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Self Introduction: Research field = Human Interface




Necessary Knowledge for the research
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Interface

. EFDYEE.Human perception
. EFHEIT(E2Y) .~ Today’s sensing technology
s BT (T4RATLA).~Today’s display technology

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




Outline of the lecture
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AMET:HIFE % .~ Measuring Human
f85_Human Vision System
RBEL 4 ~Visual Sensing
RET1 AT LA~ Visual Display
e, FEE 4427 —X 7 Auditory Interface

R, R 2T —XEME Tactile Interface Basics
e fnE 427 T—XIG A Tactile Interface Applications
hE . AEA42T71—X ~Haptic Interface

BERE A 2T7—X “Locomotion Interface
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INT A Mini Test

AEOBO—DONTEBIMBZ/LSI_EIGTDT, &[0
INT ARZEITWNVET,
A—I)LTCHEHZE, A—I)LF7FL X report@kaji-lab.jp

A—IVBARNIAES)TAT VAT LEOR (F5E
E&=) WHEXER
fEHOEIY  REIBHIRET

E-mall report based mini tests are done every time.
Send emaill to report@kaji-lab.|p

Email title: Interactive System-#N (student ID) Name
Deadline: Before the beginning of the next lecture



mailto:report@kaji-lab.jp
mailto:report@kaji-lab.jp

F¥ 3%/ Presentation
Your PowerPoint Presentation is required.

c REBOWMXET—DHH, TONETHEHRK.
O EMIESELTRELET)
Read a paper and do presentation.
(candidate papers will be announced)
- SDECHFERST, B4

« ExRIEE 8 T
The presentation is evaluated by all attendees
- 1. ERNBICHT HEREE
- 2. BRRABHUNT—RAURM) DA MHYXT S
- 3. BROSMHYPTS
- 4. BRI EHRITEZ
— 5. MAEMTHR




=% {fi/ Evaluation

o HE=HTEE0%)+/NTA5% X 8)+F T (20%)
o FELEREZTHCENEEHEDEIREN

« BERKUNDIGES (R—/\—EEXE[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/|a/indeXx.php?people/kaji/interactive

~REF2014FBAEMMTNVET  RRICEZATNEFT,
—Temporary, 2014 Japanese version. Will be replaced
progressively.

B pdfISEEIEID Y5 (YoutubeZE) SN EDHAEN
TWADT, WEHIYLER, ZEHISHEH TEBRAET .
EE01BEAETICZYyIO—FLEY . RELLERICS Y

v A—FL TSy

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



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

Today’s Topic:
ANEETAIF % Measuring Human
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Measurement of human action/reaction
*To be used as parts of the interactive system
*To evaluate the system




AMEET I %~ Measuring Human

Flve Iayers, from our |n|t|al will to our perceptlon.

® fix ‘EEJJnJr/,JJ/ Measure brain activity.
® 1% - H ;& Bat Ml “Measure nerve activity.

® 1$*$$"$n+mll/ Measure autonomic nerve related
phenomenon.

® EE) 518l Measure motion.
o\ IEYIEEER ~Ask the user (psychophysics)

I




History of Brain Function Observation(1)

* Theory of localization of brain function:

— 1909: 7 O—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: X2 J1—)LPenfield
Before Brain surgery for epilepsy, he
stimulated brain directly by electrical needle.
while the patients were awake.
Result: Many functional region were found,
iIncluding memory, sensory, and action.

— 1940: A7RF=—Lobotomy
Cut frontal lobe of the brain for mental
disease, especially for violent patients.
Result: Became calm, but also became like pres
“robot”=Frontal lobe seems to be related to™==
“emotion”

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




it gEEt Al 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 f¥;%.~EEG (brain wave), 1929~
. fXf%.MEG, 1972~
— Measure “Blood Flow”
« fMRI(functional MRI), 1973~
« PET, 1965~
« NIRS, 1994~

— Active method
« Use magnetic stimulator



EEG (Brain Wave)

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

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

« Bad points
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MEG

« MEG:Magnetoencephalography

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

 Very, very tiny magnetic field
(about 1/1078 of the earth’s
magnetic field)

e 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 % 5 LIS B {8 %)

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 minutes for a single shot.

Current standard for “brain imaging”




Exploding MRI

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

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.



PET(FRS bOVEREE)

« PET = Positoron Emission Tomography

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

Inject Radioactive ingredient as a
“tracer” (0O15)

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.

radioactive ingredient is necessary.
Lower resolution than MRI



NIRS(GE R4} 53 JEiR)

 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



Summary of Brain Functional Imaging

FiE | HEXNR ERFRE fr 1 AR R S
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




(RELEYD) S/ NILARHIZ LS EEEN AV ER R
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

B Eh



Brain Machine Interface (BMlI)

— 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.

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




Video 7k>4 M BMI




State of the art: R=-t D Zx %5

Presented image Reconstructed image

http://www.youtube.com/watch?v=daY7uQO0eftA

Subjpect S

‘ Run | 1 Run 2 : Run 3 Run 4 . 0000
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BEENI—U DL RTWARIEZBERELTEBERT . (RE #EMOREEE T/IMVEEIC
PEIL. FNFIhOMEEHDOIVFSAMEZIMRITEHAISh AEE/ NF—0 DS F 8, FD
FHAEZHAEHLEA_ETEHBEARDBREREZITI. cCOFEZAHANSEIZEKY., KES
INA—2 DEEIZHAWTWVEWEAZRE T IL I 7RI EABERTES

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/



http://www.cns.atr.jp/dni/research/visual-image-reconstruction/
http://www.youtube.com/watch?v=daY7uO0eftA

State of the art: 2% 4015
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Awake WL- ——\_:
Sleep Stage 1 .

« Verbal
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http://news.livedoor.com/article/detail/ 7566434/

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



http://www.sciencemag.org/content/early/2013/04/03/science.1234330.abstract
http://news.livedoor.com/article/detail/7566434/

AMEET I %~ Measuring Human

Flve Iayers, from our |n|t|al will to our perceptlon.

® X ;EEN 518~ Measure brain activity.
o #i$% - i EFNET Bl ~Measure nerve activity.

o B EmIZ R ET:H],~ Measure autonomic nerve related
phenomenon.

®; & &)51;8].~Measure motion.
o[BI EER ~Ask the user (psychophysics)

I




Nerve: Basics

Cell _Body Nerve AXon —

g
-
\_-(

I\/Iyélin- Sheath

L Nucleus

NerveEndi‘ng .

‘D_endrite




Nerve structure

Dendrite

N
— Cell Body - O :
p Nerve Axon  Nerve Ending

fatik 3e#2.~ Dendrite: Input Connector
#ARa{K.~ Cell Body: Calculator (Summation)
B3~ Axon: Output Cable

fHEZ#E K.~ Nerve Ending: Output Connector



W Synapse

F TR/ Synapse
\j

A

/

4 * Nerve Ending — Dendrite Connection
« 20nm “Synaptic cleft”
— First Discovery: Electron Microscope

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

« 2" nerve: =Chemical Input=Electrical Current=""=
* “One way” connection
* 0.1-0.2ms necessary




BEMSF TR - IS FT R
Excitatory Synapse, Inhibitory Synapse

@ Xo +,3:> Y Y=F(X-X5-X,)
— F(X)=1 when XZThreshold

=0 when X < Threshold

Cell Body: Take Summation 2

Excitatory Synapse: Plus(+) input

Inhibotory Synapse: Minus(-) input

Synaptic weight change = Learning and Memory



g _E DT Axonal Transmission

Dendrite Axon
Dendrite Terminal
N\ ' Mode of @ J= B
Rarvier 0
Il Bod > o -
’ . -
““.ﬂqé
: schwann cell
hlyelin sheath

( O Mucleus

++++++++++

« Chemical “ion” is
exchanged via membrane.
 |on exchange propagates.

« Voltage Difference ~70mV

o O O O




ERDFA T~ Axon types

++++++++++
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action potential resting potential resting potential
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( _______ S @ b i =
resting potertial restored action potential resting potential

« Axon length: Reaches to 1m.
- IT)LEE#H. ~Myelin Sheath: Insulator

- Electrical Current is limited to very small “gap” (T E L&
/Ranvier Node)=Very Fast “Skip”

- FEEMHER : Myelinated axon=very fast

A

- HFEMER Unmyelinated axon = very slow




=

B{=i%EE .~ Conduction Velocity

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

Aa 15 100 Many muscle nerves

AR 8 50 Many sensory nerves
B EEHRE
Myelinated Ay 5 20 Some muscle and

Sensory nerves

Ad 3 15 Fast pain
S RE 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.
« ex)Squid’s gigantic nerve (diameter: 0.5mm)




Al
E'I -
N—r

Conduction velocity and diabetic (#E

Merve fiber (axon)

Diabetic: Quite common disease by
taking too much sugar.

« |t damages Myelin Sheath so that nerve
conduction is inhibited.

Mormal Myelin Sheath

= R =

Damaged Myelin Sheath

Finally, one cannot sense anything
(blind, etc)

« |Inspection: measure conduction velocity




&

Information Coding by the Nerve GLJL - j -

* Repetition Ratio

B (e [ms]
— Strong Stimulus=High Frequency 1

— Single pulse means nothing. M’ T H ” ”_H _ﬂ;ﬁ'ﬂ
4 =70

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

B [E] [ms]

(ex) Owl's Sound-Source Detection Mechanism




e

Measurement of muscle fiber activity

' N 2 . A ’ -
: »

Muscle Nerve =Muscle Fiber Activity

‘Relatively easy with differential
amplifier circuit (Z2)IBIZOIER).

*Problem: Conductive Gel is required.




(ex) LD IENE
Augmentation of Laugh

®Take Initial laugh timing by measuring muscle activity.

®Enhance the laugh by using “empathy effect”
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http://www.trnres.com/ebook/uploads/travis/T 1279268201RS-Travis-4.pdf

Power Density Spectrum (V¥Hz)

600 =

500 —

400 —

300 —

200 —

100 —

.

(R NE YY) 87 E & AIMMG:mechanomyogram

MMG

0

5000

4000 -

3000 -

2000 -

1000 —

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Frequency (Hz)

EMG

]
R

0
0.0

100

200

300 400 500

Frequency (Hz)


http://www.trnres.com/ebook/uploads/travis/T_1279268201RS-Travis-4.pdf

AMEET I %~ Measuring Human

Flve Iayers, from our |n|t|al will to our perceptlon.

® fix ‘EEJJ £1i81.~Measure brain activity.

® % - {5 ;5 ENETiBI.“Measure nerve activity.

OF 'E;hﬁ%nm/ Measure autonomic nerve related
phenomenon.

® EE)51:8.~Measure motion.

o[\ IEMIREER ~Ask the user (psychophysics)

ITl

I




L /-

2 20 #% ~ Autonomic Nervous System

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

mamscmmg]|




Sympathetic nervous system
(SNS: xR B #¥)

* Nervous systems for “Fight and Flight”

(B &K FE)

« Eye Pupils (EEfL) —»Open
« Heart(/(»g) —Blood Pressure & Beat 1
« Skin(EE)
— Sweat Grand(;FiR)—Sweat(F:T)
— Hair Elector Muscle (3I £ f)— Contract(4X )

« Blood Vessel(l1 &) —Expand ¥k (—&B
i)

EI8

N
xE {:}’ (::3 PROYYS
k| {;} ROUYSTIR

B b 48 88




Parasympathetic nervous system
(PSNS: &Il 3 ReriE)

Nervous systems for “calming” (;L&%)

Eye Pupils (& ¥fL) —Close
Heart(:[>iigt) —Blood Pressure & Beat |

Blood Vessel(M &) —Contract Y& (—
ERHLER)




& E8h% 8| E .~ Measure Emotional State

Heartbeat & Blood Pressure (:(»H%%. ME)
 Pulse Wave (AK)

« GSR(galvanic skin response, REB S Ri)

« Eye movement (EEBKEE])

e EREE " DOGEREANE ( 2PRFR T AR )
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AMEET I %~ Measuring Human

EoDLITEIFETOIE @‘fxﬂﬁ’élﬁlléb\J’CS’Jd)Ekab
Five layers, from our initial will to our perception.

® X ;EEN 518~ Measure brain activity.
o i - i /5 BN & B~ Measure nerve activity.

® H 2R EH:8]~ Measure autonomic nerve related
phenomenon.

®;E & 518l ~Measure motion.
o[BI EER ~Ask the user (psychophysics)

I




178058l Measuring Motion

« Motion Capture System
— FZ .~ Optical
— #m =X~ Mechanical
— B .~ Magnetic
- ET#4=R_.Image Processing*

« —FK—%.Pros and Cons
— E#HKLIRE.~ Occulusion
— D—OAXR—X “Workspace
— EE DL Effect of Metal

*KINECTZFEDFMIXZDET




Simpler

« Gaming controllers can be used as a measuring device.
— EHILEIEETAI=>Wii Balance Board
— EE)FHBl=Wii Remote
— £ 5E#H7% L KINECT, Leap MotionZzE DEEE

« MELZLDIZBEERTEE

— MEELVY Orv/Ot Y




AMEET I %~ Measuring Human

Flve Iayers, from our |n|t|al will to our perceptlon.

® fix ‘EEJJnJr/,JJ/ Measure brain activity.
® 1% - H ;& Bat Ml “Measure nerve activity.

® 1$*$$"$n+mll/ Measure autonomic nerve related
phenomenon.

® EE) 518l Measure motion.
o\ IEYIEEER ~Ask the user (psychophysics)

I




Psychophysics

7 \%o,, K7
« Measure relationship between subjective S, &

. . . . o, ;
sensation and physical stimulation. w
=Measure Human’s sensing “ability”. 2N R

* Important value: “Discrimination threshold”
— Limitation of “difference of two stimuli” AP,
which is perceptible
ex)
« 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)
P 1 2 3 4 5 6

— Integral of both sides gives l | I l I I
S o< logP
slg 10g 100g 1kg 10kg 100kg
Conclusion: Our internal “scale” is logarithmic

A
* eXx:

— Audio’s rotary volume

Resistance

>

Rotation Angle



wWhy Log? = Why not Linear?

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

Linear

- -
o o o g 3
g o o o o 3

I'h
(|

lg 2g 3g 4g bg 6g 1g  10g 100g 1kg 10ke 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”.

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 Constant



@:FE

7%/ Method of Adjustment Easy,

£

@ 1%

EREDRET D roun

Ri% .~ Method of Limit

XERADVFET D

EX Method of Constant ~ "™¢goreumne.

HEBLSIT RIBZDER,>MERS




%2 5% .~ Method of Adjustment
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%2 5% .~ Method of Adjustment

T AE 133~ Standard Stimulus

)

Lb %5l 8~ Comparison Stimulus
————— e ———

1 B EDETIME L\ CREE EMRRF2 42U B35




PR %~ Method of Limit

Sa5—-1)v—EEfR
EMNMZEILESTY



PR %~ Method of Limit

1. & %I.~Descending Series

M
2RI B LL BRI 3
Standard Stimulus Comparison Stimulus

ARz R B BT /] |

@ CDEZDLLERRH D RE=_LEIE.~Upper Threshold




PR %~ Method of Limit

2. L5 &% Ascending Series

M
T K LEER IR
Standard Stimulus Comparison Stimulus

SR D EEs TRy /P

@ —DEED LR R D FKES=TEIE.~Lower Threshold



PR %~ Method of Limit

D

EEDETE EXEF:EX1. 0
Threshold Calculation

L+ EAfE:0.95

TEA{E:0.85

CORERMD,
¥ ERY Sl 51 (Point of Subjective Equality)((0.85+0/95)/2 = 0.90
-+ Rl 15 (Discrimination Threshold)(%(0.95-0.85)/2 = 0.05

DFY, COTXHDERIIZEST,
REMN09HATRASDI L,
REIDFHIGENNO0.05FBETHA_EM D oT-.




{853k~ Method of Constant

M
T K LEER IR
Standard Stimulus Comparison Stimulus

1. HEBRIBEEHBET S WHITIE7E)
2. —{E®LLLERKHHI-YDEEREHEHZIL20EET S
3. BEt7x20=140[1], [FF LIZJHLEL. s&8F —IRESES

HERH THERBDANEN] THERFHDOFHIE]

0.7 1 19
0.8 3 17
0.9 9 11
1.0 15 5
1.1 17 3
1.2 19 1
1.3 20 0



{853k~ Method of Constant
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F £ s= .~ Point of Subjective Equality



Today’'s Summary

Measurement of Human perception is neccesary for
interactive system design.

® fx;EENEtiAl~Measure brain activity.
o 7% - Fh;EENETE].Measure nerve activity.

® HEMIZRZRETH, Measure autonomic nerve
related phenomenon.

® E&5+;:81.~Measure motion.
o [\IEMIBEER ~Ask the user (psychophysics)

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




INT AR Mini Test REIFAIGE TIZA—IL

LT DETIZ100F LLNFIZE THEE L Answer all questions
within 50 words

EEGIZDULVTERBAE K Explain EEG

MEGIZ DUV TERBAE & Explain MEG

MRIZDULVTERBAE & Explain MRI

PETIZDWTERBAHE & Explain PET

NIRSIZ DUV TERBAE K Explain NIRS

AR EHABEOENIDUL TR & Describe difference
between myelinated and unmyelinated nerves.

 RBPEEOFTHTELSEZRE3DEIT & Quote three
phenomena related to SNS(Sympathetic nervous system)
activity.
8. DI/N—-TJxzEF—DERIZDULVTERBAHE & Explain Weber-
Fechner's law
9. SAZ;XIZDULVTERBAE & Explain the method of adjustment.
10. #B R ;&I DLV TERBAHE & Explain the method of limit.

11. B®EIZDULVTERBAHE K Explain the method of constant.

o0k owhE

\]



Handouts on the web(F18)

http://kaji-lab.jp/|a/indeXx.php?people/kaji/interactive

~REF2014FBAEMMTNVET  RRICEZATNEFT,
—Temporary, 2014 Japanese version. Will be replaced
progressively.

B pdfISEEIEID Y5 (YoutubeZE) SN EDHAEN
TWADT, WEHIYLER, ZEHISHEH TEBRAET .
EE01BEAETICZYyIO—FLEY . RELLERICS Y

v A—FL TSy

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



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

