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Outline of the lecture

A[EEHAIF % ~Measuring Human
#8%E.Human Vision System

B\WE 224 ~Visual Sensing
RET1RT LA~ Visual Display

FEE ., [EE A2 4271—X .~ Auditory Interface
fihs il E >R —X ~Tactile Interface
HE. hEAL22TT—X ~Haptic Interface
BENRE /4T —X ~Locomotion Interface
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TODAY's TOPIC

« JtE¥FF . Optical Elements
- FFDEFE. Basics of Optics
« 3RTAA*— %~ 3D Image Sensing

Structure of a Camera
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1 Eea HoTIVEERREZ(Principles of
Neural Science)
https://www.medsi.co.jp/kandel/sy
ousai/index.html

Lens
Iris
Shutter
Film




L>X./Lens

« Convex Lens p—
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« Concave Lens

LUX, S5—UNTAUESITATVRATLT
FCAVLNSIEFRF (D—ER)
Other optical elements for interactive system

« JLRJILL X “Fresnel Lens

« LUFF*a15L X Lenticular Lens
o I\N—T2Z— 7Half Mirror
 {@yt#k.~Polarization Plate

o« TSAN—D0)LE

« KT 1ILALow-pass/High-pass/Band-pass Filter

« JtT74/\./Optical Fiber
- B4 =544 / Retroreflector
- BIFBEBILFEEF / Micro Mirror Array Plates




JLRILL X “Fresnel Lens

TR DT, AEHOLL AL, BB EHTHE

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

« BEAXZRIZZFERANASORROR, TEF)

Occasionally used for lighting (flash, lighthouse, etc)

« JLRILIS—LHDH (REIZEKE)

Fresnel mirror can be made with surface metal coating. WS

JLRILL X “Fresnel Lens




A—nN—~Ayk7O o4
Overhead Projector
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Overhead Projector (Wikipedia) s
https://en.wikipedia.org/wiki/Overhead_projector ® JIL'.:JF?»

LYoFFa50L 2 X Lenticular Lens

« MFEEFEIBELVADEN
array of magnifying lenses.
o YAUALUXTLAD1RITIR S
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LvX o LUFXaSLUR . EAFADR
http://techon.nikkei Eﬁ'ﬁ@lﬂi
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(BZ)LOFFaSLURERAWN:STHE
~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" for
Pedestrian Traffic Control", Emerging Technologies Session, ACM SIGGRAPH, 2011 N




N—D3I5—(E—LRTYyR-IIYHI3I5—)
/Half Mirror, Beam Splitter

£RE+BBOTHDUEERD , O [
Half reflected and half transmitted. - :
o FERFIAT. TIVXLZAT EFHE4A4T

half-silvered mirror, prism, etc.

Beam splitter (Wikipedia) ~
https://en.wikipedia.org/wiki/Beam_splitter

IN—D3I5—TKIE ? 2165 ~Half Mirror for face modification
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Interactive AR using Half Mirror

/ e

Half-Mirror
Virtual Image

Haptic Typical setup
Display for tangible AR

N—D2I5—ZFBW =135 T47AR &
©

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— BHERRD AR5

Dichroic Mirror: reflect specific wavelength

https://www.sony.co.jp/Fun/design/his
tory/product/1990/dcr-vx1000.html

« BRXCCDAASFETRASMEIER
« O—JLRES— AIEAZE RS, FotEER
o RYRST—:O—ILRE5—D#




R Yt 4R~ Polarization Plate

TRERSFOMEEEFIR Ui (R IL O

Polarizer (Wikipedia) BT IS k] T 1
https://en.wikipedia.or \ /
gl/wiki/Polarizer \ R . Jf
* Optical filter that lets light waves of a specific polarization > ¢ ]1
pass through while blocking light waves of other JH] [
polarizations. \ :
+ Two polarization plates can modulate the amount of light. . ;
. Used in LCD displays. http://www.tdk.co.ip/techmaq/knowledqe/200702/inde;<qht\m

TS54/\—T4)L73 [ Privacy Filter

Fine shutters blocks oblique incident light.
« RERORBBAXANGLEGE

=
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EREI1ILAE
/ Low-pass/High-pass/Band-pass Filter

. BEANICEDRETHDABELF-LN
. KISHDEEERFT-L d"&
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5?%%%%\7‘—?%%@& / Touch detect|on by IR

FTIR
Frustroted Incernal Reflec ,__,’ e Re Hiuminagion e //

f
Projection 4 P 4 S
Surface —._ /'/ Pt ,-/’ Diffusor —. )/ A ) -

. A o -~ Silicone Rubber N A 2
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IR LED T, E Jren Plexigls, -~ biiad |
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~
Total Internal Reflection —
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-.- «ttp://iad.projects.zhd k.ch/multitouch/—l— comer

FTIRAR,
HEX+EED
HAZTOiR#H
White lighting +
RGB cam
example.

[A T2
\“TDXZ %
¥ ks,

3'77'47Jlb°77'ﬂ \—\\

https://www.olympus-
ims.com/ja/fiberscope/

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

s J7A/\AR3—T “Fiber Scope
BREFEFHAANGO MBS CTER. BERRFFA A-—SEHICER,
Used to observe thin places. Most is now replaced by image sensor.
« TLEB “Ulexite
- RIFANER, BRADIR ATHIZBER, T—/\Z DT KEEELTH, ‘
Bundle of Optical Fiber. Natural
- F—R—BTEERLAMMEEELOLDE, hitps:/ja.gz-

honsun.com/china/c&lics

Tapered-type is used to change size of the image. domos-fiber-optic-tapar




TLERDOBHF R / Rediscovery of Ulexite

Ficon (FIZEBBHRER 1=, 9 v FREIEERG

FTARATL1EMTY,
https://www.youtube.com/watch?v=82r419Ks5Zc 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.
drg/projects-
jificon-j

3D7°'J/’5!75\:‘ﬂ'|':77'f/ \%L%_"J_ﬂ/'t%éck')l Y, Tl/t BRSO IVER
ELTHEHRBEINT-,

TODAY's TOPIC

%???/Optical Elements
. FFDEFE. Basics of Optics
3327_54%—9./7“/ 3D Image Sensing




ML XMDREHE.~Convex Lens Principles

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

2ff\}§

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

2 f
%‘ \} f 2f

* Rule2:Ray that passes lens center does not
change its direction.

J!’ Yy




%1% .”Real Image

Zlf ic ' ' f~2f:
Image > Object
A
D I~ D
T T 2f.

Image=0bject

‘ﬁ\ﬂ\f q @ D

Image < Object

The rays really comes out from the image.

R 1%~ 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 > 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.

A

s

f 2f -\
! I l PR
PR ~ = |

* Only virtual image can be formed.

& & (AT Hy
What is Image?




94X/ Quiz

You are wandering
dark space.

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

What do you see?

KEDIVARAERRREFORREELEIRA-BDTY,

tis IMAGE?

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

omnidirectionally.




& 1 DEAE TR ETIEAGL
Do we really understand refraction IMAGE?

Figures in elementary school textbooks:

Only one line explains “shallow fish”.
®Is 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

/6) © ©
ot - e




4 X hibhmdZE/What the quiz shows is

Ob
Ba
<

o~ -~
.r/

”

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”

ERCRZADIEDICIKTRHOIR L IMELL
Oblique incident angle is not necessary for “Shallow” perception.
A A

N\
\'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. ' N




IR IICET 55RF%

Misunderstanding of refraction phenomenon.

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

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

T3 LU REMRIZEBLTLDH ?

Do we really understand reflection IMAGE?

°
Y <ﬂ

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

K; K; K;
m. ///, /////
Tt .

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




S5—IF=Z5Y)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

Fievealable Volume Displays alls They can show the'contours and inside layers

[l eXxX[1]D) 'P»"Lih na. _ e Ire 1 307 Ix =

https://pod.univ-lille.fr/video/19141-revealable-volume-displays-3d-exploration-of-mixed-reality-public-exhibitions/
EYEZEOBRTYDAICHSARLH L EEFA. FHEDITLYLENTT LT, BRYDIER OB
HEXBTYDOMEIZRTT S,

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. A S




BIREELFHRF / Micro Mirror Array Plates (MMAPS)

mmmmmmmmmmmmmm

viewed from above viewed from the right
® *—

AAAAAAAAAAA

mirrore d surface

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

EXTHEMRIS—DESHFHZRYEHELDIOD,
O—F—Fa—TJLRAZRICBIRRS T 2B BT DHE.
EHDGENERER (KRG EBELEINT YT TRE AR,

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

https://aska3d.com/en/technology.php

TERIS—OFH: ORI ?
Is Flat Mirror Really Miracle?

Is there any other surface shape,

that can convert “rays from a point” into
the “rays from a different point”.




EM £ Elliptic Mirror

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

®Generates Real Image
®Used in IR image furnace

Bl E £5 . Hyperbolic Mirror

IR

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 reflector (Wikipedia)
https://en.wikipedia.org/wiki/Parabolic_reflector

W E $& .~ Parabolic Mirror

*Converge parallel rays to a focus.
*Change rays from focus to parallel beam and vice versa. N

25—R3—7 XUy HRI—T
Mirascope, magic scope

*Two near-parabolic mirrors gives floating real image. 4;




Lo XDIME1IZRE>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.

A
eameoe B[Py
of f '

Virtual Image
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HMDIZ REE$E.HMD and Magnifying glass

% NPT
| | ' |
! f \/\\

» Head Mounted Display

wo\\f 2f t
} = i i
i f \/\

Purpose: change the distance from eye to the image




(1&E review)igEE-SAEF B
Vergence-accomodation conflicts

« Accommodation & vergence
are slightly coupled.

A
« Stereo display problem:
— Accomodation=constant §
- s |3
— Vergence = variable = s
: g | > :
=Severe Fatigue 2 Display
5
3]
< Y
B[RS

(&%) Zograscope S

SABRBHOEIL 1788 L iEne RARZE
e T ELSE (RN SEEEILE(1759
https://en.wikipedia.org/w https://g.co/arts/r8GnM9QknmewdLAU9 Egﬂ;_ct/ilijgWeﬁS(aﬁfn\/? )bE
iki/Zograscope

KEML Y ZDESFHEICRAEBEEEZFEL . RIINICBURENZ ), RITFEFTHR QA= R) EEY EH M
LDHITIAEL, FAFICLDETEFIMYMNKRDND, LOBASNI-REELEHOE TIAKRMERINELOND,
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 tile
picture, gives the impression of a three-dimensional landscape. RS




g8 =85 telescope
A (\/
| @;’ _
« Object is far away b
 Real-image by objective lens (x#L > X)
« Converted to Virtual-image by occular lens (3#EEL > X)
- JER$E~binocular glasses I r
lL B Bacs !‘J prisms
.
Etipp()s(?;;:ear:iv(iri/pi)lgg;éi:ré/wiki/BinocuIars :1 oot -ﬁ/r\
B BE4% / Stadimeter

« FRIOI5—%REEx, mABRGZEERSD,
So—REAEILIEREE,

o EVEBEEREAKREV(EEAEN
FEEIZ/NSLY),

« LVR(ERFEAFR)ICEOTHEMES
fRIIZE DTS,

* Rotate one mirror to match right and

corresponds to distance.

* Lens are used to make optical
distance closer.

S

eft images. The rotation angle




PR EE .~ Microscope

» Object is close to focus of objective lens.

BB 5 EE ~Depth of Field

- EHEBERFEEHMEL . Left: Shallow (F2)
- B HERFEEMNZEL . Right: Deep (F11)




B R EE .~ Depth of Field

« EROEIEMIE—DOFEIT, tDERHTIEIRTRTS.

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

« LWL, RTHBARICHIATEGLLANILOERETHN
(LB TEE>CDHRHEDCEEWERFE LM

Depth of Field=Acceptable distance

B R EE .~ Depth of Field
- MERZEEIL RYLELIRREIZKE

— Depth of field is related to aperture & focal
length

- #Y.Aperature (=L XDEEMTKXK
=&/lens size)

— Large aperature = Shallower Depth of Field

— Minimum Aperature = Pinhole Camera
© BRBRADRIGETARAY EvtnascRisiE

https://www.nikon-
image.com/enjoy/phototech/manual/04/04.html

- £ mIEEE Focal Length
- B\ (=EA) [EEREN (BiRLEHE : BAEBEL > X)




EVR—IL=%ERREER

Pinhole makes the depth much larger.

o (Z)EBICERE (RY—L7+>)/ Photo by ordinary smartphone.
o (B)F7ILZRAIL+INTE 2 R—JLE / Pinhole by aluminum foil.
o (A)ELEELEE VMM E--FEIZ/ Photo again.

WEREE Q2 /NI HASD KEE

Depth of field as an issue of compact -size camera.

3 P o
e
’ i se
: g
;. .~
.

¢ LYRBUNSN=EUR—LISEN = HERREEEHELL,
« Small lens = close to pinhole = shallow depth is difficult.




|

Imaginoa'rry film |

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

FIEI BB EAMBEDTRBFETENEE AL E HIER O KRNI AT EE

If incident light “direction” is recorded, refocusing after the shoot is possitie.

Synthetic Refocusing (idea)

\ gl AT
0 = Y Y

[ E(
1/\/\
u MEI E{E /Ak\.‘aii\\.'ai\\

EiR—IL (ER=RBTITREERH) +tLVEFELGEHRTI ARD
EHT- 1R B % 508%. / Pinhole + high-resolution sensors can
record incident light and its direction.

o ERRICIXZHDLUXZERLVS, / Normally micro lens are used.

© BERDODOWASTERZEF, £<D/\)T—3>,/ Multiple cameras are also us€c.




B 5 - Lytro(2012)

Optical Focal Plane ] FFT 7 7w

Virtual H I
Focal Plane |
Main { g %

Lens

Microlenses t X
Photosensor .

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

&1 5, - Lytro(2012)

Lytro lllum review
https://www.youtube.com/watch?v=bUd7xXhmugM




AT, phEREE SRR
Refraction factor, curvature and focal length

Bk I/‘/X‘O)i%ﬁwiﬂu‘t/For spherical lens

L_ vy Lo (N-1)*d
f R R ) NRR
FAE MEERE, N ASZDEHE, R1R2: wz‘mz%, dLYXDEH

BOLUXTREZIREIERTHIENS

What happens if N=2 ? /\
+ N=2, R1=R2=R, d=2R%Et A

1w 1)[L Lj_(N—l) d_ - )[_ l]_(z—l)zzR:l
f R R NRR, R R 2R R

. f=R
. BREO R EIE SEE S EEERT S

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




B4 & # .~ Retro-reflector

@

« BIFFR2OASAE—XIL, XHEKEFRIZIRS
glass beas with refractive index=2 works as retro-reflector.

- BRERAERETOMEE | REIEARETIEEL. LIRS L TORRE RS
[FELS(FRERRERL. HREERFOANBVDREALEZFToNDH)

« I—F—Fa1—TRA(TLEREIND,

Corner cube is also used.

HIgH &R 51# .~ Retro-reflector

Retro-reflector

Smartphone LED




O A RSN 1971 Apollo 15

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

- BIRMERSM (Q—F—F21—D)ICEYAFTOERMEERMICEHA,

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




IWARILYT L X T2 TF Luneburg Lens Antenna

= = - = —

| htfbs://en.wikipedia.org/wiki/Lunurg_lens

o BEOHBIDMASREANDEZNTEREREICI >TEBRNLGBRIRE RS A ATEE,

© LRNLTLUZEF N BREETE 7O TFELTHASIND, 135R3E
EWI—TDHEMEITRLY,

s BEDODILARIVILVABRESZ, —F—Fa1—TJIZLHBFPHEOFR/RRED

» 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. IS

AR RSFTEREL TOH/ Rainbow as a retroreflective
phenomenon

—_——

- MADAEELGBRERFOBRICEZLEDBETEDENVAED DN -HIREL
THRINDIBER, REABRHD1EZVEIHINEREINDILE,

« BEEOMATIIUIEEBTET . BROMMAERMICHEELTOAIEZSA—
CIBRE,
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

https://www.youtube.com/watch?v=zbMOT1XsLZE&list=PLghXYFYmZ-Vdsg4-okDWnptnyAs8HXjfN&index=12

« HPIZHLIBRERFM +L—F—THRBBRLY

TODAY's TOPIC

. JtE¥HFF . Optical Elements
« FFDEHE.Basics of Optics
« 3RTAA—22% ~ 3D Image Sensing




3RTA A— 2% 73D Image Sensing

3D Display requires 3D data acquisition

- RE RAADEIDFIA / disparity & change of image
« L% Moire Fringe Analysis
 JtYIWT% .~ Light Section
« 1INV TRTLH L Passive Stereo
- R{KFERX E %~ Visual Cone Intersection
- BEZXTLH% . Photometric Stereo
« LUXH R %~ Shape from Focus

— FFRIZ D FIA / time of flight
« direct Time of Flight (dToF)
« indirect Time of Flight (iToF)

s =Ly l/;“i/Moire Fringe Analysis
© T —————]

\'\’ “ ‘ ‘ ‘H\\ ‘T ¢
il il A

i wm L

FUBEELLT I\IH iHIIIIIIlI

* Project stripes

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

Depth is converted to density.

| ﬁﬁiiiiillll 0
Projection |||
T




St Y%~ Light-section method

Laserbeleuchtung

X/ Streifenprojektion

Werkstick

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

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

https://www.youtube.com/watch?v=dN3IxPWgCzc

Project line image and Capture from different position

Disparity = distance
Coded pattern is projected for fast acquisition

Real-time Projection & 3D retrievalsong zhang et al., 2006)

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

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 Infrared
https://www.youtube.com/watch?v=dTKINGSH9Po




INV T AT LA%L . Passive Stereo

— 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

»)

L z=o (@

https://www.stereolabs.com/zed/

=EOYD DD 6

https://www.youtube.com/watch?v=c7UQ6BQJncM

3D Mapping on Jetson Nano with ZED Camera




Passive Stereo example: LeapMotion

Bk

38

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

Multiscale Sensor Fusion for Di ehtered Head Tracking

Tobit-only
Video Speed: 300%

https://www.youtube.com/watch?v=yWSCgsXHzO4
*  Kinect&Tobii (BREGEENEHED) ZHAEHEHE, BB EDLEHEDEME TR IELI=T
A ATV D RIRIMNTES LSS,
* The combination of Kinect and Tobii (eye movement measurement) will enable the
display images to respond to a wide range of head position movements.




HR{AFER =%~ Visual Cone Intersection, Visual Hull

silhouette

¢ viewpoint1 ;
http://vision.gel.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.




BEE Z= X T L A%, 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.

L2 X Mm%~ Shape (depth) from Focus

o?%ﬁ&hajﬁ Eﬁﬁw el

https://www.keyence.co.jp/ss/products/microscope/beginner/tech
// I r U _ - .
é[ I;/II ,(/1 ,[ ]\ §i3 Y 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 images¥
* Quite rough, when used for scenary.(focal depth is large)

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




Direct Time of Flight (dToF)

. .."...'r' -
LTS i i g, L}

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 Direct Time-of-fight
LAt 5
= Optical Time of Flight—round trip estimation of an light wave emitted E‘ i
from the sensor to the targeted object, and then reflected from the object i \ H c At
back to the sensor —i d= 2
Target - ':
\} \ﬁ { Transmitter Chain ]
R, istance Indirect Time-of-flight
(, :‘A,[ 5 Recelver Chain [ [7 : e : : @ - VEn :
e = 1
' ! 1 i | SeLip
Emitter Signal : ‘ ! ! | | = 1w -)"m
Iecaiver Signal : i ‘ E
Targel Phase Shift  Targel Phase Shift Wave Cycle 5
5
» https://www.youtube.com/watch?v=TpjnooXhOmY * Texas INSTRUMENTS
» Similar to optical radar, but measures phase shift.

* Cheaper.
» Close range. Not suitable for outdoor use.




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=2Zx2E191V2zs

E/NA )b#ﬂé%%l:%‘izéméxﬁ%ﬁx7

depth sensing in mobile. "

Google's Project Tango, 2014~

- H—14X:Laser, Structured Light (Prime Sense)
- ""_ﬂ'{‘t Laser, Structured Light (Mantis Vision)
- E=M#AK:IR, Time of Flight

Time 8: 1824 Pathlength im: 5.2
S 4670 Position m: 0.04,122,-0.07

Updates: 26 Dist. to origin im: 12 (235 % of path)
Inliers: 108 Status: 3

https://www.digitaltrends.
com/mobile/huawei-p10-
vs-huawei-p10-plus/

© AY—hIAUTIHBITEFRZDLDIVEBRDOBEERRELRLIMITET H-HITRITERE
ELELELI, LI LEBLEEMTOATRLARIILOUNEZEZITS7 TO—F L/ (Google Pixel)

° iT:ART?O')O)T:&)Lx %n-l-/ﬂ“h\’ ‘E—C&%) th ﬁnrb\n o

+ 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.

https://www.youtube.com/watch?v=sj3EhvFCY6c




LIDAR in iPhone(2020-)

« AX—FTAVELTIRKIFLH T, dToFZERA (IToF Z#E > =1 D (T LLATIZHTFTE)
o CNICKYBIEEENRGY. BRETYLILREICLEZDLDIC,

* The first smartphone to use dToF (iToF has been used before). 2
* This increases the measurement distance and makes it usable for indoor modeling. D

3D Lab.
B + EXEAEG] > 1> | & collab - | & || Account - | Layers - J{Layout - |
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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

INTFRE: —ERURIZIEH
Mini Test: Submit in one week

UTDOETIZ100F UNIEE THEZ 2 L. Answer all questions within 50 words

TLRILL D XIZDWNTERBAH & Explain fresnel lens.
N—T2F—[ZDULVTERBAE & Explain half mirror
{RILMRIZDULNTERBAE & Explain polarization plate
EZ(Z DUV TERAAE & Explain real image.

REAZIZDULNTERBAE & Explain virtual image
BIRMHREHMIZ DL TERBAE & Explain retroreflector.
ETLEIZTDOWTERBAHE & Explain moire fringe analysis
BEZATLAEIC DL TERBAE &K Explain photometric stereo method
SEENBTEIZDULNVTERBAE & Explain light section method.

10. B4 LA T ITF5A DL TERBAE &Explain time of flight method

1. Lo XREREIZDULTERBAE & Explain shape from focus

12. 1IN T AT LA EIZ DL TERBAE & Explain passive stereo method
13. FBIFERZEXIZDUVTERBAHE & Explain visual cone intersection method.

© N Ok WD

©




EERLR—b: pdfié X T—HEELRIZIRE
Experiment Report: Submit in one week (pdf)

BN ATEERT D MHIEERIERE10-20cmBED LU X M LybR—
N—O2ERE. AVEZOBHEZ—ILRTHS. LU XITBIAILESI3.50
ZRBZEHTHEAL. LOXZNL, BERTERL,
ABERAFICEYLVADERBERET L. TNICEDNEREERT D, ER
R XERTESEMNEFLL, BEZ—ILRITRY)—2ELTRWS, XE(E
IS BN E,

LAR—hTIEERDBIE, = . FEER (Bm) . JEERE (1mLELA) TOEMEDHRF
BEZREHT D,

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).

Toilet paper cores K\ 4\
Reading glass bought ata10014

White plastic bag




Focus-adjustable camera

Distant sight

Room light




