, Ov/At U YHNLGPSET
- Smartphone, SmartwatchzFfIB I NIXZ M2 T &EELGANEA AT EE




Example of using smartwatch as a sensing module

(CHI2020) WATouCH: Enabling Direct Input on Non-touchscreen Using Smartwatch's
Photoplethysmogram and IMU Sensor Fusion

Hui-Shyong Yeo;Wenxin Feng;Michael Xuelin Huang

Smartwatch

* https://www.youtube.com/watch?v=60xQ84jryUU

o« AY—rDAYFHEDIMUEEIEREE Y UD) E INILATFOA—=2(FEY)
EES-TARTLUABEELDMBENSYF T, IMUEZFFEETNTIKDZ., BIEmLD/N
B—2EINIVATF I A—EDF A THIET D,

-  FRRBDDisplay-Based Tracking®FERB(ZIELY, AX—h A Y FE=FELE T ER
meLTHRIA, o IS




Today’'s Summary

Measurement of Human perception is neccesary for
Interactive system design.

® [iX;EENFTA].“Measure brain activity.
® X - f5EF B Measure nerve activity.

o HEMIZEZRETHI.” Measure autonomic nerve
related phenomenon.

® ;EFH 1Al Measure motion.
o [EMIREEER ~Ask the user (psychophysics)

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




INT AR Mini Test Z[EIBIAE TIZIRH
https://forms.gle/NiDH9z323CBLnDZe9

LUTDETIZT100F LLNIZE THEE L Answer all questions
within 50 words

EEGIZDULVTERBAE &K Explain EEG

MEGIZ DUV TERBAE K Explain MEG

MRIZDULTERBAE & Explain MRI

PETIZ DUV TERBAE & Explain PET

. NIRSIZDULTERBAE & Explain NIRS

AR EMBMBEOENI DT R & Describe difference
between myelinated and unmyelinated nerves.
RBEABEOFHTELSEHERZ3DEI(T & Quote three
phte_n_st)mena related to SNS(Sympathetic nervous system)
activity.
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