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®Lecture in Japanese, handouts in English.

Self Introduction: Research field = Human Interface

Necessary Knowledge for the research
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Interface
« ErD#E.Human perception
« BEHE#i (2 H) . Today's sensing technology
o BEEMT(F14RTLA) Today's display technology

This Lecture aims to draw rough sketches of
“From Human perception to Optimal Display Design”

Qutline

AFEHRIF %~ Measuring Human

#8 & Human Vision System
HE 25 Visual Sensing

#HHE T+ RTL A Visual Display
IMTAREMini Test

BEE. BEA2 27—/ Auditory Interface
e, M2 271—X Tactile Interface
HE. hEALET—R ./ Haptic Interface

. BERE /471 —X . Locomotion Interface
10. /T AL /Mini Test
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INFRREERE / Mini Test & Evaluation

« BEOBMO—DOMNTERMBEFDIEILOT, HEE
D= DINFRANEFTVET,

o ELFNESL (—ARME

s SDECAHHLIAHTT

o EHME=HiE (50%) + /NFRE (25% x2)

» As one of the main purpose of the lecture is to have
basic knowledge, mini tests are necessary.

» All questions will be open 1 week before the test.
* No carry-on items (tentative)
+ Evaluation=Attendance (50%) + Mini Test (25% x2)




Communication

» Handouts on the web
— http://kaji-lab.jp/ja/index.php?people/kaji/interactive

— Temporary, 2009 Japanese version. Will be replaced
progressively.

 Office hour
— Anytime. Contact by e-mail first.

* Twitter
— ID: kajimoto
— Hash tag #itsys

Today’s Topic:
AMBEHBIF %~ Measuring Human

E

ErDEHA:
AVBSOTFAT VAT LOEHEESR
AVASYTATVRT LEFET B0 2247
Measurement of human action/reaction

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

AFEEHEIF %~ Measuring Human

EEHLTEETONE DRZIREA DA 1T DD
Five layers, from our initial will to our perception.

ofixi;EEN5iH|.~Measure brain activity.

o iR - 1 ;EBNEHHI.~Measure nerve activity.

o HEME %5~ Measure autonomic nerve related
phenomenon.

®: EE)5T:8].~Measure motion.

o\ IBEYIBRER ~Ask the user (psychophysics)

History of Brain Function Observation(1)

» Theory of localization of brain function:
— 1909: 70—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 T1— )Lk Penfield
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. e
Result: Became calm, but also became like %
“robot”=>Frontal lobe seems to be related to*
“emotion”

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

It B 5381~ 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”
« [5;%~EEG (brain wave), 1929~
- ik MEG, 1972~
— Measure “Blood Flow”
« fMRI(functional MRI), 1973~
+ PET, 1965~
+ NIRS, 1994~
— Active method
* Use magnetic stimulator
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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

IEREESPREE

MEG

*  MEG:Magnetoencephalography

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

< Very, very tiny magnetic field
(about 1/10"8 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

— Currentsources=3D
mathematically very difficult to solve
(almost impossible;

MRI

« MRI:Magnetic Resonance Imaging

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

— By measuring this waves, can obtain 3D
sfructures.
+ 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”

fMRI =functional MRI(#%&2#IMR|

* 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

« 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 ingredientis necessary.

— Lower resolution than MRI

NIRS

* 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
— Noinvasive. Easy to use.
» Bad points
— Low spatial resolution
— Afew seconds are necessary




Summary of Brain Functional Imaging

Fik | BRNE | EEREE BRI
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
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Active Measurement by Stimulation

Recall Penfield’s method.

. . —_—— TN
* Magnetic Pulse from outside L

— Small “eddy current” is induced —
inside the brain. 0 |

— The current stimulates nerves ; o ;- "

— Region can be localized to = -
about 1cm”3 L X‘

e [

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.

Video 724 MBMI

EEHLTEETONE DREIREAHH I TS DD
Five layers, from our initial will to our perception.

ofix;EENETHI.~Measure brain activity.

o iR - 5 ;EBN 5Bl Measure nerve activity.

o B MEZ 518~ Measure autonomic nerve related
phenomenon.

@ EE)5H:8].~Measure motion.

o\ IBYIBER ~Ask the user (psychophysics)

Nerve: Basics

Cell Body Nerve -Axon

’W‘

Myelin Sheath

Nucleus  Nerve Ending

Dendrite




Nerve structure

Dendrite

Cell Body ©
Nerve Axon  Nerve Ending

« f3t4k 224~ Dendrite: Input Connector
 #ERa{K.~ Cell Body: Calculator (Summation)
* #h3%.~Axon: Output Cable

.+ fH#R#23K .~ Nerve Ending: Output Connector

§ Synapse

4+ Nerve Ending — Dendrite Connection
» 20nm “Synaptic cleft”
— First Discovery: Electron Microscope
1stperve: Electrical Pulse =Chemical Output
— Capsules break, and neurotransimitter showers.
+ 2" nerve: =Chemical Input=Electrical Current—"
“One way” connection
* 0.1-0.2ms necessary

BENF TR -MHHEFTR
Excitatory Synapse, Inhibitory Synapse

Y YER(Xi-Xp-Xs)

F(X)=1 when XZThreshold
=0 when X < Threshold

» Cell Body: Take Summation

» Excitatory Synapse: Plus(+) input

* Inhibotory Synapse: Minus(-) input

» Synaptic weight change = Learning and Memory

= _F DOEREHE. Axonal Transmission

Dendrite Axon

Dendrite Terminal

Node of
Ranvier

o
Nerve Ending

Myelin sheath

O Nucléus

. O . chemical “ion” is
. exchanged via membrane.

(G O . lon exchange propagates.
N + Voltage Difference ~70mV

(— 0

( 0

#hFE D2 4( T~ Axon types
( ....... b O P
T —
(—mmm——

+ Axon length: Reaches to 1m.
+ SI)UBE¥S.Myelin Sheath: Insulator

« Electrical Current is limited to very small “gap” (3 E T
Ranvier Node)=Very Fast “Skip”

« A¥EHEE: Myelinated axon=very fast
. $EBEMHR: Unmyelinated axon = very slow

{E 5 {mifk&E ~ Conduction Velocity

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

Aa 15 100 Many muscle nerves

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

sensory nerves

Ad 3 15 Fast pain
fdeik b s 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 %)

Nerve fiber (axon)

A
Myelin
sheath

.

« 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.

B3 [ms]

1L

5 [ms]

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

(ex) Owl's Sound-Source Detection Mechanism

f
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Measurement of muscle fiber activity

- -
"
f /

*Muscle Nerve =Muscle Fiber Activity
*Relatively easy with differential
amplifier circuit (ZENEIZDEE).
*Problem: Conductive Gel is required.
B[ A5 (Muscle Sound), Y¢EHEIZ

(ex) EL \DIEE
Augmentation of Laugh

®Take initial laugh timing by measuring muscle activity.

®Enhance the laugh by using “empathy effect”

AFEEHEIF %~ Measuring Human

EEHLTEETONE DREIREAHH I TS DD
Five layers, from our initial will to our perception.

ofix;EENETHI.~Measure brain activity.

o iR - 5 ;EBN 5Bl Measure nerve activity.

o B MEZ 518~ Measure autonomic nerve related
phenomenon.

@ EE)5H:8].~Measure motion.

o\ IBYIBER ~Ask the user (psychophysics)

B {2442~ Autonomic Nervous System

Nervous system that acts as a body control system.
Composed of Sympathetic nervous system(SNS: 3 B f##%)
and Parasympathetic nervous system(PSNS: Bl 32 R ##%).
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Sympathetic nervous system
(SNS: 3 R #F)

» Nervous systems for “Fight and Flight”
(RS LR E)

 Eye Pupils (B&¥.) —»Open
 Heart('l>f#) —Blood Pressure & Beat 1
« SKin(FEfE)
— Sweat Grand(5FiR)—Sweat(F:F)
— Hair Elector Muscle (3 % ##)—Contract(IR &)
+ Blood Vessel(fi%) —Expand i3k (— &
In i)
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Parasympathetic nervous system
(PSNS:EI R & #4E)

« Nervous systems for “calming” (;#%)

+ Eye Pupils (B ¥L)—Close
 Heart('lMig) —Blood Pressure & Beat |

+ Blood Vessel(If1 &) —Contract 4% (—
ERHLIR)

1097
e

/snn )
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1&&% 8| E .~ Measure Emotional State

+ Heartbeat & Blood Pressure (IL>#A%k. IE)
+ Pulse Wave (H:%)
+ GSR(galvanic skin response, REERKIE)

AT IR (AR

BP=a—AtL 4k
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EEHLTEETONE DREIREAHH I TS DD
Five layers, from our initial will to our perception.

ofix;EENETHI.~Measure brain activity.

o iR - 5 ;EBN 5Bl Measure nerve activity.

o B MEZ 518~ Measure autonomic nerve related
phenomenon.

@ EE)5H:8].~Measure motion.

o\ IBYIBER ~Ask the user (psychophysics)

1TE1EA].~Measuring Motion

» Motion Capture System
- %R ~Optical
- ##W=X~ Mechanical
- B %~ Magnetic
- E54=_Image Processing

+ —RK—J%.~Pros and Cons
— ERKRIRE. Occulusion
- J—9AR—X Workspace
- £EB 0§ L&/ Effect of Metal




Simpler

» Gaming controllers can be used as a measuring device.
— ELENEEHAI=Wii Balance Board
- EB)EHHI=>Wii Remote

- BELLOTBERRE

- MEEEY. Dr Ot

Special Case: How to measure EY€ movement

x 2T

« 7F0O%BI%E.~Analog measurement
- avA9kL X/ Contact Lens
- BRIEE iz~ Electrooculography

— MR 4t Limbus Tracking Method

. E{&4LEE ~Computer Vision
— I\ T T HT14T 1A%/ PassiverActive Methods

a4kl X/ Contact Lens

« H4EYS7(Kymograph)

5 1 Z7

- NYI—i3v

— FTFARI LNk I ST
AVAIRLY RTINS S— %JQ ’ )
- $—FafE @;{ ) s
VALY RIZaA LEEA W\ A
'

AREEA
Electrooculography, EOG

» Horny coat(fE) has ~1mV positive
voltage to Retina(#8[&)

* Electrodes(E %) around eyes.
=Measured voltage is proportional to
eye rotation.

* Has wide range (velocity, frequency)@

» Accuracy not so good (1 deg~)

JfE /R 51 Limbus Tracking Method

« Emit IR light to the eye, measure reflected light.
REELBEOERICHRIRES, RETHEEHA

» Received light: White part > Black part.

» Good for horizontal eye motion.

KEAGABLS
L

lens shape controll system eye direction sensor

TR TRER A

Computer Vision

« Capture eye image.

« By image processing
(pattern matching), eye
center is calculated.

» Reflesh rate = video rate.




A% )z 5t Reflection at Horny Coat

c RARDOABBSEFCEHENDS
AEREE (TILF=TE) D
ARBREENZ 513

« ETFAASTRE>EGLE
« BEARLEOERREERED

FEBRZOF A Red-eye Effect

« BOLUXIZL2BRERSITHRIEOE
(ME) NRETHIER. KRISERSTD

- RiRE2EFE(R@MLAEMN AETIIE
ENERELTEFALITRETEE

AT F OFALED
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AFEEHEIF %~ Measuring Human

EEHLTEETONE DRZIREA DA 1T DD
Five layers, from our initial will to our perception.

ofix;E BN 58, Measure brain activity.
o iR - 1 ;EBNEHHI.~Measure nerve activity.
o HEME %5~ Measure autonomic nerve related
phenomenon.
®: EE)5T:8].~Measure motion.
o\ IBEYIBRER ~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
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)
— Integral of both sides gives P |1 2| ? # f‘ |6

S o logP 1 1 1 : I I
slg 10g 100g 1kg 10kg 100kg

« Conclusion: Our internal “scale” is logarithmic

. ex:
— Audio’s rotary volume

Resistance

Rotation Angle

Why Log? = Why not Linear?

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

S

Linear

]
]

:

T T |
L

g

L | T
le 22 3 4 Te 108 1008 Tke 10ke 100ke

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”.

di & i

Discrimination Threshold (DT) Point of Subjective Equality (PSE)
=Whatis the necessary difference = What s 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

Easy,
Rough

5f %% .~ Method of Adjustment
18R %~ Method of Limit
{8& %~ Method of Constant

Time Consuming,
Precise

£f%&5% .~ Method of Adjustment

W7D+ — LB  fEAITKTE

ER%i% .~ Method of Adjustment

Z #7133~ Standard Stimulus

fddddd

Ee#HIi .~ Comparison Stimulus

®

RS RIRIDETIME L CRER M EM AR E Bl

1BRR %~ Method of Limit

35—V —41R
BEMNCRILRETY

1BRR %~ Method of Limit

1. T#%%|.Descending Series

>
BRI ELEBERIAR

Standard Stimulus Comparison Stimulus

A SRR B AP /N |

@ COLEEDLERIH D KRE=_LRAEUpper Threshold

10



#BRi%.~ Method of Limit

2. LR %%/ Ascending Series

—>
BRI FEE I
Standard Stimulus Comparison Stimulus

BRI O By - Ty 1/ |

@ CDEED BRI D KE="TRE.~Lower Threshold

BB %~ Method of Limit

<>
REDETE ZERBE-RX1.0
Threshold Calculation
LRE{E:0.95
TEAE:0.85

CDFERMD,
< B 55 (Point of Subjective Equality)(0.85+0/95)/2 = 0.90
3t A3 (Discrimination Threshold)[$(0.95-0.85)/2 = 0.05

DFY, COMKEDOERIZ&ST,
REN0.9IHEATRZADILE,
REDABIEENN0.05BETHIHZ LM o=

[&#&:%.~ Method of Constant

<>
BREERIEK FERRIER
Standard Stimulus Comparison Stimulus

1. LERHEERAE TS BITEE)
2. —EOLBRIEHT-YDREREKEH Z(L20E LTS
3. AFt7x20=140[E, IS4 LIZILLEL, #H ZRESED

RN THEERMOITHNEN THRRIBROFAELN

0.7 1 19
0.8 3 17
0.9 9 11
1.0 15 5
11 17 3
1.2 19 1
13 20 0

[@#:%.~ Method of Constant

75% correct

-~ threshold

b=l <~

&

A

gt /9"”Q

o

Co.75 0. \\

[

T

T RIMERS R

s 05 ST . .
= umulative Density Function
g

<

\

#

@ 9

= 0.8 10 12

HBRI#.~ Comyarison Stimulus
F % R~ Point of Subjective Equality

Today’s Summary

Measurement of Human perception is neccesary for
interactive system design.

® fXi;EENETAl~Measure brain activity.
® % - 5 E BRI Measure nerve activity.

o HiEiZHREHHE.~ Measure autonomic nerve
related phenomenon.

® EE):tiHl.~Measure motion.
o [LEEMIREER ~Ask the user (psychophysics)

They can be used both as a evaluation tool, and
input method
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