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Simg f , Sensor size
— = Angle of view =
Sobj  Aobj focal length
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angle of view

\

subject

T o
focal Llength

LONGER focal length = NARROWER angle of view
SHORTER focal length = WIDER angle of view

https://medium.com/@biga.david/focal-length-conversion-to-pixels-for-distance-calculation-android-71a0e2e8753b
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https://www .lensartavenue.com/circle-of-confusion/
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http://www.photowriting.co.za/2019/09/confusing-circles-and-airy-disks.html
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* Trott, T.,“The Effect of Motion of Resolution”,

Photogrammetric Engineering,Vol. 26, pp. 819-827, 1960.

* Slepian, D.,“Restoration of Photographs Blurred by Image Motion”, Bell System Tech.,
Vol. 46, No. 10, pp. 2353-2362, 1967.
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Scholar

le Advsnosd Scholar Sesrch
lcamera shake ‘ Search | Scholsr Preferences
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Scholar All articles Recent articles

All Results
T Teramoto
S Enomoto

D Gray
M Hamada

A Katayama

Camera capable of correcting camera-shake - group of 2 »

H Ootsuka, T Okada, H Masumoto, M Hamada - US Patent 5,561,485, 1996 - patentstorm.us
Camera capable of correcting camera-shake - US Patent 5561485 from Patent Storm.

A camera comprises an angular velocity sensor for detecting camera-shake. ...

Cited by 26 - Related Articles - Cached - Web Search

Camera-shake preventing device - group of 2 »

K Imafuji, N Terui - US Patent 5,337,098, 1994 - Google Patents

... when it is detected that said bat -tery has been consumed beyond a predetermined
amount, said control means starts compensation of the camera shake in response ...

Cited by 22 - Related Articles - Web Search

Camera shake correction system - group of 4 »
A Misawa, K lkari, S Ueda... - US Patent 5,041,852, 1991 - Google Patents

... Misawa et al. [il] Patent Number: [45] Date of Patent: [54] CAMERA SHAKE CORRECTION ...

FIG. 27 PRIOR ART 7B Page 23. 5,041,852 CAMERA SHAKE CORRECTION SYSTEM ...

Cited by 27 - Related Articles - Web Search

Camera capable of correcting camera-shake - group of 6 »

Results 1 - 10 of abfut 11,600 for gamera shake. (0.07 seconds)
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« TTIEHRVETR = SiEAYFER
« FFT(G) = FFT(F® H) = FFT(F) x FFT(H)

« TIEERETR = SUERIIRIE
« F=IFFT(FFT(G)+ FFT(H))

 BEMNEENER Inverse filter

s o |y,

ﬁ(u,v)

Inverse filter

|.F.T.

ftx.y)




Example

* Guassian blur

fxy) h(x.y) g(x,y)

http://www.robots.ox.ac.uk/~az/lectures/ia/lect3.pdf



http://www.robots.ox.ac.uk/~az/lectures/ia/lect3.pdf

Example

* Inverse filtering results F(u,v) = Guv) / H(u,v)

blur o = 0.5 pixels blur 6 = l.pixels blur o = 1.5pixels
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http://www.robots.ox.ac.uk/~az/lectures/ia/lect3.pdf
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* Inverse filter SRS ML D
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« Inverse filter th & KIRE
G(u,v) = H(u,v) F(u,v) + N(u,v)
ﬁ(u,v) = G(u,v) /H(u,v) = F(u,v) + N(u,v) / H(u,v)
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Fu,v)

N(u,v)
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ﬁ(u,v) = Wu,v) G(u,v)

H*(u,v)
|H(u,v)|> + K(u,v)

W(u,v) =

* [f K =0 then W(u,v) = 1/H(u,v), i.e. an inverse filter
 If K>> |H(u,v)| for large u,v, then high frequencies are attenuated

« K is set to a constant scalar which is determined empirically
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G(u,v) = H(u,v) F(u,v) + N(u,v)

N(u,v)
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Before and after corrective optics

http://en.wikipedia.org/wiki/Hubble_Space_Telescope
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EMA
* (Mathematical) Optimization

minimize  fy(x)
subject to fi(x) <0, i=1,...,m
gilx)=0, i=1....p

» x € R" is (vector) variable to be chosen
» fy is the objective function, to be minimized
» fi,...,fy are the inequality constraint functions

> g1,...,8p are the equality constraint functions

At A LAY (L &/ vita) e

J\FE{aT ) AR AT PAZR AR R EX A L 1E B) SR 3K i

https://web.stanford.edu/~boyd/cvxbook/bv_cvxbook.pdf
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RET] &£FH. 2. A=W m, EF=MTmEEA. BRMREIR, ERUFEKE
MAEBATRIGH, B8XREFR, 2. AZMres S, JESMNEZEK?

A Z A BRI R AR
A 2 3 1 100kg
B 3 3 2 120kg
7 e 407G 457 247C

max, . 40x; +45x; + 24x,

(2x1+3x24+x3<100
st3x1+3x2+2x3<120
x120,x220,x3=20
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o MEHEREITTER S —ARFRIRELHLIS (model fitting)
& @Y3 (regression)
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- RIN_3RE: w/AMEIIHI1RZE (Mean Square Error, [&FRMSE)

X = arg min Z (b; — czl.Tx)2
X .
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(bi — a; z)?

P[(ai,bi)\flﬁ] — P[bi - a?$] X €Xp — 2052
o

« PIEEMII: BUFRREL /7 PR (likelihood)
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T = argmax P|(ay1,b1)(az,b2)...|]

| Az — b3
2072
— arg min || Az — b||3

— arg max exp —
T
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# = argmin | R(x)|3
X



A 7ox|0) R1

« A |o) R ERY 2 D) RRAVRE AN —
Blan: Ax = b SHEHNTEEH

« IENIME: @RI TR AMA ALY R EERY S

< L2IEM): min|| Ax — b + A[|x]

o L21EN AT IATEXEY{E SR F-0
- 1EA: IR RNEE



L1 1E

LISEEG xlly = ) 1]
]

CLIEM: min|Ax — b2 + Al|x]),

o LIEMAT A xS

:

p
N




ERESERE

« IFE{E (Inlier) : JHERE/IREFRIZNEIES
« BE2H{E (Outlier) @ NMmERE/IZFFRIZKNEIZFR

wl” . 1 ‘ l , . outlier




BEHE

- BRHER L&/ REIXRN




BEHE

s At ABRHER LR/ REVIRIN
* MSE (FHIRZE) SHREFAMIEL
- REHEZMEX

A= O = i




SE(GIT

« YMoIfRMR B EHERIND?
- BEMBEmREEIEMSE, BFEXN EEEENES
« FIROLISEER . Huberpd %K

4
==+ L1loss
= ., = 1IL2loss
.Q IN / .
E S, ===+ Huber loss y.
= ' o’
.‘:N_: 9] ‘\ I'
=~
¥ 5%
)
ey
1
( |}
0 >

X B AR E—ARFR D S 1 R X



RANSAC

c[RTERERLY, AEEMGEEEHENSE
« RANSAC: Random Sample Concensus
- BalR'E AN IEEEHEN A
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Robert Collins
CSEA486, Penn State

Ransac Procedure

Count =4
Count=06
Count =19
Count=13
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* Recap: —H &R

sonal [1]3]5]13]7]1]3]8l6l4
Filter

1x(1/4) + 3x(1/2) + 5x(1/4) = 3

Result
H-"EEEEEEEE
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* Recap: —4E1R

Signal IHIIIE!IIE’IIiilliilIIIIII!II!:II!!III!I
Filter IIHIIH!II!HI

3x(1/4) +5x(1/2) + 3x(1/4) = 4

Result
Cdstal 1L LML



HEEGREES

« —HEIRPIUARTIAUW NERFRZ

[E])3

[ Ay 0 e 0 0 ]
ho hy X :
hs hs e 0 0
: ha hq 0 K3
. . T2
y = hsp— h.m,l ) . hg h.l T3
hn hm-1 : h
0 A R . : z
0 0 e h‘m~l h'm~2
hm hm.fl
| 0 0 0 h
h#ToeplitzE &

s BN G =F Q HWEURERSHEMER ¢ = Fh



X 2H f# B A [ HIMSE

Slide adapted from Anat Levin
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Solution 1:
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Solution 2:

Solution |BE EEE B

Slide adapted from Anat Levin
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Removing Camera Shake from a
Single Photograph

Rob Fergus, Barun Singh, Aaron Hertzmann,
Sam T. Roweis and William T. Freeman

SIGGRAPH 2006

Massachusetts Institute of Technology
and
University of Toronto
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Output

Blur kernel




Original photograph




Blur kernel
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X =argmin ||[Ax — b||%
X
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F(xzg) > F(x1) > ... > F(zr) > ...
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* X < X %?‘Dyﬁ'ﬂ:
* while not converge
e p < descending_direction(x) %7€ FPF @

 a < descending_step(x, p) BIAEL

IRE

x —x+ap $EHT=
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« X EIRREE (X)TEX) L HIT—M Taylor RFF

F(xog+ Ax) = F(zg) + JpAx

« H5JpAx < ORY, HENESTE (AxZEE5/))
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* F(xy + Ax){af FREERE Rk
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- BiA:
* X < Xg

* while not converge

-x<—x—aJ1§
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exact line search: ¢t = argmin,_, f(x + tAx)

backtracking line search (with parameters « € (0,1/2), 8 € (0,1))

e starting at t = 1, repeat t := (5t until

flz+tAz) < f(z) + atVf(x)! Ax

e graphical interpretation: backtrack until ¢ < ¢

f(x + tAx)

@)+ V@A JE) 4tV A
t=20 to
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F(xp + Ax) ~ F(x) + JrpAx + iAxTHFA:C

« RERFR/NMEF(x, + Ax)B9AX

- RIETREAME (FiF)
Ax =—H;'J!
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JhpJrAx + JER(x) =0

* &L NESE:

Ax = — (JiJp) ' TER(x)
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Levenberg-Marquardt

o« LMIEIBI TN B AN 2

Ax = — (JyJg + ADT UL R(x)

CHFREA> 0, JLJ,+ A—EREED



Levenberg-Marquardt

Ax = — (JgJg + AD™JER(x,)
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e« 1 = 0 : Gauss-Newton %
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