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Outline of the lecture

AREIEHEIF %~ Measuring Human

RE ~Human Vision System
HEE2 2 Visual Sensing

8E T+ AT A~ Visual Display

BEE. B2 471—X./Auditory Interface
e, ¥ 2271 —X Tactile Interface
HE. HE A2 T1—R . Haptic Interface
BEBE (%71 —X.~Locomotion Interface
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TODAY’s TOPIC

o SEFDOEHMEBasics of Optics
« JEFEFEF Optical Elements
« BRFTAA—2 2%~ 3D Image Sensing

Structure of a Camera

* Lens

* lIris

» Shutter
* Film

Lo X/ Lens
» Convex Lens

R
VS

» Concave Lens
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ML XDRE ~Convex Lens Principles

* Rule1:Ray that runs parallel to the lens axis

passes through focal point.
T 2f

— Lemma : Ray that passes focal point becomes parallel
to the lens axis. »
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* Rule2:Ray that passes lens center does not
change its direction. -
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E{%.Real Image

* The rays really comes out from the image.

f~2f:
Image > Object
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2 f N

Image < Object

2f:
Image =0bject

=18 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.
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» Only virtual image can be formed.
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What is Image?



http://www.youtube.com/watch?v=1rzT1uDltRE
http://www.youtube.com/watch?v=amwjPDOw9uc
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24X/ 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.

& | DEME (T E TG
Do you really understand refraction IMAGE?

®

reflection

Ta Seems shallower!!
-

S
-~ .- o

o
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)Alittle far
(B)A little near
(C)Does not change

LA palll L

94 XhbhhBZEWhat 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”

16,
84l
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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 ﬁ
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MEHTR BT H3RA

Misunderstanding of refraction phenomenon.

reflection

reflaction

“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.

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

=5—I[E=3%)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”.
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&M%~ 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.

LR
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W E §&. Parabolic Mirror Lo XDI& 1IZR>T.~Go back to the lens image

We draw two representative rays,

K But actually, there are infinite number of rays,
Converge parallel rays to a focus. e A and seems as if the rays come out from the image.
*Change rays from focus to parallel beam &, N\ N
*Works like lens. /‘4\-_ Reallmage ; HE— O
h 2f f
\
§Z Virtual Image
17 1/
w
. BE “review)igEz - 5f
HMDI& - BR#E.HMD and Magnifying glass (&= JiRER - BRET B

Vergence-accomodation conflicts

» Accommodation & vergence
are slightly coupled.

« Stereo display problem:
— Accomodation=constant
— Vergence = variable
=Severe Fatigue

Vergence

Displa

Accommodation

Purpose: change the distance from eyé to the imagg

%5 telescope $EM 8%~ Microscope

4 T Vi

* Object is far away
+ Real-image by objective lens (xt#IL > X)
+ Converted to Virtual-image by occular lens (3RL > X)

WER 4 binocular glasses » Object is close to focus of objective lens.
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WEREE .~ Depth of Field WEREE ~ Depth of Field
[’ ii_i""f—f-,_,_i_iﬁ\_:f f‘Ilm 2
V =

5 \\\\‘ \

. E*&Eﬁ%‘ﬁgb{;’%l,\/l_eﬁ Sha"OW * ﬁ)ﬁ@ﬁ5ﬁﬁ%ﬁ|i—’)ﬁ”o 1&0)&E%ﬁ—6'ij—&—c7ﬁ‘b—%’
= & e s X . When distance between lens and film is fixed, object distance
© B WHERREHNRELRight: Deep is fixed. Other objects always blur.

o LHL, RTAARBICHIBITEZLLANILOEETHN
B TEE>CDHBHEDILEWERFELES.
Depth of Field=Acceptable distance

5 FIEE.~ Depth of Field WERFEE 22/ I NASOKEE
- WERREE, 8 LR AR . LR ANEN = E R LIS
— Depth of field is related to aperture & focal length . BEREEEECHEL

.« #Y . Aperature (=L > X DERE ML KES/lens size)
— Large aperature = Shallower Depth of Field
— Minimum Aperature = Pinhole Camera
c BRBNDRIGEZTAIRY

« LS FEEMNERNGN

- BW(=EA) FERN (BIREH): ARL 2 X)

(BEB)BRERFE -ERADIMENE (BE)BERRE-ERDIENE | EXH
+ Synthetic Refocusing EHOEUR—IL(BHR=HASDERLH) + LUEEHEE
. BBk TEEFRESUBNELD HERTI AMLEOIEEHETLE,
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| ERIZIZZSHDOLUXEANS,
Imaginary film | LU XHBEEE (EROHAS
Sensdr ! TRAVE. S<0/\UT—Yay o

https://www.lytro.com/renng-thesis.pdf



https://www.lytro.com/renng-thesis.pdf
https://www.lytro.com/renng-thesis.pdf
https://www.lytro.com/renng-thesis.pdf
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& Lytro(2012)

& Lytro(2012)
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https://www.lytro.com/renng-thesis.pdf

http://www.youtube.com/watch?v=7babcK2GH3I

B, ghER LR mERRE
Refraction factor, curvature and focal length
o BRELVADIHE DR For spherical lens

1:(N_1)(1+1J_(N—1)2d
f R R, NRR,

FERERE, N:HSROERE, R1,R2: LY XDOHEERE, ALV XDEH
o BUOLUXTREZBFERTIIEN S,

—— ~=..t.\.‘_ T —
- -

" ProFUSION 25

The World's First PCI Express Camera
e ————

What happens if N=2 ?
+ N=2, R1=R2=R, d=2R%&{t A

g:(N,D[;LJ,(N—DZd :(2,1)[1 . lj,m: !
S R R

HIRME R 5t # .~ Retro-reflector
o BIFR20DHSAE—XIZL, HFEE-FRIZKD
- BERAXRECOIMER | REFIEAETIELL. ERRFTLTH

BIRERHFIFTELS (FEBRREFL. BRBERSGTDOH AR
2R? R REtRER/ONDAY)

NRR, R R

Rt/

/

- BEORMIRAEREBESEEERT D
* Meaning focal point is just at the back side of the lens



https://www.lytro.com/renng-thesis.pdf
https://www.lytro.com/renng-thesis.pdf
https://www.lytro.com/renng-thesis.pdf
http://www.youtube.com/watch?v=7babcK2GH3I
http://www.viewplus.co.jp/product/camera/profusion25.html

BIRM R 5 # .~ Retro-reflector
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TODAY’s TOPIC

« FZEDEMBE. Basics of Optics
+ =% F .~ Optical Elements
« BRFTAA—2% ~ 3D Image Sensing

ZOMAESITATORATLT
FCAVWLNDHERF
Other optical elements for interactive system

« JLRJILX “Fresnel Lens

+ LUFFa5L X Lenticular Lens

e /\—2J325— Half Mirror

« {m LRk~ Polarization Plate

o TSAIN—D4)L73

« EET1IL32.Low-pass/High-pass/Band-pass Filter
« $tT74 /3. Optical Fiber

VRS T 4T il

ILHRILLUX

/Fresnel Lens
s BOERKDO,
KEBOLYAHNER
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Figure of rays passing Frough  cepe

a Frasnal convengent lens.

S5 RBEM+RE
Lo X REDER (RER)

OHPY—F

ILHILUX:
SEATRIEV LRSS DER
(Y *A—4%)

SR

LoFxa5L X Lenticular Lens
s MFEIXZELOXDEN
s ALY XTLA D1 RITHR

http://www.youtube.com/watch?v=K2j0iPmJXXc



http://www.youtube.com/watch?v=K2j0iPmJXXc
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sS_pms (BEILUOFXaSLUREFRAW-HTEE
S 3 =N L .
(% J7TRTzILavTY Walk Navibation by Lenticular Lens

http://joshinweb.jp/av/

I projectd.html?CKV=0
511048ACK=REP
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http://joshinweb.jp/av/project4.html?CKV=051104&ACK=REP
http://joshinweb.jp/av/project4.html?CKV=051104&ACK=REP
http://joshinweb.jp/av/project4.html?CKV=051104&ACK=REP
http://techon.nikkeibp.co.jp/article/WORD/20060306/114225/
http://techon.nikkeibp.co.jp/article/WORD/20060306/114225/
http://techon.nikkeibp.co.jp/article/WORD/20060306/114225/
http://techon.nikkeibp.co.jp/article/WORD/20060306/114225/
http://www.youtube.com/watch?v=VSBRG1_5s2E
http://www.youtube.com/watch?v=YH7S0lQ94nc&feature=related
http://www.youtube.com/watch?v=YjAtjrC5FXs&feature=related
http://www.youtube.com/watch?v=jNv7YnnlLTI
http://web.dent.osaka-u.ac.jp/gendaigp/Top_files/GP_3rd_Symposium.pdf
http://web.dent.osaka-u.ac.jp/gendaigp/Top_files/GP_3rd_Symposium.pdf
http://web.dent.osaka-u.ac.jp/gendaigp/Top_files/GP_3rd_Symposium.pdf
http://www.youtube.com/watch?v=c4u404dZgGk
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{R3t#x.~ Polarization Plate SE RGBT
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REEDIDERBAFORUNIR, KDEHT (LITIAESNE,

“Polarization of Light” 4 http://www.tdk.co.jp/techmag/knowledge/200702/index.htm
UCLA Department of Physics and Ast

http://www.youtube.com/watch?v=Sdv0J57_U5g

KEI1ILE

/Low-pass/High-pass/Band-pass Filter
RIS LB RA K DB EHLLL
- RBROBEEEIL o

TSAIN—T4)LA

« REAROBNIMIZLVIRE R
« BERORAXLAFHLZE

5
o NAISRIALB(FIHIET1LE)
- NASLURIZHT IR, D
FAKTHRTANSLRB N EDEHT. /

A—/XR (AL 18R) T4ILE (FINBBILILE, IRTLILE)
- FOEBEAICKDIRE
— KEKFICLDIMBDNDULY  RRAVUTITHD

o NURNRRILLE

http://www.youtube.com/watch?v=_UAiVJRrQZ0

(B&)IRIZ«IILADFIH

- KEKFILDILBNDERY . BRHVUTIC
- MEEVITICEE

(BF)FIMRERAVE(BERR) BT ARV

R

http://www.youtube.com/watch?v=S2eexdjlHSU

http://www.youtube.com/watch?v=17qgg6XPDVO8&NR=1
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http://www.youtube.com/watch?v=yteBaO4Lewc
http://www.youtube.com/watch?v=E9qpbt0v5Hw&feature=related
http://www.youtube.com/watch?v=E9qpbt0v5Hw&feature=related
http://www.youtube.com/watch?v=Sdv0J57_U5g
http://www.tdk.co.jp/techmag/knowledge/200702/index.htm
http://www.youtube.com/watch?v=_UAiVJRrQZ0
http://www.youtube.com/watch?v=S2eexdjIHSU&feature=results_video&playnext=1&list=PL6484FA8D25E48ECF
http://www.youtube.com/watch?v=l7qq6XPDVO8&NR=1
http://www.youtube.com/watch?v=XTTe8_HXdLM
http://iad.projects.zhdk.ch/multitouch/
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ST 7411/ Optical Fiber

s I74/NR2—7 /Fiber Scope

- BEHFRFHAVRADLEEHL ST CER
« TLER . Ulexite

- XI7M DR, BROILA
— Bg_ndlg of Optlcal Flber Natural

TODAY’s TOPIC

« FZEDEMBE. Basics of Optics
+ %% F .~ Optical Elements
« 3RFTA*A*—T 2%~ 3D Image Sensing

3RITA A—22% ~3D Image Sensing

» 3D Display requires 3D data acquisition
— JtL—4—i%x .~ Optical Radar
- B4 LA T IS4+~ Time of Flight
— E7JLi% Moire Fringe Analysis
— BEZEXTL7% Photometric Stereo
— JtYIriL .~ Light Section
— LY X# A%~ Shape from Focus
- I\WLTRTFULFi%/ Passive Stereo
— fR{IKFERX &%~ 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

84 LA T 754 ./ Time of Flight (TOF)

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

=

-~ E Light 4-I
souri ®

Sensor Timer

object

* Project stripes

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

» Depth is converted to density.

E7 L% ~Moire Fringe Analysis I“m

Observation

Projection

11


http://www.youtube.com/watch?v=qv_grAtkNR0
http://www.geocities.co.jp/Technopolis/2931/tvs.html
http://www.youtube.com/watch?v=xmaoKXuMXRw
http://www.youtube.com/watch?v=1YBoFdL-CLc
http://www.youtube.com/watch?v=1YBoFdL-CLc
http://www.youtube.com/watch?v=1YBoFdL-CLc
http://www.youtube.com/watch?v=Yvvzw-GGP6g
http://www.youtube.com/watch?v=Yvvzw-GGP6g
http://www.youtube.com/watch?v=Yvvzw-GGP6g
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BEZEXTL A%~ Photometric Stereo

) Camera, Light
* Prepare 3 or more light sources. | %

» Object’s gradient is calculated by i‘
Luminance change R '

» Shape is calculated by Y
integrating gradient. R
. f Object
* Quite simple.

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

St Y#i% ~ 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.

vHE

-
Al L anHs
object

&

2 slit light-source camera

Light Section Method

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

L X %~ Shape from Focus

o, o

+ 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)

INYS T RTLA %/ Passive Stereo

* Two or more cameras
— Just like Human do
— Use disparity. Triangular Method.
— (bad) Disparity measurement requires huge calculus.
— (bad) Mis-calculation of the disparity occasionally.
— (good) Can be used outdoors.

12
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Passive Stereo 18{KFE3LE %~ Visual Cone Intersection

» Simple method when image can be captured from
all-round.

* “trim” the box by using silhouettes.

+ (bad) Concave part cannot be reconstructed.
|

-5
B . 1 - AT BTSN g‘\x;ﬁ

¢ viewpoint1

XbOX KlneCt XbOX K|neCt0)E§§Tj‘/ {9—\/

s ARSI ILDE13DVEPrime SenseZ B IR
— 3DV:Time of Flight
— Prime Sense: ##k01% 5 =>#ERHERA

R 7 e

-2
;".-.'.:..Z.TS‘ Prime Sense
ALIZ3DERITHEMN? BERBE1):HASBREVT LI LIZEDT
Re-consideration: Is 3D information necessary? 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.

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

+ 3D shape reconstruction is actually, not
necessary.

» Images from arbitrary direction is sufficient.

13


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

2013/4/19

WERQ2) WA BER)EKEARETS
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

INFREMini Test REIGIIAET

LIT O£ TIZ100F LINFEE THRZ B &~ Answer all questions within 50 words

37 & Explain real image.

At & Explain virtual image

HEMEHIC DL TEBAE & Explain elliptic mirror

IRHAE 2D LV TEBAE & Explain hyperbolic mirror

T E§EIZDULNTERBAE & Explain parabolic mirror

. WERFEELRKYDBEFEZERA & Explain relationship between depth of field and aperature size
. BRMERSIMIZ DOV TEHBAE & Explain retroreflector.

. TLRILLURIZDWTEBAE & Explain fresnel lens.

9. N—T3F5—I2DTEHBAE & Explain half mirror

10. fEAARIZDULNTELBA & Explain polarization plate

11. L —HF —RIZ DLV TEEBAE &KExplain optical radar method

12. B4 LA T IS4 MZDLTEBAE &KExplain time of flight method

13. ETLEIZDULVTEBAE & Explain moire fringe analysis

14. BEZXTLAXIZDULVTEBIE & Explain photometric stereo method
15. FYIEEIZ DL TERBAE & Explain light section method.

16. LY X AEIZDULVTEHBAE & Explain shape from focus

17. 189 T RFUARIZDUVTERBAE & Explain passive stereo method

18. BRAFEIR ZXIZDUVTEBAE & Explain visual cone intersection method.

O NODO AN
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