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Convex functions:

e Secantline lies above the function
e Key: Alocal minimais a global

minima

[1] L. Blackmore, Autonomous precision landing of space rockets, The Bridge on Frontiers of Engineering, 4 (2016), pp. 15-20.



Quadratic Programs

e Program — Optimization Problem

e Convex quadratic function subject to mgn %xTQx +q'z
equality and inequality constraints st. Arx =10
Gx <h

e Most common class of convex optimization

problems for trajectory generation



KKT Conditions

(with inequality constraints)

e Unconstrained optimality condition: Vf =
0
o Does not work for the constrained
problem

Steps

1. Inequality to equality constraint
2. Form Lagrangian

3. Take gradient wrt x

4. Formrest of KKT conditions
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Primal Dual Interior Point Method [2]
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e Assemble the KKT conditions
into a function
o Theroots of the function F(z,s,y,2)
are the solution to the
optimization problem
e Solve with Newton iteration Newton Step:
Q 0 GT AT

[2] Vandenberghe L (2010) The cvxopt 0O Z S 0
linear and quadratic cone program

solvers. http://abel.ee.ucla.edu/ G I 0 0
cvxopt/documentation/coneprog.pdf, A 0 0 0
March 2010
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Application to Rendezvous

e Close approach trajectory of
spacecraft to ISS
e Constraints
o Trajectory constrained to an
approach cone
o Upper thrust bound

Rendezvous Trajectories




State vector
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Unconstrained Rendezvous Problem

e Timehorizon—T

. T—-1
o Number of steps to break the oo pimin ST [l
trajectory into s.t. Txy1 = Az + Buy
e Seek to minimize control effort z(0) = xo
z(T) =0

e Only constraints are dynamics and

initial and final decision



Problem 1 Problem 2
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Adding State and Input Constraints
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Problem 3
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This is not a QP but a Second Order Cone Program...




Radial (m)
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L1 vs L2 Penalties

L2 Norm Penalty

Problem 3
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Code to generate all the figures and an installation guide can be found here.
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https://github.com/govindchari/opt-rendezvous

