
ASTRODYNAMICS AND SPACE RESEARCH LABORATORY 1

Astrodynamics Software and Science
Enabling Toolkit (ASSET) Training

NESC Training – Flight Mechanics Tech. Discipline Team

Astrodynamics and Space Research Laboratory

Presenter: Aaron Houin
PI: Dr. Rohan Sood

The University of Alabama, Tuscaloosa AL



ASRL 2

Training Overview

Day 1: Introduction to ASSET's core functionality
Vector Functions - "Basic building blocks used in nearly all ASSET operations"
ODEs and Integrators - "Defining solution spaces and integrating the dynamics"
Phases - "Setting up optimization problems"
 Optimal Control Problems (OCPs) - "Configuring complex, multi-phase optimization problems"

Day 2: Using the "Astro Library" for quick astrodynamics modeling
Two-Body Problem Example
 N-Body Problem Example
CR3BP Example
 Ephemeris Pulsing Rotating Example
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Phases
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Phases: Overview

Interface for solving optimal control and boundary 
value problems
Its extensive, please read tutorial

Employs a transcription to turn dynamics into 
equality constraints

Apply additional constraints and objectives to 
specify problem

Add additional phase static parameters (e.g. 𝐬𝐬)

Presenter Notes
Presentation Notes
\begin{aligned}
    \text{Minimize:} & \quad J = \phi(\mathbf{y}_{0,f},\mathbf{s}) + \int_{t_0}^{t_f} {\psi}(\mathbf{y},\mathbf{s})\\
    \text{Subject to:} \quad&\\
    \text{Dynamics:}&\quad\quad\quad \dot{\mathbf{x}} = \mathbf{f}(\mathbf{x},t,\mathbf{u},\mathbf{p}) =\mathbf{f}(\mathbf{y})\\
    \text{Boundary:}&\quad\quad\quad \mathbf{c_b}(\mathbf{x}_{0,f},t_{0,f},\mathbf{u}_{0,f},\mathbf{p},\mathbf{s})=\mathbf{c_b}(\mathbf{y}_{0,f},\mathbf{s}) = \mathbf{0}\\
    &\quad\quad\quad \mathbf{g_b}(\mathbf{x}_{0,f},t_{0,f},\mathbf{u}_{0,f},\mathbf{p},\mathbf{s}) = \mathbf{g_b}(\mathbf{y}_{0,f},\mathbf{s})\leq \mathbf{0}\\
    \text{Path:}&\quad\quad\quad \mathbf{c_p}(\mathbf{x},t,\mathbf{u},\mathbf{p})= \mathbf{c_p}(\mathbf{y},\mathbf{s}) = \mathbf{0}\\
    &\quad\quad\quad \mathbf{g_p}(\mathbf{x},t,\mathbf{u},\mathbf{p},\mathbf{s}) =\mathbf{g_p}(\mathbf{y},\mathbf{s})\leq \mathbf{0}
\end{aligned}
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Phases: Transcriptions

Turns dynamics constraint in equality constraints

Legendre Gauss Lobatto (LGL) Collocation
Orders: 3,5,7
Most robust option, use for most problems

Adaptive central shooting scheme
Dormand Prince 8(7) method (same as integrator)
Error controlled 
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Phases: Initialization

Must specify the transcription, initial guess for trajectory, and number of segments in the phase

Internal initial guess will be interpolated 

By default, segments will be evenly spaced in time

Specify phase static params (if any) by setting their initial values
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Adding General Constraints & Objectives

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

phase.add######(PhaseRegion,Func,Vvars,Pvars,Svars)
####  = EqualCon, InequalCon, StateObjective
 Ex: phase.addEqualCon

PhaseRegion = Source location of Vvars in trajectory
Func  = An asset vector function defining constraint/objective

Vvars = indices of input state, time, control variables to input
Pvars = indices of ODE parameter variables to input
Svars = indices of phase static parameter variables to input

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝐟𝐟([𝐯𝐯𝑖𝑖 ,𝐩𝐩, 𝐬𝐬])
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Adding General Constraints & Objectives

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

phase.add######(PhaseRegion,Func,Vvars,Pvars,Svars)
####  = EqualCon, InequalCon, StateObjective
 Ex: phase.addEqualCon

PhaseRegion = Source location of Vvars in trajectory
Func  = An asset vector function defining constraint/objective

Vvars = indices of input state, time, control variables to input
Pvars = indices of ODE parameter variables to input
Svars = indices of phase static parameter variables to input

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝐟𝐟([𝐯𝐯0,𝐩𝐩, 𝐬𝐬])

“First” or “Front”
Takes variables from first state, time, 

controls in trajectory
Ex: Initial conditions
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Adding General Constraints & Objectives

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

phase.add######(PhaseRegion,Func,Vvars,Pvars,Svars)
####  = EqualCon, InequalCon, StateObjective
 Ex: phase.addEqualCon

PhaseRegion = Source location of Vvars in trajectory
Func  = An asset vector function defining constraint/objective

Vvars = indices of input state, time, control variables to input
Pvars = indices of ODE parameter variables to input
Svars = indices of phase static parameter variables to input

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝐟𝐟([𝐯𝐯𝑓𝑓,𝐩𝐩, 𝐬𝐬])

“Back” or “Last”
Takes variables from last state, time, 

controls in trajectory
Ex: Terminal conditions, objectives



ASRL 10

Adding General Constraints & Objectives

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

phase.add######(PhaseRegion,Func,Vvars,Pvars,Svars)
####  = EqualCon, InequalCon, StateObjective
 Ex: phase.addEqualCon

PhaseRegion = Source location of Vvars in trajectory
Func  = An asset vector function defining constraint/objective

Vvars = indices of input state, time, control variables to input
Pvars = indices of ODE parameter variables to input
Svars = indices of phase static parameter variables to input

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝐟𝐟 𝐯𝐯𝑖𝑖 ,𝐩𝐩, 𝐬𝐬  𝑖𝑖 = 0 …𝑓𝑓 

“Path”
Applied to every state, time, control in 

trajectory independently
Ex: Control Bounds, Keep out constraint
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Adding General Constraints & Objectives

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

phase.add######(PhaseRegion,Func,Vvars,Pvars,Svars)
####  = EqualCon, InequalCon, StateObjective
 Ex: phase.addEqualCon

PhaseRegion = Source location of Vvars in trajectory
Func  = An asset vector function defining constraint/objective

Vvars = indices of input state, time, control variables to input
Pvars = indices of ODE parameter variables to input
Svars = indices of phase static parameter variables to input

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝐟𝐟([𝐯𝐯0, 𝐯𝐯𝑓𝑓,𝐩𝐩, 𝐬𝐬])

“FrontandBack” or “FirstandLast”
Applied to first and last, time, control in 

trajectory together
Ex: Periodicity constraint, delta time 

objective
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Adding General Constraints & Objectives

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

phase.add######(PhaseRegion,Func,Vvars,Pvars,Svars)

Example: 𝐟𝐟 𝑥𝑥0, 𝑡𝑡,𝑢𝑢0, 𝑝𝑝0 = 𝟎𝟎 at first state in trajectory
phase.addEqualCon(“First”, f, [0,2,3] , [0], [] )

Example: 𝐟𝐟 𝑡𝑡, 𝑥𝑥0, 𝑠𝑠0 < 𝟎𝟎 at last state in trajectory
phase.addInequalCon(“Last”, f, [2,0] , [], [0] )

Example: 𝑚𝑚𝑚𝑚𝑚𝑚:𝑓𝑓 𝑡𝑡  at last state in trajectory
phase.addStateObjective(“Last”, f, [2] , [], [] )

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 
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Adding General Constraints & Objectives

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

Most constraints only need variables from one group
phase.add######(PhaseRegion,Func,Vvars)
Example: 𝐟𝐟 𝑥𝑥0, 𝑡𝑡,𝑢𝑢0 = 𝟎𝟎 at first state in trajectory
phase.addEqualCon(“First”, f, [0,2,3])

Example: 𝐟𝐟 𝑡𝑡, 𝑥𝑥0 < 𝟎𝟎 at last state in trajectory
phase.addInequalCon(“Last”, f, [2,0])

Example: 𝑚𝑚𝑚𝑚𝑚𝑚:𝑓𝑓 𝑡𝑡  at last state in trajectory
phase.addStateObjective(“Last”, f, [2])

Example: 𝑓𝑓 𝑝𝑝0 = 0 
phase.addEqualCon(“ODEParams”,f,[0])

Example: 𝑓𝑓 𝑠𝑠0 < 0 
phase.addEqualCon(“StaticParams”,f,[0])

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 
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Adding Integral Objectives

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

phase.addIntegralObjective(Func,Vvars,Pvars,Svars)

phase.addIntegralObjective(Func,Vvars)

Example: 𝑓𝑓 𝑥𝑥0, 𝑥𝑥1,𝑢𝑢0, 𝑠𝑠0
phase.addIntegralObjective(f,[0,1,3],[],[0])

Example: 𝑓𝑓 𝑥𝑥0,𝑢𝑢0 
phase.addIntegralObjective(f,[0,3])

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝑚𝑚𝑚𝑚𝑚𝑚:�
𝑡𝑡0

𝑡𝑡𝑓𝑓
𝑓𝑓 𝐯𝐯, 𝐬𝐬,𝐩𝐩  𝑑𝑑𝑑𝑑 
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Adding Boundary Value Constraints

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

Special type of equality constraint

phase.addBoundaryValue(PhaseRegion,Vars,Vals)

Example: 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡 = [1.5, 2.3, 0.0] at first state
 phase.addBoundaryValue(“First”,[0,1,2] , [1.5,2.3,0.0])

Example: 𝑠𝑠0 = [1.0]
phase.addBoundaryValue(“StaticParams”,[0],[1.0])

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝐟𝐟 𝐱𝐱 = 𝐱𝐱 − 𝐱𝐱𝐜𝐜 = 𝟎𝟎 
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Adding Variable Bounds

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

Special type of inequality constraints

phase.addLowerVarBound(PhaseRegion,var,lbound)

phase.addUpperVarBound(PhaseRegion,var,bound)

phase.addLUVarBound(PhaseRegion,var,lbound,ubound)

Example: 𝑡𝑡 > 0 at first state
phase.addLowerVarBound(“Front”,2,0.0)

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝑥𝑥 < 𝑢𝑢𝑏𝑏 , 𝑥𝑥 > 𝑙𝑙𝑏𝑏 , 𝑙𝑙𝑏𝑏 < 𝑥𝑥 < 𝑢𝑢𝑏𝑏
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Adding Function Bounds

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

Special type of inequality constraints

phase.addLowerFuncBound(PhaseRegion,Func, Vars,lbound)

phase.addUpperFuncBound(PhaseRegion,Func, Vars,ubound)

phase.addLUFuncBound(PhaseRegion,Func,Vars,lbound,ubound)

Example: 0 < 𝐱𝐱 < 1 at all states
 phase.addLUFuncBound(“Path”,Args(2).norm(),[0,1],0.0,1.0)

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝑓𝑓 𝐱𝐱 < 𝑢𝑢𝑏𝑏 , 𝑓𝑓(𝐱𝐱) > 𝑙𝑙𝑏𝑏 , 𝑙𝑙𝑏𝑏 < 𝑓𝑓(𝐱𝐱) < 𝑢𝑢𝑏𝑏
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Adding Norm Bounds

𝐯𝐯𝟎𝟎

𝐩𝐩, 𝐬𝐬

Special type of inequality constraints

phase.addLowerNormBound(PhaseRegion, Vars,lbound)

phase.addUpperNormBound(PhaseRegion,Vars,ubound)

phase.addLUNormBound(PhaseRegion, Vars,lbound, ubound)

Example: 0 < 𝐱𝐱 < 1 at all states
phase.addLUNormBound(“Path”,[0,1], 0.0,1.0)

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 ]

𝐯𝐯 = 𝑥𝑥0, 𝑥𝑥1, 𝑡𝑡,𝑢𝑢0 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯𝟏𝟏,…,𝐟𝐟−𝟏𝟏

𝐯𝐯𝐟𝐟

𝐢𝐢𝐩𝐩 = [0]

𝐩𝐩 = 𝑝𝑝0 

𝐢𝐢𝐬𝐬 = [0]

𝐬𝐬 = 𝑠𝑠0 

𝐱𝐱 < 𝑢𝑢𝑏𝑏 , 𝐱𝐱 > 𝑙𝑙𝑏𝑏 , 𝑙𝑙𝑏𝑏 < |𝐱𝐱| < 𝑢𝑢𝑏𝑏
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Solving and Optimizing

Invoke optimizer using phase/ocp object
phase.optimize()
 Optimize objective subject to constraints

phase.solve()
 Solve just the constraints

phase.solve_optimize()
 Calls .solve then .optimize

phase.solve_optimize_solve()
 Same as above but calls solve if optimize fails

phase.optimize_solve()
 Call optimize then solve if optimize fails

Retrieve trajectory from phase
phase.returnTraj()

All calls return a convergence flag
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Optimizer Scroll

Prints optimization progress

Color coded convergence criteria
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Optimizer Settings

Each phase has an optimizer instance as member variable
Use to modify optimizer related settings 
See PSIOPT tutorial for more details on settings
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Practical Example

Compute Low-thrust minimum mass transfer between two bodies
Bounded departure 𝑣𝑣∞: 𝐫𝐫 − 𝐫𝐫𝒅𝒅 𝑡𝑡 = 𝟎𝟎 , 𝐯𝐯 − 𝐯𝐯𝐝𝐝 𝑡𝑡 < 𝑣𝑣∞
Rendezvous with target: 𝐫𝐫 − 𝐫𝐫𝐚𝐚 𝑡𝑡 = 𝟎𝟎, 𝐯𝐯 − 𝐯𝐯𝐚𝐚 𝑡𝑡 = 𝟎𝟎
Bound Throttle Vector: 0.001 < 𝐮𝐮 < 1
Mass optimal: min:∫𝑡𝑡0

𝑡𝑡𝑓𝑓 |𝐮𝐮|𝑑𝑑𝑑𝑑

Requires:
TwoBody
TwoBodyLTODE
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Practical Example

Setup almost same as integrator example
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Practical Example

Generate initial guess using modified search
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Practical Example

Setup phase object and add constraints/objectives
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Practical Example

Setup phase object and add constraints/objectives

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 ]

𝐯𝐯 = 𝑟𝑟𝑥𝑥, 𝑟𝑟𝑦𝑦, 𝑟𝑟𝑧𝑧, 𝑣𝑣𝑥𝑥, 𝑣𝑣𝑦𝑦, 𝑣𝑣𝑧𝑧 , 𝑡𝑡,𝑢𝑢𝑥𝑥 ,𝑢𝑢𝑦𝑦, 𝑢𝑢𝑧𝑧 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐫𝐫 − 𝐫𝐫𝒅𝒅 𝑡𝑡 = 𝟎𝟎
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Practical Example

Setup phase object and add constraints/objectives

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 ]

𝐯𝐯 = 𝑟𝑟𝑥𝑥, 𝑟𝑟𝑦𝑦, 𝑟𝑟𝑧𝑧, 𝑣𝑣𝑥𝑥, 𝑣𝑣𝑦𝑦, 𝑣𝑣𝑧𝑧 , 𝑡𝑡,𝑢𝑢𝑥𝑥 ,𝑢𝑢𝑦𝑦, 𝑢𝑢𝑧𝑧 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐯𝐯 − 𝐯𝐯𝐝𝐝 𝑡𝑡 < 𝑣𝑣∞
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Practical Example

Setup phase object and add constraints/objectives

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 ]

𝐯𝐯 = 𝑟𝑟𝑥𝑥, 𝑟𝑟𝑦𝑦, 𝑟𝑟𝑧𝑧, 𝑣𝑣𝑥𝑥, 𝑣𝑣𝑦𝑦, 𝑣𝑣𝑧𝑧 , 𝑡𝑡,𝑢𝑢𝑥𝑥 ,𝑢𝑢𝑦𝑦, 𝑢𝑢𝑧𝑧 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

0.001 < 𝐮𝐮 < 1
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Practical Example

Setup phase object and add constraints/objectives

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 ]

𝐯𝐯 = 𝑟𝑟𝑥𝑥, 𝑟𝑟𝑦𝑦, 𝑟𝑟𝑧𝑧, 𝑣𝑣𝑥𝑥, 𝑣𝑣𝑦𝑦, 𝑣𝑣𝑧𝑧 , 𝑡𝑡,𝑢𝑢𝑥𝑥 ,𝑢𝑢𝑦𝑦, 𝑢𝑢𝑧𝑧 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

𝐫𝐫 − 𝐫𝐫𝐚𝐚 𝑡𝑡 = 𝟎𝟎, 𝐯𝐯 − 𝐯𝐯𝐚𝐚 𝑡𝑡 = 𝟎𝟎
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Practical Example

Setup phase object and add constraints/objectives

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 ]

𝐯𝐯 = 𝑟𝑟𝑥𝑥, 𝑟𝑟𝑦𝑦, 𝑟𝑟𝑧𝑧, 𝑣𝑣𝑥𝑥, 𝑣𝑣𝑦𝑦, 𝑣𝑣𝑧𝑧 , 𝑡𝑡,𝑢𝑢𝑥𝑥 ,𝑢𝑢𝑦𝑦, 𝑢𝑢𝑧𝑧 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]

�
𝑡𝑡0

𝑡𝑡𝑓𝑓
|𝐮𝐮|𝑑𝑑𝑑𝑑
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Practical Example

Setup phase object and add constraints/objectives

Place bounds on time to make problem well posed

𝐢𝐢𝐯𝐯 = [0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 ]

𝐯𝐯 = 𝑟𝑟𝑥𝑥, 𝑟𝑟𝑦𝑦, 𝑟𝑟𝑧𝑧, 𝑣𝑣𝑥𝑥, 𝑣𝑣𝑦𝑦, 𝑣𝑣𝑧𝑧 , 𝑡𝑡,𝑢𝑢𝑥𝑥 ,𝑢𝑢𝑦𝑦, 𝑢𝑢𝑧𝑧 = [𝐱𝐱, 𝑡𝑡,𝐮𝐮]
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Practical Example

Setup phase object and add constraints/objectives

Optimize and retrieve trajectory
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Practical Example

Optimizes solution in < 1s 

Get expected bang-off-bang control profile



ASRL 34

Conclusion

See tutorial online for more in-depth details

Tutorials - ASSET 0.4.0 documentation (alabamaasrl.github.io)

https://alabamaasrl.github.io/asset_asrl/tutorials/tutorials.html
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