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Schedule « 10/ 8 Lecture

* 10/15 Lecture

« 10/22 (Conference & Athletic Festival)
* 10/29 Lecture

* 11/ 5 Lecture

« 11/12 (Conference)

¢ 11/19 (Chofu-Sai)

» 11/26 (Conference)

e 12/ 3 Mini Test

¢ 12/10 Lecture

e 12/17 Lecture

« 12/24 (Conference)

« 1/ 7 Special Lecture
* 1/14 Lecture

e 1/21 Lecture

* 1/28 Mini Test

« 2/ 4 (Conference)

Outline

ARIETEIF %~ Measuring Human

RE ~Human Vision System
HWE+E 2T ~Visual Sensing

HE T+ AT A Visual Display
INTREMini Test

BEE . FEE 42271 —RX . Auditory Interface
filE . AE A2 27T —X Tactile Interface 767
HE. hEA22T7—R . Haptic Interface £

. BEIBRE AL HT—R Locomotion Interface %\‘
10. /MR K. Mini Test
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TODAY’s TOPIC

« 2D EMBE . Basics of Optics
+ JtZHF .~ Optical Elements
« 3RFTAA—T 2%~ 3D Image Sensing

Structure of a Camera

* Lens

* lIris

« Shutter
* Film
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L>X /Lens

* Convex Lens

§
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ML XDRE,~Convex Lens Principles

* Rulel:Ray that runs parallel to the lens axis

passes through focal point. .
:(%‘3_?93“1 2r
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— Lemma : Ray that passes focal point becomes parallel
to the lens axis. P N
V T o
* Rule2:Ray that passes lens center does not
change its direction. ﬁ, -
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%2{%.Real Image

* The rays really comes out from the image.
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Image <Object

/

E 1%~ Virtual Image

* The ray does not really come out from the image,
but virtually (=has the same effect as if) comes
out from the image.

Object distance < f :Virtual Image

ML > XDRE Concave Lens Principles

» Fixed Rule 1:Ray that runs parallel to the axis
refracts, and runs as if it comes from back focal
point.

& & h
What is Image?
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94 X/ Quiz

You are wandering
dark space.

Now, One directional,
parallel rays fill the
whole space.

What do you see?

tis IMAGE?

Image is a
virtual/real
light source
from which
rays come out

omnidirectionally.

M& 1 DEME TR H <G
Do you really understand refraction IMAGE?

reflection

M T

’_,

Figures in elementary school textbooks:

Only one line explains “shallow fish”.
®[s one line enough to explain the fish position?
®|s oblique incident angle necessary?

reflaction

D4 X/ Quiz

What we know: Due to refraction, objects in
water seem shallower.
Question: What about horizontal distance?
(A) A little far
(B)Alittle near
(C)Does not change

LA palll L

94X hibhh B & What the quiz shows is
“One line” does not explain everything.

Remember the definition of “IMAGE”,
and think about omnidirectional rays
by using 2 rays.

It gives the position of “IMAGE”

ob,
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s

Snell’s law:
® sinBb / sinBa = n (index of refraction)

NECRZADIEOICEIMHOILRDIBERL

Oblique incident angle is not necessary for “Shallow” perception.

Sz
A 4

Looking from overhead, it still looks shallower.
IMAGE redefinition:

®|deally... Any rays from a point can be regarded
as rays from different point.

®Practically...  Rays from a point to eye’s pupil can

be regarded as rays from different point. I Q
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Misunderstanding of refraction phenomenon.

reflection

reflaction
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“Single line” can explain refraction
phenomenon, but not IMAGE.

IMAGE should emit rays to any
directions, like real object .

ZLELIREHRIZERAL TSN ?

Do you really understand reflection IMAGE?

Single ray line can explain reflection phenomenon,
but can not explain reflection IMAGE.

R K
m\ﬂ - m

Which one is correct? —can not be judged by single line.

S5—IXI54)L.~Mirror is Miracle

By flat mirror, (almost) ANY rays from a point
can be regarded as rays from a different point,
which obeys the pure definition of IMAGE.
In this case, the image is “Virtual Image”

AN

FEIT—OIFH: O ATREMEE ?
Is Flat Mirror Really Miracle?
Is there any other surface shape,
that can convert “any rays from a point
into the “rays from a different point”.

”

AN

&M 4. Elliptic Mirror

®Generates Real Image
®Used in oven at space,
to melt metals and make alloys

M Hh & $&. Hyperbolic Mirror
*Generates Virtual Image.
*Flat mirror is the special case of Hyperbolic Mirror.
*Used for surveillance camera.

XY
s
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@ Ss .~ Parabolic Mirror ‘

«Converge parallel rays to a focus. ;
*Change rays from focus to parallel beam

f".
*Works like lens. /.‘\

»”

&
+
A

¢

Lo XMDI&1IZRE>T.~Go back to the lens image

We draw two representative rays,
But actually, there are infinite number of rays,
and seems as if the rays come out from the image.

Real Image

2f f

Virtual Image

HMDIZ ® AR~ HMD and Magnifying glass

AN

» Head Mounted Display

(BE review) & - A F &

Vergence-accomodation conflicts

* Accommodation & vergence
are slightly coupled.

« Stereo display problem:

— Accomodation=constant - S
- . S (7]
- Vergence = variable g g
. If\\ﬁ‘\\! P O =Severe Fatigue g Displa
2f f v‘ “\\‘ §
\~ \‘\‘ <
.
Purpose: change the distance from eyé to the image
%5 telescope $EME% .~ Microscope
N~
A— I e L
| © ~ ¥ lﬁA\. /
« Object is far away
« Real-image by objective lens (xt#IL > X)
+ Converted to Virtual-image by occular lens (#EL > X)
. IWERSE binocular glasses » Object is close to focus of objective lens.
ceectve ’Ii 4 sé"oa AUBSHTATEHIER
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WEREE ~ Depth of Field

WEREE .~ Depth of Field

+ BEROESERET—DOFEIT, thDERETIETRTRTS.

o B BBERRENZLLeft: Shallow o distamos beteon | S i e e obiot diet
s B T cwz S en distance between lens and film is fixed, object distance
° E.?&%ﬁpﬁ]ﬁ?ﬁ\,*l,\/l?lght. Deep is fixed. Other objects always blur.

« LAL, REBARBICHBITELGOLALOEE THN
IFHBETED>COHBTHEDCLEWTREELITA.

rRTTTRE Depth of Field=Acceptable distance

B FRRE .~ Depth of Field HWERRE O /NI HASOKERE

- WERREL, K LR AR . LRSS R L= 3 LN,
— Depth of field is related to aperture & focal length . WEREEEEHELN

« #&Y ./ Aperature (=L XD EBEHILEKES/lens size)
— Large aperature = Shallower Depth of Field

— Minimum Aperature = Pinhole Camera
s SRR NORIGETAIRY

« ISLSEEARNEL

- S HERE. Focal Length
- B\ (=LA [ZERW(BiREH: ARLVX)

AVBSYTAT MR

BERRE REDHRE

« Synthetic Refocusing
- —D—DDAATIRFNE, BERFEFFENL, G517
BETELT S,

C I, BB SR RRERRES RN
EE

' ProFUSION 25

‘/ o The World's First PCI Express Camera
BT 4T HiH R e — T — -
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[EHTE RS A IERE N oo
Refraction factor, curvature and focal length What happens if N=2 7
o KRELYADIBEDELE. For spherical lens * N=2, R1=R2=R, d=2R#{ A
2
I _onop Ly l] (N-Dd 1 1 1) (N-2%d 1 1) (2-1)%2R 1
f R R,) NRR, (N R R,) NRR “CNRTR)T R R
2 2
o PSR N:ASROBERE, RLR2:LUXOHEEE, ALV XDEH
c BUOLUXTREZBERFERTHENSL, R
RZ// m//
M/ t-n
TS , AN ,
- - BREORHIREIEAERSLEERT S
e e * Meaning focal point is just at the back side of the lens
L BSHT AT RS

BB R §# . Retro-reflector U BB R 5# .~ Retro-reflector
o BIFE20HASRE—XIE, KA KLHRAIZITS [ [

. B & <ol FIEAE TN, IERELTY
BRERSIFECS FERRERL. BRBTERST DA HEN
REDREERONDD)
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, ZOMAEZITATORTLT
TODAY's TOPIC FKALLNBRSERTF
Other optical elements for interactive system

« JLRIL X /Fresnel Lens

* /\—2JX5— /Half Mirror

+ {R¥tHR.~Polarization Plate

o TSAN—T4ILE

s REI4)L43.Low-pass/High-pass/Band-pass Filter
« ItI74 % Optical Fiber

« 2D EMBE . Basics of Optics
+ JtZHEF .~ Optical Elements
« 3RFTAA— 2% .~ 3D Image Sensing

AVBSYTAT MR
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ILARILLURX
/Fresnel Lens

« SEWLERRORD,
KEEDOL Y XHR
i, B=ICIERATRE

- BERZRIZSUE
e T AGASORROR,
lors where rays travel straight BOB<IS ﬂ- _é)

Portion 1o be remaved

s TILRILEZ5—EHD
— (FRMITHEE)
TLALLYXOXBR
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X AUBSHT AT EHER

N=TI5—(E—LRATvA) F
/Half Mirror, Beam Splitter {V i

s TURXLEAT
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{R3L4R .~ Polarization Plate M e
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TSAN—D4)L5E

« BRERML
« BERICIXRAXOEEASILE
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AVBSYTAT MR

BREI1L4E

/Low-pass/High-pass/Band-pass Filter
- RBURICEDRAKOBEHLLL
© ABROFBERITEL

o NARRTLNE(FAFIETAILE)
- HASLURIZHT R
FALTRTAMNTUZD BN BDER.

o A—=RRITLNR(FNBEBIAILE)
- FSEBEAICKDiRE

o INURIRRIALE

AVBST 4T il

774 7\~ Optical Fiber

s J74/XRa—7 /Fiber Scope
— IRBRTFHAYRADIE M5
FRCiER
« TLEHR .~ Ulexite
- RITFA\DER. BROIE
— Bundle of Optical Fiber. Natural
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TODAY’s TOPIC

.« 2D EBE . Basics of Optics
.+ Jt%%FF .~ Optical Elements
« 3RITAA—T 2%~ 3D Image Sensing

3RITA A—22% /3D Image Sensing

« 3D Display requires 3D data acquisition
- JL—%—i%.Optical Radar
— B4 LA T IS4 Time of Flight
— E7JL ik~ Moire Fringe Analysis
- BEZXTLH4%.~ Photometric Stereo
— IRk~ Light Section
- Lo X%k~ Shape from Focus
- I\ T RFLFiE Passive Stereo
— $RIATER E L~ Visual Cone Intersectic

JtL—4 —i%x ~Optical Radar

» Put laser beam to target.

+ Use reflection time and phase-lag
» Use rotating mirror for scanning

* (good) Most accurate

+ (bad) Most expensive, requires
time for scan

B4 LFT IS4+ Time of Flight (TOF)

« Similar to optical radar.
« Each CMOS image sensing element has timer

« =f
‘ e Light source I
object

Sensor ! Timer

ﬁ

E7JLi%k.Moire Fringe Analysis

* Project stripes

» See the projected image
through the other stripes
(do the same in PC)

» Depth is converted to density.

Projection

Observation

BEZEXTL 4% Photometric Stereo

« Prepare 3 or more light sources. gmﬁ Light

« Object’s gradient is calculated by ) ; i‘
Luminance change LN v

« Shape is calculated by
integrating gradient.

* Quite simple.

» Object surface’s charactristics
(reflectance) are necessary.

i i /
ﬁohj;ct
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St Y%~ Light-section method Light Section Method
+ So called “triangular survey”
» Project line image
» Capture from different position.
+ Disparity = distance
*+ (good)Accurate and simple,
+ (bad) requires time. "
» Not line, but coded-pattern is !
projected for fast acquisition.

2 slit light-source camera

Real-time Projection & 3D retrieval
(Song Zhang et al., Harvard, 2006)

Lo X %~ Shape from Focus

S b

« Shift the lens and move
focus distance

+ Use different focus levels to
obtain a sequence of object
images.

* Quite rough, when used for
scenary.(focal depth is large)

* Quite accurate, when used in
microscopy. (focus is severe)

Ny T RTLA %/ Passive Stereo Passive Stereo

« Two or more cameras
— Just like Human do >
— Use disparity. Triangular Method. N
— (bad) Disparity measurement requires huge calculus.

— (bad) Mis-calculation of the disparity occasionally.
— (good) Can be used outdoors.

. 1. AT ESTnaElalN

10
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RIFFER
» Simple method when image can be captured from
all-round.
» “trim” the box by using silhouettes.
+ (bad) Concave part cannot be reconstructed.

% Visual Cone Intersection

silhouette

viewpointl

Xbox Kinect

« {RSI/)LD%$3DVEPrime SenseZ B4R
— 3DV:Time of Flight
— Prime Sense: #1015 =>#EHEA

Prime Sense

AL(Z3DERIFDHEMN?
Re-consideration: Is 3D information necessary?

» Final goal is to display 2 images to the eyes.

» 3D shape reconstruction is actually, not
necessary.

* Images from arbitrary direction is sufficient.

WMRML): AASEAREYT L EALIZEINT
Practical Solution(1): Move the camera.
+ Synchronize the motion of the user and the robot
so that image from arbitrary direction is obtained.

+ (bad) Real-time control is necessary.

WMEMQ): WA (RR)E{SARETS
Practical Solution(2): Use Many cameras.
Method used in “MATRIX”

TODAY’s SUMMARY

» Basics of Optics
- Lens
— Real Image, Virtual Image
— Refraction Image, Reflection Image
— Mirror (flat, elliptic, hyperbolic, parabolic)
» 3D Image Sensing

— True 3D reconstruction
+ Optical Radar, Time of Flight, Moire Fringe
Analysis, Photometric Stereo, Light Section,
Shape from Focus, Passive Stereo, Visual Cone
Intersection

— Practical Approach for interactive system
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