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1. Odhad parametrů epipolární geometrie z korespondencí (viz. TZ)
2. Osmibodový a sedmibodový algoritmus.
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Mame y^T*F*x = 0, kdyz si to cele roznasobime a F prevedeme na dlouhy vektor f 9x1, takze dostaneme D*f = 0
D, protoze nemuzeme dosahnout toho, ze Df = 0 kvuli chybam, tak se snazime chybu alespon minimalizovat
f* = argmin |Df|^2, coz se resi metodou nejmensich ctvercu (tedy pomoci SVD, jejiz resenim je vektor, ktery je vysledkem nejmensich ctvercu).
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Tady ukazují, jak SVD resi ten problem (dost hard-core)
[U D V] = svd(D)
f = V(:,end)

tady on ale dela: [U D] = svd(D^T * D) neboli [U D] = svd(Q), f = U(:,end)
vyzkousel jsem to v matlabu :) a vychazi to uplne stejne
mimochodem v nejmensich ctvercich je ve vzorci: (D' * D)^-1 * ..., takze je tam taky D' * D takze proto to asi funguje.. ma to nejakou souvislost.
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Timhle postupem dostaneme F s rankem 3, jenze F musi mit rank 2, aby se to zlepsilo tak se dela 7-point alg., takze nejen pro zrychleni ! ale taky pro nalezeni F s rankem 2, coz je presnejsi (ale 8-point alg. najde F s rankem 3 !!!), pak uz tam neni nic zajimaveho... proste ze jsou degenerovane pripady a tak. tak dal
takze chce to F* ktery ma rank = 2 a pritom je nejblizsi k F
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Ten vztah dole je celkem jasnej, F* je takove, pro ktere je ta chyba minimalni a chyba je soucet ctvercu vzdalenosti.
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Takze x1, x2, y1 a y2 - souradnice projekci nacpeme do jednoho 4D vektoru, plati-li epipolarni geom. tak tyto 4D body musi lezet na nejakem v (manifold - asi varieta), najdeme nejblizsi 4D bod X' ktery lezi na variete a je nejblize k X.
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Zde tu je taky ten vzorec v trochu jine forme, jacobian je nejaka matice parcialnich derivaci, ale nevim jak to tam presne funguje, ale dokonce tam i vynucuji, aby rank F = 2.
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Takze tady je postup ve 3 bodech:
1) najdeme F0 pomoci SVD - svd(D) a posledni sloupec z V
2) najdeme F0* s rankem 2 nejblizsi k F0 pomoci SVD
3) smysl je takovy, ze svd rozlozi na: rotace * scale * rotace, scale matice je diagonalni, obsahuje tedy 3 cisla na diagonalach, co cislo to jakeho zvetseni dosahneme na dane ose, chceme-li aby hodnost F byla 2, tak potrebujeme aby hodnost teto scale matice S byla 2, matice S ma take na diagonale cisla serazena od nejvetsiho po nejmensi
takze na pozici S(3,3) je nejake malinke cislo, kdyz toto cislo vynulujeme, tak dostaneme nejblizsi reseni s rankem 2
takze oni tady na str. 56 v tom vzorci, si svd rozepsali na sigma u a v a vsimni si, ze maji jen sigma1 a sigma2, sigma3 uvazuji jako nulove, takze to je oprava F*, aby mela rank 2, po oprave F0* na rank 2 se
3) F0* vylepsi sampsonovym errorem a znova se dela 2)
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Takze hledame inliery, to je asi celkem jasny, proste hledame nejvetsi mnozinu korespondenci (nejvetsi pocet inlieru ty zlute body jsou inliery) tedy spravné korespondence, které vyhovuji modelu, takze cely tenhle problem je zapsan tim vztahem dole v rohu, hledame max M a nejlepsi F, pro ruzna X,Y a jejich deskriptory D.
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Takze v = e^2 - tedy parabola, jenze, co kdyz je nejakej bod proste porucha a je hodne daleko, zbytecne mi dobry model bude kazit, protoze pricte velikou chybu, tak radeji pouziju zelenou robust energy, kdyz je e prilis vysoke, tak ta chyba kterou pricte bude temer konstantni, takze nejaky hodne vzdaleny bod mi to nemuze prislis pokazit
no a my jsme delali aproximaci nejakeho ML estimatoru.. jestli si dobre pamatuju, tak se to jmenovalo, coz je neco velmi podobneho te zelene krivce. t je tedy nejaka konstanta, proto je zelena krivka robustnejsi, ze ji nemohou nejake poruchy vzdalene rozhodit, jinak ty vztahy jsou slozity docela.. premyslim, kterej z nich by popisoval tu zelenou, ta 8. 
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Cil - vygenerovat nahodne samples podle nejake pravdepodobnosti, podle pravdepodobnost p(S) vygenerovat vzorky S je slozite, proto se to dela pres pravdepodobnost q(S|Si), vyuziva se markov-chain
generuju posloupnost ruznych tech 3 prvku a nachazim se vzdycky v nejakem stavu a s urcitou pravdepodobnosti vygeneruju neco a prejdu do jineho stavu
staci jen vedet, ze se pohybujes mezi stavama a s urcitou pravdepodobnosti generujes nejakej  vzorek
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no takze tyhle cisla zrejme predstavuji ty pravdepodobnosti q(S|Si), prechody mezi stavama, takze aby jsi vygeneroval treba tu cervenou krivku na 72, tak si napred asi musis nejak odhadnout ty pravdepodobnosti pro prechody mezi stavama, tak zpet na 73
takze asi to chce si zapamatovat ty 4 kroky

treba jsem ve stavu Bull market, tak z 90% vygeneruju Bullmarket a zustanu v tom stavu nebo s nizsi pravd. vygeneruju neco jineho a prejdu tam, tak takhle to funguje, generuju a prechazim mezi stavama

1) jsme ve stavu Si (naposledy jsme vygenerovali vzorek Si) a s urcitou pravdepodobnosti q(S|Si) podle te sipky v grafu vygenerujeme vzorek S',
2) vypocteme si a = ... vygenerujeme u od 0 do 1,
3) vygenerujeme u od 0 do 1, 
4) pokud je u < a, pak si vygenerovany vzorek zapamatujem a prejdeme do toho stavu, kdyz ne tak nic nedelame a zustaneme ve stejnem stavu

a tady tedy generujeme ruzne matice F, podle pravdepodobnosti dane velicinami X, Y, D
u je proste nahodne cislo

misto toho aby jsi vzdycky rekl, ze prejdes do dalsiho stavu, tak tady je to upravene jeste o tu acceptance, ze pokud je nahoda < a, tak jo prejdi, pokud ne, tak zustan, S' je nove F
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Takze tady se neco dela s tou matching table, najde se par m_ij s nejvyssi pravdepodobnosti, zapamatuje se 
a odstrani z tabulky, radek a sloupec, zrejme se hledaji inliery, proste jeden bod muze s urcitou pravdepodobnosti mit korespondenci s jinymi body no a vybere se takovy s nejvyssi pravdepodobnosti a pak se tam dela lokalni optimalizace, kterou asi navrh Chum :-D

[image: ]
LO-MAPSAC jen ze dela navic tu lokalni optimalizaci. 
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Je rychlejsi, ten vzorec nahore je pocet opakovani, tak si muzes spocitat o kolik.
Dalsi vlastnost 7-point je ze umoznuje udelat, aby F mela rank 2, a o tom je dole to Procedure, takze jak jsem zjistil, obvykle F je posledni sloupec matice V u SVD, tady je ale F1 a F2 a pry to jsou dva posledni sloupce, takze skutecne F je nekde mezi temito dvema F1 a F2.
F1 a F2 tedy tvori nejakou primku a pomoci alfa se na te primce pohybuju bud bliz k F1 nebo bliz k F2, optimalni reseni je tedy nekde mezi nimi, F = a*F1 + (1-a)*F2. 

Spocita se det F, aby F mela rank 2, tak jeden radek musi byt nulovy, tudiz det F = 0, takze to plati i pro ten vyraz s alfou, a to ma nejakou souvislost s vlastnimi cisly - a protoze je to matice 3x3, tak jsou 3 vlastni cisla a proto existuji 3 reseni! (myslim, ze se na to ptali i v testu).
No jasně, det F = 0, determinant se pocita jako nasobeni po diagonale a protoze je to 3x3 tak dostaneme kubickou rovnici, ktera se rovna nule a ta ma 3 koreny, a na ty diagonále budou ty vlastní čísla lambdy.


3. Metoda vyrovnání svazku (Bundle Adjustment, viz 16)
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> Sampson Error

An clegant method for solving problems like (2):
o we will get rd of the latent parameters [H&Z, p. 287], [Sampson 82]
 we wil recycle the algebraic error

Observations:
 correspondences & < i satisfy D(%;,§:)

0, i = (z1,22), ¥i

i, 12)

D(%:.¥) = [z Zaye @a Taya Toye Te ya ye 1],  DERY

o this is a manifold Viz € RY, which is a set of points X = (z1, 2, Y1, 2)
« let X, be the closest point on Vy; to measurement X,, then

K= Ri[2 = (or—tir )+ (mia—i2) "+ (gir—0) *+ (via—ia)? = P (s, %)+ (y2,5:) < 62

which is what we need in (2)

(i1, @2, yir, Yio)

Sampson’s idea: Linearize &,(X

D(X,)f at X, and estimate 3, with it
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> Sampson’s Idea
Linearize &;(X;) = D(X,)f at X; per corresp. and estimate &; with it have: &, vant: 5

0=D(X)f ~ n(x.)n%;‘:)f Ri—X) =& +3:6

—_ NI
Eg i RO
We look for (singl correspondence X,)

ugn'lsin"a."? subject to &, +J;8, =0

which gives
8 =—3](@3a]) s
1857 = ] (330 es

if the error & was true distance from Vi the
note that J; is not nvercible! surface would be 2 cone, the fine would be
tangent to Vyy and the soluton would be exact

® derive 5;
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> Sampson Error: Result

The fundamental matrix estimation problem becomes

x
f':argm[inz:r(l‘]])"s ei=ei(f), Ji=Ji(f), st rankF=2
lf)
Sampson
& =D(X,)f =y/Fx. e eR algebraic error from Slide 54
LG 14
e =55, J; € R derivatives over point coordinates

€ €R' Sampson error 35 on Siide 60

10 0
0 1 0]

af) =€l (33]) e =

wil
s

o automatically copes with multiplicative factors F +— AF
o so far, we have ignored constraints on F
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> The Polished 8-Point Algorithm

Given a set {(:,:)

of k > § correspondences, estimate fundamental matrix F.

1. Find the normalized (Slide 57) SVD solution Fo (Slide 54)
2. Find then closest rank-2 matrix F; using SVD (Slide 56)

3. Improve the Fy using the LM optimization (Slides 62-63) and the Sampson error
(Slides 64-65), reinforce rank-2 Fy, after each LM iteration using SVD (Slide 56)
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» The Full Problem of Matching and Fundamental Matrix Estimation

Problem: Given two sets of image points X = {z,}72, and ¥ = {y;}7_, and their
descriptors D), find
1. the largest subsets Sx € X, Sy €Y
2. one-to-one matching M : Sx — Sy
3. the best estimate for the fundamental matrix F such that rank F =2
4. such that for each z; € Sx and y; = M (z;)
2. the image descriptor D(;) is similar to D(y), and
b. the total Sampson error 3, ¢3(F) is small note a slight change in notaton: .5

M ¥
123456738

H

o binary matching table M € {0, 1} of fxed size m x
o each row/column contains at most one unity (M*,F*) = argmaxp(M, F | X,Y, D)
o zero rows/columns correspond to unmatched point . /y; &
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> Robust Energy (Error) Function
Energy: V() = — logp(z)
Simplification of the likelihood term (s) for simpliciy, we negleced di;

TS

=y

V(X.Y,D|F

by neglecting A, we have

V(X,Y,D\F):Xm:i:flug( JhTﬂ) ®)
1

red — the usual (non-robust) error, when ¢ = 0

blue — the rejected correspondence penalty ¢
green — ‘robust energy’ (8)

« if the error of a correspondence exceeds 3 limit, it is ignored
« t controls the ‘turn-off point
o the Inller/outlir threshold is

& = —actlogt ©
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>

Goal: Generate a sequence of random samples {5} from p(S)

Here § = F and p(S) = p(F | X.Y. D)
+ one cannot generate from p(S) directly (too difficult) P(S) targe disribution
« but one can from another probability function 4(S) (S) proposal disrbution

Sampling procedure

1. given 5, generate random sample S' from g(S | S)
@ may use some information from S (Hastings)
2. compute acceptance probability the evidence term drops out

2S) a(Si]S)
P(S) a(S']S))

3. generate random number u from uni

interval uniform distribution Us, 1

4 ifu<athen Sisy =8 else Sy =5,

inding the mode

» remember the best sample fast implementation but must vt long t0 hit the mode
« use simulated annealing very slow

o start local optimization from the best sample  a good trade.off between speed and accuracy
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Bull Market

Recession
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> Connection to RANSAC and Its Variants

Four ideas: [Fischler, Bolles 1981]
1. proposal distribution is given by the empirical distribution of data sample:

« pairs of paints define lin distribution from p(n | X) (Ieft)

g o comespondenceupes drawn oy ropse samples

3 of F from a distribution q(F | X.Y)
2. do not work with all m,; but with only a set of tentative correspondences that form a
matching, e.g. selected by stable matching:
find a pair m,; of greatest py (d;;) and remember it
remove row i and column J from the matching table  (needs some bookkeeping and reindexing)
epeat Steps 22-20 untilthe tabe s empty
4. retum the remembered set

3. standard RANSAC replaces probal

‘maximization with consensus maximization

if we choose po, i 35 in (7), then the inle threshold er, ie.
the rtor forwhich (1 ) ps(ez) = agpuer) 15 35 n (9)

4. each time a new best sample occurs, start local optimization from inliers
or LO weighted by posterior p(m,;) [Chum et al. DAGM 2003]
LM optimization with Sampson error (and re-weighting)
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> From MH Sampling to RANSAC

as a result of the simplifications
1. independent sampling

P(S) a(S:)

P(S) 4(5)
. q uniform, then a % MAPSAC (p(S) includes the prior)
b. g dependent on descriptor similarity  PROSAC (similr pais are proposed mre often)

2. no need to remember rejected proposals

LO-MAPSAC
1. generate random sample S, from g(S)
2. repeat n-times:
2. generate random sample §' from g(S)
b if p(S) > p(St) then

i S=8
threshold-out inliers using er from (9)

i start local optimization from S and update S with the result

iv. re-estimate n using the standard formula for RANSAC termination, se Slde 79

3. output S
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» Making RANSAC (MH Sampler) Faster: The 7-Point Algorithm

P

iple: If 7 points are used, fewer proposals n are required to hit an alk-inlier sample

[T —
D) e e e s
BT o msom e

s=8 s=7
1 1
w05 __Jom w05 __Jom
05 [[ 40 ] 1200 05 205 ] o9
05 || 63.10° | 15.10° 05 || 13.10° | 35100
09 || 1.6:10° | 4610 09 || 16107 | 46107
Procedure:
‘» Get up to 3 real solutions for F; from D = 0 as follows: by SVD or QR factorization
Fy=oF +(1- a)Fs, F,, F span the space of al slutons
det F, = det(aF, + (1 a)Fy) =0 cubic equation in o

© MH: sample F from p(F; | X.Y, D), j =1,2,3
© RANSAC: select F = argmax; 1 23 p(F; | X,Y, D) [HAZ, Sec. 11.12]

o 1 can be re-estimated during the sampling process, using the current estimate of w
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»  8-Point Algorithm for Estimating the Fundamental Matrix

Problem: Given a set {(z;,)}%, of k>  correspondences, estimate . m. F.

known: X = (21,22, 1), ¥ = (v, vi2, 1)

terminology: correspondence — truth, later: match = algorithm’s result; hypothesised corespondence
Solution:

Tuyu Iugi Tu Toyn Tode To yn Yo 1

Do | Taym on Ty empe Tmoyn vm 1) Demko
Tk Tevke Tk ThVki TiUke Tie Vi Uk 1
T 9
f=[fu fou fu ... fu] , fek
£ = argmin |DF|* this is minimum LS, see SV soution next
o for J: = § we have a rank-deficient system and the soutionis the nulkspace of D: DI
« this i 2 poor man's algorithm for estimating ' (but it is simple)
o since we minimise just an algebrac eror, the reslt may depend on image transformations
« but it gives 3 good starting point for the gold standard algorithm (Slide 64)
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> Solving Overdetermined Linear Homogeneous Equations by SVD

LetDi= [raws Tave Ta TaVa Tova T ¥ e 1] €RY
« We are looking for £ minimizing

IDf =37 IDiflF =37 6'D/Dif = £7Qf, where Q=" D/Di. QR

« We wite the SVD of Qs Q= 3" o uju]. in which

w2220 m ..;..m:{° fi#m

1 otherwise
« Then (ang ] = 1)

£ o min QL 0Qr=3"0 0w ul1=3 0, w]0°
we have 3 sum of non-negative elements, 0 < (u/ ) < 1, let £ = uo + F st f L us, then
Q=0+ o (uH > a9
« 1 0y < o, ther is 3 unique solution £* = s with resdual errr [D£]12 = 7,

the qualiy (conditioning) of the solution may be expressed as ¢ = 75/5
o [U,D] = svd(Q); F = reshape(U(:,end), [3,3] D(8,8)/D(9,9);
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> Polishing The 8-Point Algorithm and Beyond

1. F has full rank of 3
Fix F* =0y +oauav], where Y0, oyuyv{ is the SVD of F
Solution: The 7-point algorithm See Slide 79

2. degenerate cases (no fix)
‘when is F not uniquely determined from any number o correspondences? [HZ, Sec. 11.9]

« camera centers coincide Cy = Ca images are reated by homography
 all 3D points lie in a plane images relsted by homography
(but essential matri estimation can deal with planes, Side )

 both camera centers and all 3D points e on a ruled quadric — 3 slutions for F
hyperbolod of ane sheet, cones, cylinders, two planes

3. improving numerical stabiity See Side 57
4. well-defined error instead of the algebraic error See Side 64
5. dealing with mismatches See Side 67
6. stronger epipolar constraint See Slide 80
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> The Concept of Epipolar Error

Problem: Given at least & corresponding points ;  y; in a general position, estimate
fundamental matrix F such that the total squared distance to epipolar lines is minimum.

%= (@ Ta) Vo= Wi ve),  i=L2000k k=8

 detected points z;, y;
 corrected points &, i satisfy epipolar geometry exactly: .
 correction is the least possible

v
Fr= argmin Y d(xi %) + (i, 50)°

rfe} s} =

o 4k + 8 ‘parameters’ o be found: latent: x;, y;, for all i (correspondences!), non-latent: F

Oand rankF =2 (2)




