
eiquadprog solves problems of the form

min
x

1

2
xTQx+ qTx (55)

s.t. Aeqx+ beq = 0

Aineqx+ bineq � 0

How to write the QP? we can start by writing the contact force as

�̄ = �avg|{z}
3.nactive⇥1

�
1

�t
D|{z}

3.nactive⇥6.nactive

Z �t

0
e⌧Ad⌧

| {z }
6.nactive⇥6.nactive


�t
2 I
I

�

| {z }
6.nactive⇥3.nactive

˙̄p0|{z}
3.nactive⇥1

�̄ = �avg|{z}
3.nactive⇥1

� Ā|{z}
3.nactive⇥3.nactive

˙̄p0|{z}
3.nactive⇥1

where �avg is defined as

�avg =
1

�t
D

Z �t

0
x (⌧) d⌧ +Kp0 (56)

To approximate the friction cone by an inner 4-sided pyramid, let µ̃ = µ/
p
2

where µ is the coe�cient of friction, then the constraints can be written as

�̄i.n̂i � 0 (57)

�µ̃
�
�̄i.n̂i

�
 �̄i.t̂ai  µ̃

�
�̄i.n̂i

�
(58)

�µ̃
�
�̄i.n̂i

�
 �̄i.t̂bi  µ̃

�
�̄i.n̂i

�
(59)

let n̂ is matrix containing all the normal vectors to all the active contacts
and written as

n̂T =

2

64
n̂T
1 0 0

0
. . . 0

0 0 n̂T
nactive

3

75

| {z }
nactive⇥3.nactive

(60)

Similarly define the matrices t̂Ta and t̂Tb . Then, rewrite the inequalities to
match the solver notation
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n̂T �̄ � 0 (61)

t̂Ta �̄+ µ̃n̂T �̄ � 0 (62)

�t̂Ta �̄+ µ̃n̂T �̄ � 0 (63)

t̂Tb �̄+ µ̃n̂T �̄ � 0 (64)

�t̂Tb �̄+ µ̃n̂T �̄ � 0 (65)

We have to write the constraints in terms of ˙̄p0. Expand and regroup the
constraints above to get

�n̂T Ā ˙̄p0 + n̂T�avg � 0 (66)

�
�
µ̃n̂T + t̂Ta

�
Ā ˙̄p0 +

�
µ̃n̂T + t̂Ta

�
�avg � 0 (67)

�
�
µ̃n̂T

� t̂Ta
�
Ā ˙̄p0 +

�
µ̃n̂T

� t̂Ta
�
�avg � 0 (68)

�
�
µ̃n̂T + t̂Tb

�
Ā ˙̄p0 +

�
µ̃n̂T + t̂Tb

�
�avg � 0 (69)

�
�
µ̃n̂T

� t̂Tb
�
Ā ˙̄p0 +

�
µ̃n̂T

� t̂Tb
�
�avg � 0 (70)

then we can construct the inequality matrix and vector Aineq and bineq as
follows

Aineq =

2

66664

�n̂T

�
�
µ̃n̂T + t̂Ta

�

�
�
µ̃n̂T

� t̂Ta
�

�
�
µ̃n̂T + t̂Tb

�

�
�
µ̃n̂T

� t̂Tb
�

3

77775
Ā (71)

bineq =

2

66664

n̂T
�
µ̃n̂T + t̂Ta

�
�
µ̃n̂T

� t̂Ta
�

�
µ̃n̂T + t̂Tb

�
�
µ̃n̂T

� t̂Tb
�

3

77775
�avg (72)

14


	Probability Basics
	Moment Generating Functions
	Ito's Lemma

	control basics
	The Laplace Transform

	Expectation of exponential of quadratic forms
	Literature & Insights
	Impedance Control for Locomotion and Contact
	Basic DDP like Control
	Note on Levenberg-Marquardt Method
	Linear Quadratic Gaussians
	Risk Sensitive
	Iterative Risk Sensitive
	A Unifying Framework - Dvijotham & Todorov
	Kullback-Leibler Divergence
	Risk Sensitive MDPs
	Rényi Divergence

	Fast and Accurate Simulation


