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RANSAC: Random Sample Consensus




Fundamental Matrix Computation:
Linear Least Squares
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Recall: Line Fitting (Ax=Db)

101

Data
— Ground truth
— Least squares




Outlier

12 .
* Data
1ol —— Ground truth
— Least squares
8_
6_
Outlier
4 SR
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Perpendicular distance

Quadratic magnification of error of outliers

Line fitting error:
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S~ —E :|eXi +Hy, +g|

Perpendicular distance

Qutlier rejection strategy:

To find the best line that explanes the maximum number
of points.

N
V.

* Outlier




% — & :|eXi +fy, +g|

Perpendicular distance

Qutlier rejection strategy:

To find the best line that explanes the maximum number
of points.

S Outlier  Assumptions:
1. Majority of good samples agree with the underlying model
(good apples are same and simple.).

2. Bad samples does not consistently agree with a single model
(all bad apples are different and complicated.).
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RANSAC: Random Sample Consensus



1. Random sampling
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RANSAC: Random Sample Consensus
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RANSAC: Random Sample Consensus



° o 1. Random sampling
2. Model building

ch . 3. Thresholding
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RANSAC: Random Sample Consensus
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# of inliers: 7

RANSAC: Random Sample Consensus

1. Random sampling
2. Model building
3. Thresholding

4. Inlier counting
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RANSAC: Random Sample Consensus

1. Random sampling
2. Model building
3. Thresholding

4. Inlier counting
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RANSAC: Random Sample Consensus

1. Random sampling
2. Model building
3. Thresholding

4. Inlier counting
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RANSAC: Random Sample Consensus

1. Random sampling
2. Model building
3. Thresholding

4. Inlier counting
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# of inliers: 10

RANSAC: Random Sample Consensus

1. Random sampling
2. Model building
3. Thresholding

4. Inlier counting
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RANSAC: Random Sample Consensus

1. Random sampling
2. Model building
3. Thresholding

4. Inlier counting
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RANSAC: Random Sample Consensus

1. Random sampling
2. Model building
3. Thresholding

4. Inlier counting
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RANSAC: Random Sample Consensus

1. Random sampling
2. Model building
3. Thresholding

4. Inlier counting



,. 1. Random sampling
2. Model building
3. Thresholding

. 4. Inlier counting

°
°
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# of inliers: 23
Maximum number of inliers

RANSAC: Random Sample Consensus
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Required number of iterations with p success rate:
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Probability of choosing an inlier:

Required number of iterations with p success rate:

_ #ofinliers
# of samples




o Required number of iterations with p success rate:

\ 4

# of inlier
Probability of choosing an inlier: W = OTintiers
# of samples

Probability of building a correct model: W" where n is the number of samples to build a model.



. . Required number of iterations with p success rate:
([ J
([ J
. . . # of inliers
Probability of choosing an inlier: W =

~ #of samples

Probability of building a correct model: W" where n is the number of samples to build a model.

k
Probability of not building a correct model during K iterations: (1—Wn )



oy Required number of iterations with p success rate:
([ J
([ J
. . . # of inliers
Probability of choosing an inlier: W =
# of samples

Probability of building a correct model: W" where n is the number of samples to build a model.

k
Probability of not building a correct model during k iterations: (1—Wn ) | ( 1 )
0gLL-p

- log(1-w")

k
(1—Wn ) =1-p where p is desired RANSAC success rate. k



o.. Required number of iterations with p success rate;
el log(1- #of inliers
y .~ & ° k = g( p) where W =
|og<1-wn) # of samples
# of inlier
Probability of choosing an inlier: W = OTIMIET
# of samples

Probability of building a correct model: W" where n is the number of samples to build a model.

k
Probability of not building a correct model during k iterations: (1—Wn ) | ( 1 )
0gLL-p

- log(1-w")

k
(1—Wn ) =1-p where p is desired RANSAC success rate. k
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function RANSAC line

a=1;
b=1

7

nPoints = 100;
x = rand(nPoints,1)-0.5;
y=a*x+b+0.2*randn(nPoints,1);

Generating samples
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0.5

-1.5

1.5

function RANSAC line

I

a=1
b=1;

nPoints = 100;
x = rand(nPoints,1)-0.5;
y=a*x+b+0.2*randn(nPoints,1);

nRansaclter = 500;
threshold =0.1;
max_nlnliers = 0;
fori=1:nRansaclter
r = randperm(nPoints);
s1=[x(r(1)); y(r(1)); 11;
s2 = [x(r(2)); y(r(2)); 11;

Generating samples

Random sampling
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0.5

-1.5

function RANSAC line

I

1
1,

a
b

nPoints = 100;
x = rand(nPoints,1)-0.5;
y=a*x+b+0.2*randn(nPoints,1);

nRansaclter = 500;
threshold =0.1;
max_nlnliers = 0;
fori=1:nRansaclter
r = randperm(nPoints);
s1=[x(r(1)); y(r(1)); 11;
s2 = [x(r(2)); y(r(2)); 11;

| = GetLineFromTwoPoints(s1, s2);

Generating samples

Random sampling

Model building



1.5

0.5

function RANSAC line

1
1.

a
b

7

nPoints = 100;

x = rand(nPoints,1)-0.5;

y=a*x+b+0.2*randn(nPoints,1);

nRansaclter = 500;
threshold =0.1;
max_nlnliers = 0;
fori=1:nRansaclter
r = randperm(nPoints);
s1=[x(r(1)); y(r(1)); 11;
s2 = [x(r(2)); y(r(2)); 11;

| = GetLineFromTwoPoints(s1, s2);

ninliers = 0;
forj=1:nPoints

e =abs(I' * [x(j); y(j); 1])/norm(I(1:2));

if (e < threshold)
ninliers = ninliers + 1;
end
end

Generating samples

Random sampling

Model building

Thresholding
Inlier counting



1.5

0.5

function RANSAC line

1
1

a
b

7

nPoints = 100;
x = rand(nPoints,1)-0.5;
y=a*x+b+0.2*randn(nPoints,1);

nRansaclter = 500;
threshold =0.1;
max_nlnliers = 0;
fori=1:nRansaclter
r = randperm(nPoints);
s1=[x(r(1)); y(r(1)); 11;
s2 = [x(r(2)); y(r(2)); 11;

| = GetLineFromTwoPoints(s1, s2);

ninliers = 0;
forj=1:nPoints

e =abs(I' * [x(j); y(j); 1])/norm(I(1:2));

if (e < threshold)
ninliers = ninliers + 1;

end

end

if (nInliers > max_nlnliers)
max_nlnliers = ninliers;
L=1;

end

end

Generating samples

Random sampling

Model building

Thresholding
Inlier counting

Model updating



1.5

0.5

function RANSAC line

1
1

a
b

7

nPoints = 100;
x = rand(nPoints,1)-0.5;
y=a*x+b+0.2*randn(nPoints,1);

nRansaclter = 500;
threshold =0.1;
max_nlnliers = 0;
fori=1:nRansaclter
r = randperm(nPoints);
s1=[x(r(1)); y(r(1)); 11;
s2 = [x(r(2)); y(r(2)); 11;

| = GetLineFromTwoPoints(s1, s2);

ninliers = 0;
forj=1:nPoints

e =abs(I' * [x(j); y(j); 1])/norm(I(1:2));

if (e < threshold)
ninliers = ninliers + 1;

end

end

if (nInliers > max_nlnliers)
max_nlnliers = ninliers;
L=1;

end

end

Generating samples

Random sampling

Model building

Thresholding
Inlier counting

Model updating
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Recall: Circle Fitting (Ax=Db)

* Data point

0.5

1.5

(X0 =¢. )" +(y,—c,)’

Unkowns: C,,C,,f
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Recall: Circle Fitting (Ax=Db)

* Data point

0.5 1 1.5

2

Xy —2X,
2

X5 —2X,
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Recall: Circle Fitting (Ax=Db)

* Data point

0.5

1 1.5

2 2 2 2 .2
X —2x1 +Y,; —2y1 =

2 2 2 2 .2
X5 —2X, +y =2y, =

|

| XP=xi=2 (xi —x1)+yi2—yf—2(yi —yl) =0
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Recall: Circle Fitting (Ax=Db)

* Data point

0.5

1 1.5

X —2X, “ryi-2y,
X2 —2X Sryi=2y,

|
|

201 -x) 2%-.)

200, -x) 2y, -y.)

;.

| XP=xi=2 (xi —x1)+yi2—yf—2(yi —yl) =0

[, 2 2 2 2]
Xz _Xl +y2 _yl

2 2 2 2
_Xn — X +Y, _yl_
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Circle Fitting (Ax=Db)

* Data point

0.5

1 1.5

2 2 2 2 .2
X; —2X,C +C+Yy; —2y,C +C7 =T

2 2 2 2 .2
Xy —2X,C +Cr+Yy =2y, C +C/ =TI

|
|

Z(Xz _Xl) Z(yz _yl)
A
Z(Xn _Xl) Z(yn _yl)

x

[ 2 2 2 2
Ko =Xy +Y, =Yy

b

2 2 2
_Xn _Xl +yn _yl

| xf—xf—Zcx(xi —x1)+yi2—yf—2(yi —yl)cyzo
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Recall: Circle Fitting (Ax=Db)

\:

Data point
= = Ground truth
- Fitted circle

2 2 2 2 .2
X; —2X,C +C+Yy; —2y,C +C7 =T

2 2 2 2 .2
Xy —2X,C +Cr+Yy =2y, C +C/ =TI

|

xf—xf—Zcx(xi —x1)+yi2—yf—2(yi —yl)cy =0

|

2 -%) 2(n -,

x

[ 2 2 2 2 ]
Ko =Xy +Y, =Yy

b

2 2 2 2
_Xn _Xl +yn _yl_



Circle Fitting RANSAC

function RANSAC circle

Download RANSAC circle.m
cx=0.3; -
cy =0.5;
r=1;

theta = 0:0.1:2*pi+0.1;

theta = theta';

X = cos(theta) + cx + 0.05*randn(size(theta));
y = sin(theta) + cy + 0.05*randn(size(theta));

figure(1)

clf;

plot(x,y, 'b.");
axis equal
grid on

nRansaclter = 500;

threshold =0.1;

max_nlinliers = 0;

%% RANSAC circle

% U: Estimated center of circle
% R: Radius

Fill out this part

%%

hold on

plot(R*cos(theta)+U(1), R*sin(theta)+U(2), 'r-");
hold on

plot(U(1), U(2), 'rx");

hold on

plot(cx, cy, 'bx');



HW #4 RANSAC Fundamental matrix

Algorithm 1 GetInliersRANSAC

1: n<+ 0

2: fori=1: M do

3: Choose 8 correspondences, u, and v,, randomly from u and v.
F, = ComputeFundamentalMatrix(u,, v,)

%

5 Compute the number of inliers, n,, with respect to F.
6 if n, > n then

i N Ny

8: F=F,

9: end if

10: end for




Fundamental Matrix Computation via RANSAC
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Fundamental Matrix Computation via RANSAC
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Fundamental Matrix Computation via RANSAC
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lon via RANSAC

Fundamental Matrix Computat

# of inliers: 65 out of 260



Fundamental Matrix Computation via RANSAC
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# of inliers: 65 out of 260



Fundamental Matrix Computation via RANSAC

# of inliers: 186 out of 260



Four Camera Pose Config. From Essential Matrix
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Fit a straight line to this data
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08 1
Daniel Wedge “The RANSAC Song”




