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The Problem: Definition of Pendulum Angle 

x

<latexit sha1_base64="oFge+sAq+ywcKHePIePHwSUD0JM="></latexit><latexit sha1_base64="8Qzt2+y04boPKnW8x9C1qgCr3X4="></latexit><latexit sha1_base64="8Qzt2+y04boPKnW8x9C1qgCr3X4="></latexit><latexit sha1_base64="R4fryOHUFpwoFYEWUQH0pGDlWjU="></latexit>

y
<latexit sha1_base64="xKn7SO1zVKTdwJ0obGj2WpEiII4="></latexit><latexit sha1_base64="Mw29lhQOTZimep2s3X+yfHEDTOU="></latexit><latexit sha1_base64="Mw29lhQOTZimep2s3X+yfHEDTOU="></latexit><latexit sha1_base64="zIPGonXmtQYbyMybYc2drnAQEUM="></latexit>

g
<latexit sha1_base64="pzHplW0Z9tZMVOsQR9tAbYfl6qo="></latexit><latexit sha1_base64="9GcjBgcHfvxHpLkVgZpgdgZYCEI="></latexit><latexit sha1_base64="9GcjBgcHfvxHpLkVgZpgdgZYCEI="></latexit><latexit sha1_base64="Udy9S+eMLBE916E7wMjReD7Zowo="></latexit>

I
<latexit sha1_base64="Y7+cexALYwMEFm5Ixe/7z03IOsI="></latexit><latexit sha1_base64="Ii7fnqmEA5k3KZWKjXMfZi3iSfY="></latexit><latexit sha1_base64="Ii7fnqmEA5k3KZWKjXMfZi3iSfY="></latexit><latexit sha1_base64="3KpbY8M8MD7DCZT/oOVnv5rJX8A="></latexit>

f
<latexit sha1_base64="PyZ/TRhblmfNP6Oaq1QVLFhmX58="></latexit><latexit sha1_base64="66suApkRXrMynAsk9/NE/LaxztI="></latexit><latexit sha1_base64="66suApkRXrMynAsk9/NE/LaxztI="></latexit><latexit sha1_base64="zih3B29zcCMFFieHPoaMxHxz4Lk="></latexit>

m
x

<latexit sha1_base64="g4EB5rVtGMyprP7OR8Z+rmqnwRg="></latexit><latexit sha1_base64="pQDgilUoTwVCPkMvbtRf5VckEFA="></latexit><latexit sha1_base64="pQDgilUoTwVCPkMvbtRf5VckEFA="></latexit><latexit sha1_base64="u0Xt9p7lC1rCeQDiHBcxYgyW8DA="></latexit>

I around the CoM
of the pendulum 

m✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓
<latexit sha1_base64="MmLgCmxWZ8ev+3iessedmwxp+nE="></latexit><latexit sha1_base64="pa+ni+DsQbOJq8Gbdnbf7eJDYSM="></latexit><latexit sha1_base64="pa+ni+DsQbOJq8Gbdnbf7eJDYSM="></latexit><latexit sha1_base64="5CsmxDbDInG8yPnWWf31N00Mr7Y="></latexit>

If we input a positive force, the CoM of pendulum 
moves the negative rotational direction of the angle 

✓̇ < 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

For stabilize the 
system, we put the 
following input 

f = �{Kp(r � ✓)�Kv ✓̇}
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

F (s) = �{Kp(R(s)�⇥(s))� sKv
˙⇥(s)}

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= �Kp(R(s)�⇥(s)) + sKv
˙⇥(s)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Why Is Python Correct?  

f = �{Kp(r � ✓)�Kv ✓̇}
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

F (s) = �{Kp(R(s)�⇥(s))� sKv
˙⇥(s)}

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= �Kp(R(s)�⇥(s)) + sKv
˙⇥(s)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

F = M(✓)✓̈ + h(✓, ✓̇) + g(✓)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

F = [f, 0]T ,✓ = [x, ✓]T
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Revised version of the python code 

✓̈ = �M(✓)�1{h(✓, ✓̇) + g(✓)� F }
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



I will upload the Stability Analysis for IP soon!!!


