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Figure 1: Cart-pendulum system

The control system equation corresponding to Σ is obtained as follows. First, solve the equations of motion with
respect to ẍ and θ̈: [

ẍ

θ̈

]
=

[
M +m ml cos θ
ml cos θ 4

3ml2

]−1 [
mlθ̇2 sin θ + u

mgl sin θ

]
.

Introduce states x = [x, ẋ, θ, θ̇]T . Then, we have a control-affine nonlinear system

ẋ =


f1(x)
f2(x)
f3(x)
f4(x)

+


g1(x)
g2(x)
g3(x)
g4(x)

u,

where f1 = x2, f3 = x4, g1 = 0, g3 = 0 and[
f2
f4

]
=

[
M +m ml cos θ
ml cos θ 4

3ml2

]−1 [
mlθ̇2 sin θ
mgl sin θ

]
,

[
g2
g4

]
=

[
M +m ml cos θ
ml cos θ 4

3ml2

]−1 [
1
0

]
.

Our equilibrium of interest is x = 0, ẋ = 0, θ = 0, θ̇ = 0, which is unstable upright position, and the linear system ΣL
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