Fitting a Model to Noisy Data

Suppose we are fitting a line to a dataset that consists of 50% outliers

We can fit a line using two points

If we draw pairs of points uniformly at random, what fraction of

pairs will consist entirely of ‘good’ data points (inliers)”
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Fitting a Model to Noisy Data

Suppose we are fitting a line to a dataset that consists of 50% outliers

We can fit a line using two points

— |If we draw pairs of points uniformly at random, then about 1/4 of these pairs
will consist entirely of ‘good’ data points (inliers)

— We can identify these good pairs by noticing that a large collection of other
points lie close to the line fitted to the pair

— A better estimate of the line can be obtained by refitting the line to the points
that lie close to the line
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RANSAC (RANdom SAmple Consensus)

1. Randomly choose minimal subset of data points necessary to fit model (a
sample)

2. Points within some distance threshold, t, of model are a consensus set.
Size of consensus set Is model’s support

3. Repeat for N samples; model with biggest support is most robust fit
— Points within distance t of best model are inliers
— kit final model to all inliers

Slide Credit: Christopher Rasmussen
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RANSAC (RANdom SAmple Consensus)

1. Randomly choose minimal subset of data points necessary to fit model (a
sample)

2. Points within some distance threshold, t, of model are a consensus set.
Size of consensus set Is model’s support

3. Repeat for N samples; model with biggest support is most robust fit
— Points within distance t of best model are inliers
— kit final model to all inliers

RANSAC is very useful for variety of applications

Slide Credit: Christopher Rasmussen
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RANSAC (RANdom SAmple Consensus)

1. Randomly choose minimal subset of data points necessary to fit model (a
sample)

Fitting a Line: 2 points

2. Points within some distance threshold, t, of model are a consensus set.
Size of consensus set Is model’s support

3. Repeat for N samples; model with biggest support is most robust fit
— Points within distance t of best model are inliers
— kit final model to all inliers

Slide Credit: Christopher Rasmussen
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Example 1: Fitting a Line

Figure Credit: Hartley & Zisserman
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Example 1: Fitting a Line

Figure Credit: Hartley & Zisserman

48



Example 1: Fitting a Line
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Figure Credit: Hartley & Zisserman

49



Algorithm 10.4
This was Algorithm 15.4 in Forsyth & Ponce (1st ed.)

Algorithm 15.4: RANSAC: fitting lines using random sample consensus

Determine:
n — the smallest number of points required
k. — the number of iterations required
t — the threshold used to identify a point that fits well
d — the mumber of nearby points required
to assert a model fits well
Until £ iterations have oceurred
Draw a sample of n points from the data
uniformly and at random
Fit to that set of n points
For each data point outside the sample
Test the distance from the point to the line
against £; if the distance from the point to the line
is less than £, the point is close
end
If there are d or more points close to the line
then there is a good fit. Refit the line using all
these points.
endd
Use the best fit from this collection. using the
fitting error as a criterion

RANSAC: Fitting Lines Using Random Sample Consensus
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RANSAC: How many samples?

Let w be the fraction of inliers (1.e., points on line)

Let n be the number of points needed to define hypothesis
(n = 2 for a line in the plane)

Suppose k samples are chosen

The probabillity that a single sample of n points is correct (all inliers) is
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RANSAC: How many samples?

Let w be the fraction of inliers (1.e., points on line)

Let n be the number of points needed to define hypothesis
(n = 2 for a line in the plane)

Suppose k samples are chosen

The probabillity that a single sample of n points is correct (all inliers) is

wn

The probabillity that all £ samples fail is
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RANSAC: How many samples?

Let w be the fraction of inliers (1.e., points on line)

Let n be the number of points needed to define hypothesis
(n = 2 for a line in the plane)

Suppose k samples are chosen

The probability that a single sample of n points is correct (all inliers) Is

wn

The probabillity that all £ samples fail is
(1 —w™)"
Choose k large enough (to keep this below a target failure rate)
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RANSAC: kK Samples Chosen (p = 0.99)

Sample
s1ze

N S% 10% 20% 25% 30% 40% 50%

Proportion of outhiers

Figure Credit: Hartley & Zisserman
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After RANSAC

RANSAC divides data into inliers and outliers and yields estimate computed
from minimal set of inliers

Improve this initial estimate with estimation over all inliers (e.g., with standard
least-squares minimization)

But this may change inliers, so alternate fitting with re-classification as inlier/
outlier
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Example 2: Fitting a Line

4 points

Figure Credit: Hartley & Zisserman
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Example 2: Fitting a Line

10 points

Figure Credit: Hartley & Zisserman
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