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Coordinates with Basis
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Coordinate Transformation




Coordinate Transformation

A Coordinate change to basis{@f 1 }
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Equation of an Ellipse

A Unit circle




Equation of an Ellipse

AlIndependentellipse

:
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Equation of an Ellipse

ADependent ellipséRotated ellipse)
I Coordinatechanges
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Equation of an Ellipse

AThen, we can findl such that

y'S,'y=1 and %, =7
— 279,12 = yTus, Ty =1 (%, : similar matrix to 3, 1)

8,0 = uX¥,'u’ or

Xy = 'u,EmuT



Equation of arkllipse (Python)

import numpy as np
import matplotlib.pyplot as plt
tmatplotlib inline

theta = np.arange(0,2*np.pi,0.01)
x1 = np.cos(theta)
X2 = np.sin(theta)

plt.figure(figsize=(6,6))
plt.plot(xl, x2)
plt.xlim([-4,4])
plt.ylim([-4,4])
plt.show()
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plt.
plt.
plt.
plt.
plt.

Equation of an Ellipse (Python)

3*np.cos(theta);
np.sin(theta);

figure(figsize=(6,6))
plot(xl, x2)
xlim([-4,4])
ylim([-4,4])

show
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theta = np.arange(0,2*np.pi,0.01)

>
nmn

Equation of an Ellipse (Python)

np.array([[1/2, -np.sqrt(3)/2],

np.array([xl, x2])

np.asmatrix(u)
np.asmatrix(X)
u*X

print(u)

plt.
plt.
plt.
plt.
plt.

figure(figsize=(6,6))
plot(y[0,:].T, y[1,:].T)
x1lim([-4,4])
ylim([_4r4])

show ()

[[ 0.5 -0.8660254]
[ 0.8660254 0.5 11
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Equation of an Ellipse (Python)

Sx = np.array([[9, 01,[0, 111])
SX = np.asmatrix(Sx)
Sy = u*Sx*u.T
print(Sx)
print (Sy)
[[9 0]
[0 1]]
[r 3. 3.46410162]
[ 3.46410162 7. 11
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Question(Reversd?roblem)

AGivent (ort ), how to findd(major axis) ando(minor axis)
or

AHow to find the proper matrixo

A Eigenvectorsf +

A 0
A = SAST where § = [v; v,] eigenvector of A, and A = l ! ]

0 A
here, X, = uX u' = ulu

. i 0 a 0
where u = | x; X, | eigenvector of X£,, and A = =
[.X1 JC2] g 'y [ 0 12] [ 0 bzl
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Question(ReverseProblem)
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eigen-analysis v = ¥ —
8 Y {Eywz — \yio ylZ1 o] =21 3] 0 A
U U _}(—/
Zyu = ul

X, = uhu? = u¥ ul

Therefore

r=uly “ \/A__l
L1 T | Y1 b= \/)\2
[ ] [ ] major axis = 7,

minor axis = &
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Question(Reversd?roblem)

D, U = np.linalg.eig(Sy)

idx = np.argsort(-D)
D = D[idx]
U U[:,idx]

print (D)
print(np.diag(D))
print (U)

[ 9. 1.]
[[ 9. 0.]
[ 0. 1.]]

[[-0.5 -0.8660254]
[-0.8660254 0.5 11
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Summary

1
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Alndependentellipse in{c ho }
A Dependentellipse in{c ho }

ADecouple
I diagonalize
I eigenanalysis

L/
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StandardUnivariate Normal Distribution

Py (Y=y9) = \/;_W exp(—%yz)

1,
Ey = const — prob. contour
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Standard Univariate NormadDistribution

y = np.arange(-10,10,0.1)
ProbG = 1/np.sqrt(2*np.pi)*np.exp(-1/2*y**2)
plt.figure(figsize=(10,6))

plt.plot(y, ProbG)
plt.show()
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Standard Univariate NormadDistribution

from scipy.stats import norm
ProbG2 = norm.pdf(y)
plt.figure(figsize=(10,6))

plt.plot(y, ProbG2)
plt.show()
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Standard Univariate NormadDistribution

X = np.random.randn(5000,1)

plt.figure(figsize=(10,6))
plt.hist(x, bins=51, normed=True)
plt.plot(y, ProbG2, label='G2'")
plt.show()
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Univariate Normal distribution

AGaussian or normal distribution, 1D (mearvariance, )

o = (1120
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mu

Univariate Normal distribution

2

sigma = 3

X

np.arange(-10,

10,

0.1)

ProbG3 = 1/(np.sqrt(2*np.pi)*sigma) * np.exp(-1/2%(x-mu)**2/(sigma**2))

plt.figure(figsize=(10,6))
plt.plot(y,ProbG, label='Gl')
plt.plot(x,ProbG3, label='G3')
plt.legend()

plt.show()
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Univariate Normal distribution

ProbG2 = norm.pdf(x, 2, 3)

plt.figure(figsize=(10,6))
plt.plot(y,ProbG, label='Gl')
plt.plot(x,ProbG2, label='G2")
plt.legend()

plt.show()
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Univariate Normal distribution

X = mu + sigma*np.random.randn(5000,1)

plt.figure(figsize=(10,6))
plt.hist(x, bins=51, normed=True)
plt.plot(y,ProbG2, label='G2")
plt.ylim([0,0.4])

plt.show()

0.40

035

030 4

0.25 4

020 4

0.05 4

0.00 -

=10



Multivariate Gaussian Mdels

A Similar to a univariate case, but in a matrix form

AMultivariate Gaussian models and ellipse
i Ellipse shows constant @ f dzS X
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