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The Visual Microphone: Passive Recovery of Sound from Video
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Outline of the lecture

AREHEIF %~ Measuring Human
#H%E . ~Human Vision System
BELT 2T~ Visual Sensing

#HE T+ XTI LA~ Visual Display

EE . BE 42471 —X . Auditory Interface
fihe il B 27 x—X Tactile Interface
HE. WA R TT—X . Haptic Interface
BERE (47— X .~ Locomotion Interface

© N UMD R

TODAY’s TOPIC

- SO EHMEBasics of Optics
o JFFRF . Optical Elements
« BRFTAA—2% ~ 3D Image Sensing

Structure of a Camera

* Lens

* Iris

* Shutter
e Film
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L>X /Lens

» Convex Lens

» Concave Lens

1

ML XDRE Convex Lens Principles

* Rulel:Ray that runs parallel to the lens axis

passes through focal point.
T 2f
2f f , {‘3

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

2f f
4 J
;f’ v f 2f

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

%2{%.Real Image

* The rays really comes out from the image.

st NI
— + + fre2f:

2f T N Image > Object

2f:

H i k .
V\ Image =Object
.
f 2f O .
2 f

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

EBRERE

ML XD EE,~Concave Lens Principles

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



http://www.youtube.com/watch?v=1rzT1uDltRE
http://www.youtube.com/watch?v=amwjPDOw9uc
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& & h
What is Image?

94X/ 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 EETIEAL
Do you really understand refraction IMAGE?

reflection

. Seems shallower!!
~

at

=i

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

94X/ Quiz

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

LA LHIN L’

94X Mibhh 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”

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

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

Ry
\

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. ’} @

MEHR IS Y HRME

Misunderstanding of refraction phenomenon.

reflection

reflaction

(7
L

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

IMAGE should emit rays to any

directions, like real object .

T3 LI REHEIZERFELTLDEM ?
Do you really understand reflection IMAGE?

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

m}/\:ﬁ vaB m-"""’i’:w

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”

TEIZ—OFM:thDaTgeMEE ?
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”.

AR NN

AASN

&M 5. Elliptic Mirror

®Generates Real Image
®Used in oven at space,
to melt metals and make alloys
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W eh E$&. Hyperbolic Mirror
*Generates Virtual Image.

Flat mirror is the special case of Hyperbolic Mirror.
*Used for surveillance camera.

LA
(R

@S~ Parabolic Mirror
)
&l

*Converge parallel rays to a focus. } '
*Change rays from focus to parallel bearyi\

*Works like lens.

7
R

”

Lo ADM& 1IZE>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.

e, EfIy g

2f f

Virtual Image

HMDIZ ®AR$E.~HMD and Magnifying glass

% S

» Head Mounted Display

; H 1 I
. .
o T v \ \_\\
.

.
-

Purpose: change the distance from eye to the image

(5E review)$gEE - SAENFIE

Vergence-accomodation conflicts

» Accommodation & vergence
are slightly coupled.

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

Vergence

Display

Accommodation

%5 telescope
A I~
e

« Object is far away -
» Real-image by objective lens (x#IL > X)
 Converted to Virtual-image by occular lens (£#EL > X)

Q esiece

L

» MER$E.~binocular glasses
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BEMEE .~ Microscope

S Vi

» Object is close to focus of objective lens.

« FlosS—%2EESE, EERBEEEREEERD

« I5—MEERAEMND, tan TIHEEZESH

o HABEOIEBEZLRENKEV (EERAEMNFR(/IEL)
c LUX(EEFAFR) ICEoTHEMEFMAISEDTS

B RFRE ~Depth of Field BERFEE .~ Depth of Field

 BEROBSERE— DT, LD TESNTRT 5.

. £ HBREEMELLeft: Shallow ROTImEIE DTN (OB CIET O
o B 7 e S e en distance between lens and film is fixed, object distance
© B WERREHNELRight: Deep is fixed. Other objects always blur.

« LWL, REDBARBICHBITEGOLALOEE THN
B TEDI>COFRHEDCLERTREELILS.

Depth of Field=Acceptable distance

WEFRRE .~ Depth of Field WEREE OV /INIMIASDHKEE

- WERREE, 8 LR AR . LRSS R L= LN,
— Depth of field is related to aperture & focal length . WEREEEEHEL

. #&Y . Aperature (=L > X DERE ML KES/lens size)
— Large aperature = Shallower Depth of Field

— Minimum Aperature = Pinhole Camera
c SRR NORIGETAIRY

« ISLSEEARNEL

- R IERE. Focal Length
- B\ (=LA [FERW(BimEH: ARLVX)



http://www.hnsa.org/doc/firecontrol/parte.htm

2016/5/5

(BE)VBEERFE-ERDIRNIE) (BE)VHERFE-L£RDIRNE | EXH
+ Synthetic Refocusing BEHOEUR—IL (ER=DATOERH +LVEEE
. BB Sk TESEFESEBENELS HEFRTIHARLED-INEREET IR,
%Lbof(éﬁ'ﬁﬁ%rﬁm%a&')'CJuEﬁ'C%Jf’Llffﬁ H E \ “ “
0§ A\
0§ . .
j:Ell Eg mm'm ----ijV -
QD g e
|:| =

ERIZIZZHROLUXERAWND,

Imaginary film y LY XDBEISE (BRDOHAS
Sensdr 1 TREA)%. g(o)/i"JI—:/a‘/- - -

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

B8 Lytro(2012)

B & Lytro(2012)

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

B, dhE L e

Refraction factor, curvature and focal length
o BRELVADIHE DR For spherical lens

D iod) G
R R,) NRR,

o RERAEERE N:ASADREITE, RLR2:LVXDHEEE, dLVADEH
c BUOLUXTREZBERFERTIIENSZ,

* ProFUSION 25 1 ot

“\E World's First PCI Express. Cdn\em
" —

T ——



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
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What happens if N=2 ? BIR% & 4t# .~ Retro-reflector @
« N=2, R1=R2=R, d=2R&{ A o BIFE20HSRE—XIL, £AEHEIZRS A/
- HENAIRECOIEEIRSIEAETIEAL. BERILTE

1 BRERFIELD (FERREFAL. HREARSTOHHHEN
2R? R REPEERONDHY)

o —1)[Ri+RiJ— (N-’d =(2_1)(l+i]_ (-2°2R

o NR_R, R R

. BEORABRECEALE S LEERT \\\

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

AR RS # .~ Retro-reflector TODAY’s TOPIC

« SO EME Basics of Optics
« JEFEHRFOptical Elements
s BRFTAA—2% ~ 3D Image Sensing

ZTOMAASOTATRTLT LRIV X
FKALLNEREZERF /Fresnel Lens
Other optical elements for interactive system ‘
« JLRJILX Fresnel Lens )
« LyFFXa5L VX /Lenticular Lens A e o = %%;ﬂ%ﬁ?;g\)f
« JN—7T35—_/Half Mirror fifi, ﬁﬁild’ﬁﬁfﬁlﬁﬁ
+ {RF4R.~Polarization Plate o BBRFRICELME
. TSNS — AL it (R A (HA5O RO,
* RET1)L42 ./ Low-pass/High-pass/Band-pass Filter oo g;?) LISt 53
sls S . . . 2IJLET5—
« 7743,/ Optical Fiber - :>< (REIZHEE)
AUESOT AT AR =




\ S5— kIR +RE
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LYFFXa5L X/ Lenticular Lens
« MFEIFZELOXDEN
e YA4HALUXTLAD1RTHR

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

(BEI)LUFXaSLUXFERAWES1THE
Walk Navibation by Lenticular Lens

SIGGRAPNZ201]
Emerging Technologies

Weckiecn Flald™

By udluotaefam el Coundamnl

The University of Electro-Communioations

N=TIF—(E—LRT)YR-TTvI3I5—)
/Half Mirror, Beam Splitter, Magic Mirror

ERE+BFBOEHDEEERED _
- TEEELIAT
o TYRLBAT i
. BT
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TR

(BE)YN=DI5—FHW=A2259T147 AR
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CCD Bch
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o CCD Reh
phttp //wWw.youtube.cum/watch7v:c4u404ngGk
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© BIRHCCONASHFTRAMIHER 3=/ | N
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http://www.youtube.com/watch?v=K2j0iPmJXXc
http://www.youtube.com/watch?v=VSBRG1_5s2E
http://www.youtube.com/watch?v=jNv7YnnlLTI
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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{R 3R~ Polarization Plate

SE RGBT

REBHT NIRRT CRILOH83
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http://www.tdk.co.jp/techmag/knowledge/200702/index.htm
http://www.youtube.com/watch?v=Sdv0J57_U5g

TI3AIN—T4)L73

« REAROBNIZLVIRERFALE
s REFRORBENXASPILEGE

KEI1ILE

/Low-pass/High-pass/Band-pass Filter

« BBRICIDRETEDAHRELIZL
o KBRDOFZEERITT-LN

o INAIRRTAIVE(FIBELET4ILA)
— WASLU R TR,
FARTERIANSURADENDDES.

o B—RR(AVTIRR) TLINE (FHNBEBTAIVEIRTSILE)
- FOEREAICKDIRE

— KEKFIZRDIBEADLAEY . BRHNIITITES

VAT AV & 20 ]

(B&E)IRZ«4ILEZDFH

— KEKFICEDILEA DLRY . BRRHNIITIZ

- mMEEVUTICEE

(BE)FMRERAVE(BIE R ZvF /3T

o
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http://www.youtube.com/watch?v=yteBaO4Lewc
http://www.youtube.com/watch?v=Sdv0J57_U5g
http://www.tdk.co.jp/techmag/knowledge/200702/index.htm
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 774 /8.7 Optical Fiber

s I74/\Ra—7 /Fiber Scope
- RBERFHAYRDIEMEHIEFT CER
« TLEH .~ Ulexite
- XI7MDR. BROILAR
- Bundle of Optlcal Fiber. Natural

TODAY’s TOPIC

« RZFEOEKEE Basics of Optics
.+ Yt F%F .~ Optical Elements
« BRFTAA—22% 7 3D Image Sensing

3RITA A—2% /3D Image Sensing

» 3D Display requires 3D data acquisition
— JtL—4—i% . Optical Radar
— B4 LA T IS4+~ Time of Flight
— E£7JL %~ Moire Fringe Analysis
- BEZEXTL 4%~ Photometric Stereo
— YL~ Light Section
- LY X# /3%~ Shape from Focus
— 1I\WYTRTFLA % Passive Stereo
— KR E% .~ Visual Cone Intersectid

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

-

‘ = Light 4-I
— | 720

object

Sensor | Timer

E7J L% Moire Fringe Analysis

* Project stripes

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

» Depth is converted to density.

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=Yvvzw-GGP6g
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BEZEXTL A% Photometric Stereo

. Camera, Light
* Prepare 3 or more light sources. Zg *

» Object’s gradient is calculated by .il
Luminance change NN )

» Shape is calculated by
integrating gradient.

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

th;:cl

St YI# %~ 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 I
projected for fast acquisition.

g
object

Lanusie

7 slit light-source camera

Light Section Method

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

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)

NV 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

a . 1.AT BOTne EsSe

HRIAFER £~ 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

viewpointl

BREHAIERITEAAS (1) Xbox Kinect

s ARSI )ILDE#3DVEPrime Sense% B UR
— 3DV:Time of Flight =248 TiZH
— Prime Sense: D% 5 =>#HKTHERA

ll_‘.

Scnne prepctnt
by vt 8 gt

Prime Sense

Xbox Kinect(ver.1) DB &t/ s 3—>

BREHAIE B 1TEHAS (2) LeapMotion, RealSense

+ Leapmotion: RFLAETavAR
2R DOFIMENAZEFRIMRBHLEDN S
B, FOMRLEDICEBL S - F 01542
EDOFIMROASTIRFEL . EHRMREITIZED
TIDEMTOFLIENOMBELERIYHT,

+ RealSense:/$4—>70Yrsiav AR

ENAIAERITBEHINIRTEAAS

* Google Project
Tango: Time of Flight

* HTC One M8: Stereo
Camera

o OBRtL Y EDEHET

e
RE

13


http://www.youtube.com/watch?v=nvvQJxgykcU
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TODAY’s SUMMARY INT R Mini Test R[EIRAIAET

LT O£ TIZ100F LANTZE THEE & £ Answer all questions within 50 words

« Basics of OptICS . ERITDOVTEHBA & Explain real image.
— Lens . BRBISOVTEBAE & Explain virtual image
. . ¥EAEHEIZ DL TEBAH & Explain elliptic mirror
— Real Image, Virtual Image . WEESHIZ DL TEBIH & Explain hyperbolic mirror

1
2
3
S 4
— Refraction |mage’ Reflection |mage 5. MYEEEIZDLVTEBAE & Explain parabolic mirror
6
7
8
9

. e R i . WERRELKY DRRERA & Explain relationship between depth of field and aperature size
— Mirror (flat, elliptic, hyperbolic, parabolic) . BRERSHIZOLTHIEE & Explain retroreflector.
. . ILARILLU RIS 58 -
. 3D Image Sensmg FILL U XDV TERBAE & Explain fresnel lens,
— True 3D reconstruction

§ F—I= DL TELBAE & Explain half mirror
10. fRF#ARIZ DL TERBA# & Explain polarization plate
« Optical Radar, Time of Flight, Moire Fringe
Analysis, Photometric Stereo, Light Section,

11. FL—HF —KIZ DL TERBAE KExplain optical radar method

12. 84 LA T IS5/ DN TEBAE LExplain time of flight method
Shape from Focus, Passive Stereo, Visual Cone
Intersection

13. ETLAICDULVTEBAE & Explain moire fringe analysis

14. BEZERTLAERIZ DUV TEBA® & Explain photometric stereo method
15. FYIEmEIZ DU TERBAE & Explain light section method.

— Practical Approach for interactive system 16. L X #6 AEIZ DU TEHBAH & Explain shape from focus

17. 1YV T RFLAKIZ DN TELBAE & Explain passive stereo method

18. RATR XIS DLV THBAE & Explain visual cone intersection method.
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