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Outline of the lecture
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AREEHRIFE %~ Measuring Human
f8E_Human Vision System
fREt> % ~Visual Sensing

RE T+ RXTLA.~Visual Display

e, R4/ 427—X 7 Auditory Interface
e fiiE 27T —2R Tactile Interface
hE. AEAL2TT—R ~Haptic Interface
BENERE A 2T —R ~Locomotion Interface




TODAY’s TOPIC

« JLtZEHEF . Optical Elements
. JLEEMDEKE . Basics of Optics
e 3RFTAA— %5~ 3D Image Sensing




Structure of a Camera
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« Shutter
* Film

AT IV FEFLZ (Principles of
Neural Science)
https://www.medsi.co.jp/kandel/sy

ousai/index.html




L> X /Lens
« Convex Lens
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« Concave Lens
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Other optical elements for interactive system

« JLRJLL X “Fresnel Lens

« LUFFXaSL X Lenticular Lens

o /IN—TJ3X7— /Half Mirror

o {F¥L#R.~Polarization Plate

o« TSAINO—T4)LA

¢ JKET41)L3.Low-pass/High-pass/Band-pass Filter
« F£T74 7\ Optical Fiber

- BIR% R5T#t / Retroreflector

« BIFFEBINFETF / Micro Mirror Array Plates



L)L X “Fresnel Lens

1

o BUOERIRDT=O, ﬁﬁ?ﬁ@b/%h\‘?ﬁ Eft‘El 1’|EHE_I

Thin plate which surface has lens structure. Becomes cheap and Ilght weight.

« BEANXFRICZFER(HAZORLANR, {TE55F)
Occasionally used for lighting (flash, lighthouse, etc)

« JLRILES—HH5H (REAIZERZE)

Fresnel mirror can be made with surface metal coating.




L)L X “Fresnel Lens
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Overhead Projector
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Overhead Projector (Wikipedia)

https://en.wikipedia.org/wiki/Overhead projector ® ﬁ'ﬁ/ﬁ




l/‘/iFﬂF:L7b/Z°/ Lentlcular Lens

« NFEIEXIELVADEN
array of magnifying lenses.

.« TAHALVXTLAD1RITHR 4
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(BE)LOFFaSLURERWN-H1THE
~"Walk Navibation by Lenticular Lens
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http://www.youtube.com/watch?v=VSBRG1 5s2E
Hiromi Yoshikawa, Taku Hachisu, Shogo Fukushima, Masahiro Furukawa, Hiroyuki Kajimoto: ""Vection Field" far-
Pedestrian Traffic Control", Emerging Technologies Session, ACM SIGGRAPH, 2011 I




IN—TEIS—(E—LRTN)YE-IPYII5—)
/Half Mirror, Beam Splitter

(CR L

i
L. By sl
ERl
g

I Y

, ' . ;‘.._‘ﬁ"‘_"':'i
ERFE+FEBOMADEEZFD
Half reflected and half transmitted.
o EEERBIAT. TIVALZAT 5% E47

half-silvered mirror, prism, etc.

Beam splitter (Wikipedia)

https://en.wikipedia.org/wiki/Beam splitter
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IN—T3IS5—TRIE ? %215 .~Half Mirror for face modification
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Interactive AR using Half Mirror

/ e

IN—D3I5—ZHW=A(2359T47AR i
©

Half-Mirror
Virtual Image

Typical setup
for tangible AR

Haptic
Display

A-me: Augmented Memories (SIGGRAPH
ASIA2013)

J. Puig, A. Perkis, A. S. Hoel, A. Cassinelli
https://www.researchgate.net/publication/26238
9666 _A-me_Augmented _memories

https://www.youtube.com/watch?v=I-gXGT-guPQ

T. Yoshinaga, Tabletop Holographic AR with Half-mirror and Marker Tracking*



A4V I35— HERRDH.

Dichroic Mirror: reflect specific wavelength

% Gt

https://www.sony.co.jp/Fun/design/his

bz s Ory/product/1990/der-vx1000.html
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IR YL ¥R~ Polarization Plate
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Polarizer (Wikipedia) BETALY CRET BT« 1&
https://en.wikipedia.or "'\ /\ ,-"I
g/wiki/Polarizer \\‘ K // I ] .:"'
« Optical filter that lets light waves of a specific polarization s 4 _[‘1
pass through while blocking light waves of other ‘' = \1 i !
polarizations. *gh_ T i

« Two polarization plates can modulate the amount of light. i ‘
. Used in LCD displays. http://www.tdk.co.jp/techmag/knowledge/200702/index-him
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Fine shutters blocks oblique incident light.
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REI714)L2
/Low-pass/High-pass/Band-pass Filter
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o / Touch detection by IR
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White lighting +
RGB cam
example.



St 7747\ Optical Fiber
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https://www.olympus-
ims.com/jal/fiberscope/

Fiber scope (Wikipedia)
https://en.wikipedia.org/wiki/Fiberscope

« J7A/\AX3—7 Fiber Scope
- BEBERFHLANGODHGERTER, BERXZFEAS A= HICER,
Used to observe thin places. Most is now replaced by image sensor.
- TLETR.“Ulexite

- KIFAN\R, BARDIE ATHICHER, T—/ & DI KEEL T,
Bundle of Optical Fiber. Natural
- T—N\—ETERILX HENMEEZLO2LDL, https://ja.gz-

. . . honsun.com/chinarc§lics
Tapered-type is used to change size of the image. domos-fiber-opticAaper




TLERDBHFH R / Rediscovery of Ulexite

Ficon (3B RER oo, § v FRIMOTEER

TARATLA1EINTY,
https://www.youtube.com/watch?v=82r4I19Ks5Zc https://www.youtube.com/watch?v=eTeXTbXA6-Y
(ITS2011) K. Fukuchi, R. Nakabayashi, T. Sato, Y. (UIST2012) K.D. D. Willis, E, Brockmeyer, |. Poupyrev:
Takada: Ficon: a tangible display device for tabletop Printed Optics: 3D Printing of Embedded Optical

system using optical fiber Elements for Interactive Devices

https://la.disneyresearch.com/p
ublication/printed-optics-3d-
printing-of-embedded-optical-
elements-for-interactive-
devices/

hittps://fukuchilab.

rg/projects-
ilficon-j

3D7°')“/’5‘75‘\%774/%{-*%55’&%%?36&5IZUUs TLERNAUESU 3V ER
ELTHEBHAINT,




TODAY’s TOPIC

« JLtZEHEF . Optical Elements
. SR MEME . Basics of Optics
e 3RFTAA— %5~ 3D Image Sensing




ML XDIRE .~ Convex Lens Principles

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

f 2f
of f \) \

— Lemma : Ray that passes focal point becomes parallel
to the lens axis.

of f —>

= v o

* Rule2:Ray that passes lens center does not
change its direction.
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%1% Real Image

f~2f:
Image > Object

o) =

Image =0Object

O

Image <Object

The rays really comes out from the image.



RE {8 .~ Virtual Image

Object distance < f :Virtual Ima

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



ML > XMDEE . “Concave Lens Principles

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

point.
s

f of
| | | | , -
2% f \) \ 5 : A

* Only virtual image can be formed.




B &I h
What is Image?



4 X/ Quiz

You are wandering
dark space.

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

What do you see?

KIDVARIREARZDHWREEXRLICA-BDTY,



tis IMAGE?

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

omnidirectionally.

B S



& 1D AL E TIEARL
Do we really understand refraction IMAGE"?

Figures in elementary school textbooks:

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



4R/ 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




DA X ichmhBZEWhat the quiz shows is

D =

.f.-"'

i

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

“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”



RCRZDIE=OICIEIBON RS I1BEGL
Oblique incident angle is not necessary for “Shallow” perception.
A A

\\//\\

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

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

®Practically...  Rays from a point to eye’s pupll can
be regarded as rays from different point. | o




[EHTR1ICEE T HER MR

Misunderstanding of refraction phenomenon.

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

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



Z3L T RHHMRIZEELTLOMN?

Do we really understand reflection IMAGE?

°

”~
-~

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

) Y
o KL K
o R

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




=5—IE=5%4)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”



(IEEEVR2021) Fatma Ben Guefrech, Florent Berthaut, patricia plénacoste, Yvan Peter
Revealable Volume Displays: 3D Exploration of Mixed-Reality Public Exhibitions

L

Pi"evealable Volume Displ 3 They can show the"contours and inside layers

o 3 l s
(| &X]]]][) TS5 LS | | -3:07 1%  aul

https://pod.univ-lille.fr/video/19141-revealable-volume-displays-3d-exploration-of-mixed-reality-public-exhibitions/

EMEZORRIYDENASARDH L EEFA. FHEDITLYIENEST LT, BRIV IFEHROH
BFEZERTYOMEIZRTT .

* Using a glass plate in front of an exhibit at a museum, etc., by holding up a handheld tablet,
information and cross-sections of the exhibit are displayed at the location of the exhibit. IS




BIEEBIFFHF / Micro Mirror Array Plates (MMAPS)

image formation

viewed from above viewed from the right

[
ASKA3D plate

actual image

glass

mirrored surface

https://aska3d.com/en/technology.php https://www.youtube.com/watch?v=KgAvRtpPY-4
DS976 - ASKA3D

- EXTHEMRITI—OESHZHRYEHLEELD,
« O—F—Fa1—TJLAERkICHBRERG T SEEEET HEH,
o FTAHDHWNZERE(ER) EBELEVNT YT TEIRAEE,

2D corner cubes made by orthogonal plates, to achieve retroreflection and transparency.




|-]

CEIT—OF D[ geE(L ?
s Flat Mirror Really Miracle”?

Is there any other surface shape,
that can convert “rays from a point” into
the “rays from a different point”.



¥&M &% Elliptic Mirror

®Generates Real Image
®Used in IR image furnace

Quantum Design IR Image Furnace
https://www.gdusa.com/products/ir image furnace.html




W ehE 88 Hyperbolic Mirror

JAN"S
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(l\\\

Cassegrain reflector (Wikipedia)
https://en.wikipedia.org/wiki/Casse
grain reflector

Omnidirectional Vision

http://cmp.felk.cvut.cz/~svoboda/Demos/Omnivis/

*Generates Virtual Image.
*Used for secondary mirror for telescope.
*Used for surveillance camera. 4



Parabolic refleétér (Wikipedia)

https://en.wikipedia.org/wiki/Parabolic_reflector

Y E 8, Parabolic Mirror

v

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



ic scope

AO—T . IovyHRaA—7

Irascope, mag

35—
-

image.

Ing real

ives float

IC MIIrors g

*Two near-parabol



Lo XD IIZER>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

Virtual Image




IMD (% R BE$%.HMD and Magnifying glass

Purpose: change the distance from eye to the image




(& review)igeE - &I F G
Vergence-accomodation conflicts

 Accommodation & vergence
are slightly coupled.

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

Vergence

Accommodation
D o
<



(%) Zograscope

SBABETEHOEI 1788 e
. ImAFE SHOEII FILEZ EBIFE(1759)k
https://en.wikipedia.org/w https://g.co/arts/rEGnM9QknmewdLAU9 https%.cl;/i/;:va-PEWeﬁNi?fm5an7 ) R

iki/Zograscope

REMLOADERMTEICIREZECEREZFELD. BEAICTEGEN SN . RIETFTH QAR ELGY. BAD
HDFITIEL FRAEICKDERITEFEIMYNKRDNS, DR FASNZRIFEELEEHLE TIURMGERASNRELOND,
Place the picture near the focal point of a large convex lens. The light becomes parallel (collimated), closer to the light from the
distance, and depth perception by accommodation becomes impossible. This, together with the emphasized perspective of w =
picture, gives the impression of a three-dimensional landscape. \




£ =& telescope

| ] M
Y .

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

._ P 3= Eyepiece
M AR %~ binocular glasses P
/ ['l_ [ ]J | prisms
Binoculars (Wikipedia) [ 5. Objective ,H ———
https://en.wikipedia.org/wiki/Binoculars &




;A BB / Stadimeter

- AID=5—%[ElER, M EBRERZERS,
S7—[EEAEMI SRR,

o EWIERELEBRENKEVV(EEAED
FEREITINELY),

« LUX(ERBAFER)ICEOTHEMESE
fEgIZED+5,

« Rotate one mirror to match right and

left images. The rotation angle
corresponds to distance.

 Lens are used to make optical
distance closer.




BA M85~ Microscope

s\
& 1

* Object is close to focus of objective lens.



B REE .~ Depth of Field

K #HEREEMNEL . Left: Shallow (F2)
4 HEREEMNZEL/Right: Deep (F11)



B R EE ~Depth of Field

c ELDEOEEII—DET, DB TITIT RTKRTS.

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

» LAL, RTDABICHIFTEGLLAILDEHTHN
LB TETEHA=>CDHFAEHB D EFWEREE LM SN
Depth of Field=Acceptable distance




B R EE ~Depth of Field
HERFEIL, &YEERERECIKRF

— Depth of field is related to aperture & focal
length

e &Y. Aperature(=LXDEERILZXK
=&/lens size)

— Large aperature = Shallower Depth of Field

— Minimum Aperature = Pinhole Camera
i Fﬂ:ﬁq *ﬁﬁ@ﬁ(ﬁ%74717 t,m L4TH 2 25HE

)

https://www.nikon-

%\l film image.com/enjoy/phototech/manual/04/04.html

- Em ARt Focal Length
- BEWV(=LA) FERW(RiREE : AEELX)




EiR—IL =B R EEERE

Pinhole makes the depth much larger.

« (E)ERIZHE (RY—LT+2)/ Photo by ordinary smartphone.
o (F)ZILERAIL+IVTE V7R—JL1E / Pinhole by aluminum foil.
- (B)ELBELEE VI EST=FEIZ/ Photo again.




BEREE OV /\IFHASDOKERE
Depth of field as an issue of compact-size camera.

e LURPINEN=EUR— LSRN =B RIEE A S ALY,

« Small lens = close to pinhole = shallow depth is difficult. 4:
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£ m DI % AE | / Synthetic Refocusing

A/ L

I I
aginary film | Imaginary film |

Lens I Sensor Lens Sens |
https://www.lytro.com/renng-thesis.pdf

« FRITILABEFRLEOTCERHERTESNIEE M EHEHIERED R LIERFE

« If incident light “direction” is recorded, refocusing after the shoot is possib!ge._



Synthetic Refocusing (idea)

i

EAETER

3
2
H

ER—IL
=

EVR—IL (B =RBRIREFERY) + XVEFELGCEFRT ARL
&= 1t#3EE %50 8%. / Pinhole + high-resolution sensors can
record incident light and its direction.
ERIZIXZHDOL U XEFRLVS, / Normally micro lens are used.
BHDHASTREF, £<{D/\1)T—3>,/ Multiple cameras are also us&c.




&l 5 Lytro(2012)

Optical Focal Plane

A Virtual
Focal Plane

Main g g
Lens g

Microlenses t X
1
Photosensor

L]
L
a
L
[ ]
3

L]
L]
L]
L]
]
]

&
N
L
®
' e
) @

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

(z2)



H 5 Lytro(2012)

Lytro lllum review
https://www.youtube.com/watch?v=bUd7xXhmugM
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Refraction factor, curvature and focal length

i — -
- - -
s - -
- T
-
S 5
- -
.\ i
, £
N '
R2 E, of R1
[

BREL > X DI5E DL . For spherical lens

] 1 1 N-1)*d
—=(N-1)| —+ ! )
f R, R, NR,R,
FEESTIREE N ASADREIRTE, R1,R2:LVXOHBEXEZE, ALV ADEH

HBMOWLVUXTIIEZHITERTHIENSZLY,



What happens if N=2 ?

7 I /
« N=2, R1=R2=R, d=2RZ{X A

1_ v )( 1) N=Dd _ 1)(— lj @-D'2R_1
f R, R,) NRR, R R) 2R R

=R
. BEORHBIRE AR A EEERT S

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

// 7
//é////




« BIIR20ATRE—XIL, MWK I=HRIZIED
glass beas with refractive index=2 works as retro-reflector.

- BRERAIRETORE | RS EAE TEAEL. IR L THLBRE RS
[TELH(FERREFL. BRKRERFT DA NRONRESLZE[oNDHY)

o OA—F—Fa—TFATLEHAINS,

Corner cube is also used.




1je 4 & 5181~ Retro-reflector

-

Retro-reflector

— /

LED
Smartphone /

/ 1m away
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69 Apolta 11 1971 Apollo 15

https://en.wikipedia.org/wiki/Lunar Laser Ranging experiment

« BIRMERFM (O—F—F2—T)ICEYAETOEREZIEHEIZETE

» The retroreflective material accurately measures the distance to the moon.

,-\"



ILARIVG L2 X T T F/ Luneburg Lens Antenna

« BROPIDMoRENDEZNT=EBIFRICI>TEHBENGHEIRE RS A AIEE,

© LERRLTLUXEMIEN, BREETIETLTHELTRASN S, 15K &
EWIA—EDHEMEILRLY,

« BEDOILRRIVILUALRES  A—F—Fa1—TJICEEEPROBRRHND

« The refractive index, which is graded from the center of the sphere to the surface, allows for
perfect retroreflection. In the radio domain, it is called a Luneberg lens and is used as an

antenna. Unlike parabolas, only the feeder needs to be moved.A number of acoustic Luneberg
lenses have also been proposed.



BlrERFIRRELTOLL/ Ralnbow as a retroreflective
phenomenon

. FHOTRELERN RO R EDRFEDENAEDON-FEEL
CEESNAE%, RAENO 1 HS OB A EESNS st

. QTR TRI L ERTES . MmO TM AR S EL TS L5 A A—
DTBNLE,

- REMICWBIT KEZRICLTRET S,

A phenomenon in which the different refractive indices of different colors are observed as
colored circles during imperfect retroreflections of raindrops. A secondary rainbow with one
more reflection can also be observed.A single raindrop is not enough to understand a rainbow,
you need to imagine that there are countless raindrops in the space.



(CHI2021) Vibrosight++: City-Scale Sensing Using Existing Retroreflective Signs and Markers
Yang Zhang, Sven Mayer, Jesse T Gonzalez, Chris Harrison

o~ =
Accelerometer -
i v

Ref. Accelerometer data:

Vibrosight++ data:

https://www.youtube.com/watch?v=zbMOT1 XsLZE&list=PLghXYFYmZ-Vdsg4-okDWnptnyAs8HXifN&index=12

« HPICHIBIFMERNM +L—F —TIRBIRH




TODAY’s TOPIC

« JLtZEHEF . Optical Elements
. JLEEMDEKE . Basics of Optics
« 3RTAA*— 2%~ 3D Image Sensing




SRTA A—2% 3D Image Sensing

« 3D Display requires 3D data acquisition

- RBE.RZADEDOFIA / disparity & change of image
« £EJL % Moire Fringe Analysis
« JtYIBR%E Light Section
« I\ T RTL A% Passive Stereo
- fRIAFEIZE % Visual Cone Intersection
- BEZXTL A%~ Photometric Stereo
« LUXEE %L~ Shape from Focus

— BRI ZEDFIFA / time of flight
« direct Time of Flight (dToF)
* indirect Time of Flight (iToF)



= l/&/MOlre Fringe AnaIyS|s
'L‘!IH ( L [ T F | _/7&&

"iﬂf"nu' '\‘ ."u |m||“||'|m||«=~~«v

MV

IIII 13 Ul HHILHIII LI

* Project stripes

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

Depth is converted to density.

Observatlon




(UIST2021)MoiréBoard: A Stable, Accurate and Low-cost
Camera Tracking Method Chang Xiao, Changxi Zheng

BEDARY—H—EEILUREHRAEHOESAETRIARMIMEEN S YF VST
https://www.youtube.com/watch?v=uObPYICHOKE&Ilist=PLghXYFYmZ-
VeKUIuttb QWomTQ-oXF6PLf&index=93




Laserbeleuchtung Detektor

St Y% . Light-section method

@ﬁ

Streifenprojektion

Werkstuck

nght section (Wikipedia)
https://en.wikipedia.org/wiki/Light_section

Inline Color 3D Scanner Light Section Method
https://www.youtube.com/watch?v=dd3ayqJGVvo
ho—3 kL
https://www.youtube.com/watch?v=dN3IxPWgCzc

* Project line image and Capture from different position.
« Disparity = distance
« Coded pattern is projected for fast acquisition. LIS




Real-time Projection & 3D retrieval(song zhang et al., 2006)

https://www.youtube.com/watch?v=83WwqgWigCmc

Note: stripe-pattern projection method was devised before video projector became common.



3D Scanners are Cheap now

EinScan SE

Projector + 2 cameras + turnable table



Xbox Kinect(ver.1) (2012) Projection pattern

IR projector & camera

RGB camera

Kinect v1 (Wikipedia)

https://en.wikipedia.org/wiki/Kinect

How Microsoft Kinect works with Infrare
https://www.youtube.com/watch?v=dTKINGSH9Po




INYS D AT LA Passive Stereo
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« Twoorm

— Just like we do with our two eyes.
— Use disparity. Triangular Method.
— (bad) Disparity measurement requires huge calculus.

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



Passive Stereo example

https://www.stereolabs.com/zed/
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https://www.youtube.com/watch?v=c7UQ6BQJncM
3D Mapping on Jetson Nano with ZED Camera




Passive Stereo example: LeapMotion




(IEEEVR2021 Poster) Tianyu Wu, Benjamin Watson
Multiscale Sensor Fusion for Display-Centered Head Tracking

by 3

|

tered Head Tracking

Tobit-only

Video Speed: 300%
https://www.youtube.com/watch?v=yWSCgsXHz0O4
«  Kinect&Tobii (BREREENEHAN A EHESE. BBEMUEDLEFE OIS IGLI=-T
ARTUVAMREBDRTINTEL LS5,

« The combination of Kinect and Tobii (eye movement measurement) will enable the
display images to respond to a wide range of head position movements.




RIAFERZ E %~ Visual Cone Intersection, Visual Hull

[ 2 “‘\‘_

silhouette
& viewpoint1 o
http://vision.qgel.ulaval.ca/~visualhull/

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



Visual Hull

* https://www.youtube.com/watch?v=Lw9aFaHobao
* Image-based visual hulls
* Multiple cameras from ceiling enables 3D reconstruction.




BBEZEZXTL 7% Photometric Stereo

Photometric stereo

https://en.wikipedia.
org/wiki/Photometri

c_stereo

* Prepare 3 or more light sources.

* Object’s gradient is calculated by Luminance change

* Shape is calculated by integrating gradient.

* Object surface’s characteristics are commonly necessary.
« Single image version is known as shape from shading.



Lo Xk =ik Shape (depth) from Focus
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https://www.keyence.co.jp/ss/products/microscope/beginner/tech
nology/depth-composition.jsp

First Experiment in Depth from Focus
https://www.youtube.com/watch?v=YkjCZTAzIsA&t=180s

- Shift the lens and move focus distance
» Use different focus levels to obtain a sequence of object b, |

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

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



Direct Time of Flight (dToF)

uuuuuuu

http://www.youtube.com/watch?v=1YBoFdL-CLc

« Putlaser beam to target.
« Use reflection time and phase-lag
« Use rotating mirror for scanning

* (good) Accurate, long range (long
enough for automobiles)

» (bad) Expensive




Indirect Time of Flight (iToF)

Time-of-Flight Classification

Optical Time of Flight — round trip estimation of an light wave emitted ;
from the sensor to the targeted object, and then reflected from the object fi
back to the sensor |

Direct Time-of-flight
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Indirect Time-of-flight
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o https://www.youtube.com/watch?v=TpjnooXhOmY

« Similar to optical radar, but measures phase shift.

* Cheaper.
» Close range. Not suitable for outdoor use.
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Xbox Kinect(ver.2) (2014) adopted ToF (iToF)

IR projector & camera

Bill Heiland 2015

RGB camera

Kinect v2 (Wikipedia)

https://en.wikipedia.org/wiki/Kinect

Kinect V1 Vs Kinect V2
https://www.youtube.com/watch?v=Zx2E191\VV2zs
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depth sensing in mobile. "

Google's Project Tango, 2014~
- H—1tH{:Laser, Structured Light (Prime Sense)
- ""_ﬁﬁ‘. Laser, Structured Light (Mantis Vision)
- FE=14R:IR, Time of Flight

https://www.youtube.com/watch?v=sj3EhvFCY6¢c

Time 3% 124
= FPS: 46.70

Path length im:: 6.2

Updates: 26 Dist. to originm’: 1.2 [22.5 % of path)

Inliers: 108 Status:

Position m: 0.04, 122, -0.07

https://www.digitaltrends.

com/mobile/huawei-p10-

vs-huawei-p10-plus/

AI—hI74+TITEAE
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FNEELT-, LOALEBLEBEMTOHA TRILANIILOWLEZITS7 I A—FH /I (Google Pixel)

F-AR7 T D-OIZRITEFHRNBETHAHAENBERH,

Smartphones required depth detection to allow depth of field moduration. An approach that uses
only image processing to perform the same level of processing was also successful (Google

Pixel).Also, the necessity of depth measurement for AR applications was reaffirmed.



LIDAR in iPhone(2020-)

« AX—hIADELTILIFLOH T, dToF 1R A (iIToFZFE o=t D I LLRTICHFE)
o CNICKYBIEERIRGY. BRET VI GEICBLFEZLSEDI,

* The first smartphone to use dToF (iToF has been used before).

» This increases the measurement distance and makes it usable for indoor modeling.



& collab - J\[ & | Account - [S [ Layers - |

2t BRE




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




INTF RN —BEBELAIZiRE
Mini Test: Submit in one week

LUTDOETIZ100F LURFEE THEE K~ Answer all questions within 50 words

L RILLY X[ZDUVTERBAE & Explain fresnel lens.
IN—DZ5—([ZDUVTERBAE & Explain half mirror
RICIRIZDULNTERBAE & Explain polarization plate
ERIZDULVTERBAE & Explain real image.

EAZ(ZDUVTERBAE & Explain virtual image

BIFMH R SMIZDULNTERBAE & Explain retroreflector.
ETLEIZDULTERBAE & Explain moire fringe analysis
BEEZXTLAEICDWTERAHE & Explain photometric stereo method
SEUNBREIZDULNTERBAE & Explain light section method.

10. 3 LA T 754 MM DUVTERBAH KExplain time of flight method

1. LU REREIZTDUVTERBAE & Explain shape from focus

12. 1INy T RATLAEIZ DN TERBAE & Explain passive stereo method
13. REFBEREXRIZTDOULVTERAE & Explain visual cone intersection method.

©NOORE D~

©



EERLR—b: pdffie X T—ERLINIZIEH
Experiment Report: Submit in one week (pdf)

BBEGHATTERT S, MHITERERH10-20cmBEDML X MM LykR—
IN—DB2ERE. AVEZDBEZ—ILETHD, L XFHZLEHHI.5D
ZRFEZEITEAL, LoXFN L., ERTHELY,
ANEAFIZKYLOADEREBEZEHRIL. TNICE DV -ERETERT S, ER
EEIIERTEDENEFELL, HEZ—ILRITIRV)—2ELTRHWS, X5IE
T SARMEE N &,

LAR—FTIXERD@ERE. 3= PEERE (Fm) ( IEEERE (1mLLR) TOEIMEDFRF
IFEZFEHT B

Create a simple camera. The materials are a convex lens with a focal length
of 10-20cm, two toilet paper cores, and a white plastic bag. For the convex
lens, you can buy reading glasses with a power of 3.5 at a hundred-yen store,
take the lenses, and stack them on top of each other. Measure the focal length
of the lens using sunlight, etc., and design a housing based on that. The focal
length should be changeable. The white plastic bag shall be used as a screen.
Do not look at the sun. The report should describe the process of creation
and how it works at far distance, medium (several meters), and short distance
(within 1 meter).
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Reading glass bought at
White plastic bag
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Focus-adjustable camera

Room light
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