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TODAY'’s TOPIC LoFFa5L > X Lenticular Lens
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TODAY’s TOPIC

« #%FF . Optical Elements
« REFDEMEBasics of Optics
« BRFTAA—T2% ~ 3D Image Sensing

L2 X DR~ Convex Lens Principles

« Rule1:Ray that runs parallel to the lens axis
passes through focal point.

— Lemma : Ray that passes focal point becomes parallel
to the lens axis.
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%£{8./Real Image

« The rays really comes out from the image.

@ f~2f.

Image >Object

' - O
oF ‘ 2f:

Image=Object

—— O
2 ¥ Image < Object

EE1& ~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.

Obiject distance < f Virtual Image

ML X DR, Concave Lens Principles

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

point.
= :_‘:ﬁ%: ”
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« Only virtual image can be formed.

B &I h
What is Image?

94X/ Quiz

You are wandering
dark space.

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

What do you see?

2018/10/13

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

omnidirectionally.

[ | DB (LR E TIXARLY
Do you really understand refraction IMAGE?

&, reflection

. Seems shallower!!

reflaction

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?

94X/ Quiz

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

JAXMbhhBIEWhat 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 “lIMAGE”

los,
6o
27 7
[ 3

Snell’'s law:
L sinBb / sinda = n (index of refraction)

IECRZBI=OIZRI#ON RS IBELZL

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

\\WV/ ~\ [/~

7
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. |

TEiTig BT B3R

Misunderstanding of refraction phenomenon.

63, reflection

Seems shallower!!

>

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

reflaction

IMAGE should emit rays to any
directions, like real object .
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Z3LZLIREHBIZEBBL TSN ?
Do you really understand reflection IMAGE?

D)

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

K, Ko K

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

25—(&25%)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”

AIP (Aerial Imaging Plate) http:/aerialimaging.tv/
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EXYH5EMAIT—DREHREMYELELOD.
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EEIS—OFH: O ATREMEIL ?
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”.

&M%~ Elliptic Mirror

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

W E 4%~ Hyperbolic Mirror
*Generates Virtual Image.
+Flat mirror is the special case of Hyperbolic
*Used for surveillance camera.

DN
WA

Mirror.
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TR E#E.~ Parabolic Mirror <
%,

«Converge parallel rays to a focus.

*Change rays from focus to parallel beam /..
*Works like lens. /‘*\\
4 4
I~ .
e

L2 XDME1IZR->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 N\f 2 @
2 t

Virtual Image

HMDIZ ®ERE%.HMD and Magnifying glass

Purpose: change the distance from eyé to the imagd

(BE review)igE - REIF &

Vergence-accomodation conflicts

+ Accommodation & vergence
are slightly coupled.

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

Vergence

Displa

Accommodation
«—

EiREEtelescope

+ Object is far away
« Real-image by objective lens (x#L > X)
« Converted to Virtual-image by occular lens ($BRL-> X)

« FER#Ebinocular glasses

© FRI0IS—%EESE, AERBEERBREEELRD
© IS—EEAEND, tan  THEAHMESH
o HREVERLZERENAKEN (REAEHSERIT/NEL)

+ LR (ZEEAER) SLoTHEMESMMISESHD
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TAMMEE.~ Microscope

« Object is close to focus of objective lens.

WE 5 EE . Depth of Field

WERFEE ~Depth of Field

When distance between lens and film is fixed, object distance
is fixed. Other objects always blur.

o LAL, R HARIHIBITERLLALOFEETHN

Depth of Field=Acceptable distance

« EROESERIE— DT, thDIERETIET TR B,

[FHBTEL=>COHBRHEDEEHERREET S,

WERFEE ~Depth of Field

WERRET, HKYEERIERICIKE
— Depth of field is related to aperture & focal length

— Large aperature = Shallower Depth of Field
— Minimum Aperature = Pinhole Camera
© BARADOREETIIRY

#£ BBk~ Focal Length
— EUN(=EM) [FE RV (BEHH): ARL > X)

#%Y .~ Aperature (=L > XDREMZKES/lens size)

WERREE O/ IrHASOKRE

o LYZXDINEN=E2R—)LITIEL.
c WERFREEZEZHEGL.

+ SSVSEEAERNGLN

(BB)EERRE-RROMRLE)
« Synthetic Refocusing
BRI RO THRRERSMLENERLD

AR E

Lens Sens:
lytro.com/renng-thesis.pdf

+ L TWBAREIARBED T FRHFTENIER
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B & Lytro(2012)

https://www_lytro.com/renng-thesis.pdf E n

8 Lytro(2012)

youtube.com/watch?v=7babcK2GH3I

B, dRCE AR

Refraction factor, curvature and focal length
+ FRELVADBEDEMRFor spherical lens

7_(N 1)( 1] (N=1d
S R R NRR,

. FIRNIEEE N:HSROBITE, R1IR2: LY XDEMELE, ALY XDEH
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What happens if N=2?
+ N=2, R1=R2=R, d=2RE{ A
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+ FEORMARAICEREHBIAELERERTD
« Meaning focal point is just at the back side of the lens
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IR 1% R §1#1 .~ Retro-reflector

TODAY’s TOPIC HRE % X TL 7% Photometric Stereo Stk Light-section method

Camera,

Li plll

« Prepare 3 or more light sources.
Object’s gradient is calculated by
Luminance change Y
Shape is calculated by
integrating gradient.

'E

« So called “triangular survey”

« Project line image

« Capture from different position.
« Disparity = distance

+ Quite simple. Obect * (good)Accurate and simple,

) 13
+ Object surface’s charactristics * (bad) requires time. ¥
] (reflectance) are necessary. « Not line, but coded-pattern is »

« R FRF . Optical Elements projected for fast acquisition.
- REDOERE Basics of Optics

« BRFTA A—T %~ 3D Image Sensing

foy

7 sitlight-source  camera

[ S T . R T . . . Real-time Projection & 3D retrieval
3RwA *—2 % /3D Image Sensing JtL—#& —i%.~Optical Radar Light Section Method (Song Zhang et Harvard, 2006)
+ Putlaser beam to target.
+ Use reflection time and phase-lag
- 3D Display requires 3D data acquisition « Use rotating mirror for scanning
- YL —4—ikOptical Radar + (good) Most accurate
_ 84 LA T T4/ Time of Flight + (bad) Most expensive, requires time for scan

— E7JLik Moire Fringe Analysis

- BEZXFLAE/ Photometric Stereo
— HYIHi%~ Light Section

— LY X 3%~ Shape from Focus

- IRyYTRTLF %/ Passive Stereo

— A £~ Visual Cone Intersectic| |

B4 LA T IS4+ Time of Flight (TOF) E7J L ik Moire Fringe Analysis

+ Similar to optical radar.
- Each CMOS image sensing element has timer « Project stripes
¢ 5 . .

‘ = 4-| « See the projected image
Light
—_—

through the other stripes
scur&@ (do the same in PC)

object Sensor _ Timer « Depth is converted to density.

b)fﬁ)ﬁiﬁ/Shape from Focus 189 T AT LA % Passive Stereo

Shift the lens and move
focus distance

Use different focus levels to
Observation obtain a sequence of object

images.
||I-IIIIIII||I||||I||||II|I|-III||II|||II|||I|||III|I-|III||||I||||I||||II|I|II

scenary.(focal depth is large)

Quite accurate, when used in

« Two or more cameras
— Just like Human do 3
— Use disparity. Triangular Method.
— (bad) Disparity measurement requires huge calculus.

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

1 12
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Passive Stereo

1RIAXTE &%~ 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.

™ silhouette

& viewpointt

BREHRAIERTENAS (1) Xbox Kinect

+ ARSI ORF3DVEPrime SenseZ B IR
— 3DV:Time of Flight =28 TRA
— Prime Sense: ##01%% =>#HKTHRA

scm i Prime Sense
e

Xbox Kinect(ver.1) DER &/ 58—

SAFHRILB{TEH A4S (2) LeapMotion, RealSense

Leapmotion: 27 LA |
2E0

DFNENATTRIL , BRI 5o
TIDEMTOF RO M EERHT .
RealSense:/\4—>70vzyiav B

ENSIBBITBHEINDRITENAS

Google Project
Tango: Time of Flight
HTC One M8: Stereo
Camera
g:ﬂﬁz‘zﬂt@ii?%ﬁl
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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

INF R Mini Test R[ERASAFETICIRE

mLheNncR2

BT O£ TIZ100F L ATZRE THE &~ Answer all questions within 50 words

B & Explain fresnel lens.
> & Explain half mirror
JEFARIZDULNTEB ¢ & Explain polarization plate
E{ISOVTHIIE & Explain real image.
HERISDLNTHBIE & Explain virtual image

PR

585t & Explain moire fringe analysis
W TH-EA & Explain photometric stereo method
1n.3% & Explain light section method.

12 DULVTHRBE & Explain shape from focus

13, /S9Y TRAFLAKIZDNTHBAE & Explain passive stereo method

14, RFAEAISOVTHBIE & Explain visual cone intersection method.

10. 8
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