e (1)

NMPC id®

¥ source gp_mpc_venv/bin/activate
cd catkin_ws/
catkin build
source devel/setup.bash

export
PYTHONPATH=SPYTHONPATH:/home/zyb/workspace/catkin_ws/src/data_
driven_mpc/ros_gp_mpc

export
LD_LIBRARY_PATH=SLD_LIBRARY_PATH:"/home/zyb/workspace/acados/li
b

export ACADOS_SOURCE_DIR="/home/zyb/workspace/acados"
roscd ros_gp_mpc

python src/experiments/trajectory_test.py

IEITIZAESR

2024.01.23

fEtrajectory_test.pyE#FRI{IEES —MFA18EARIMpc, my_nmpc_test.py
MPCZ&#4:

BRENELE: prepare_quadrotor_mpc->Quad3DMPC (GTZEE&—1
Quad3DOptimizer) , prepare_quadrotor_mpciR[E—Quad3DMPCHIIR

quad_mpc = Quad3DMPC(my_quad, t_horizon=t_horizon,
optimization_dt=node_dt, simulation_dt=simulation_dt,

g_cost=q_diagonal, r_cost=r_diagonal, n_nodes=n_mpc_nodes,

pre_trained_models=pre_trained_models, model_name=quad_name,
g_mask=q_mask, rdrv_d_mat=rdrv_d)

Quad3DOptimizer(my_quad, t_horizon=t_horizon, n_nodes=n_nodes,
g_cost=qg_cost, r_cost=r_cost,
B_x=self.B_x, gp_regressors=self.gp_ensemble,
model_name=model_name, g_mask=qg_mask,
solver_options=solver_options, rdrv_d_mat=rdrv_d_mat)
quad_3d.py FQuad3DMPCEIERUAVEEL (IB4thA]&E)
quad_3d_optimizer.py$Quad3DOptimizersXEAMPCE %k

F KL

my_quad = Quadrotor3D(**simulation_options) 1B 8¥IKE, BEREEEELEIE
HHER

t_horizon=1s

n_mpc_nodes =104

»



node_dt=t_horizon / n_mpc_nodes=0.1s

simulation_dt = 5e-4 (the smaller the more "continuous"-like simulation){F &%,
THEEE A

g_cost=q_diagonal

r_cost=r_diagonal

g_mask=q_mask
pre_trained_models=pre_trained_models = None
rdrv_d_mat=rdrv_d = None

B_x=7E[%

solver_options=None, BT 7T EiftsolverfyizO
set_reference_state() FHIREXEEIRE (T4

w_opt, x_pred = quad_mpc.optimize(use_model=model_ind, return_x=True)

Quad3DMPCZ% (B2 ERI{HHEES)
Quad3DMPC..quad.update(ref_u, self.simulation_dt)sh /7 # &
AFFH R EBcasadifEE?

def optimize(self, use_model=0, return_x=False):

quad_current_state = self.quad.get_state(quaternion=True, stacked=True)

quad_gp_state = self.quad.get_gp_state(quaternion=True, stacked=True)

# Remove rate state for simplified model NLP

out_out = self.quad_opt.run_optimization(quad_current_state,
use_model=use_model, return_x=return_x,

gp_regression_state=quad_gp_state)

return out_out

Quad3DOptimizerZ (2024.01.24)

hIEEL
. _ i vw ]
Pwp | 0
@=|IWEB| = f  (2,u)= s lwp/2
VW B Y
wn Qwp ©TB+ gy
- - _J_l (TB—QJBXJL:.?B)_

self.quad_xdot_nominal = self.quad_dynamics(rdrv_d_mat)

def quad_dynamics(self, rdrv_d):



x_dot = cs.vertcat(self.p_dynamics(), self.g_dynamics(),
self.v_dynamics(rdrv_d), self.w_dynamics())

return cs.Function('x_dot!, [self.x[:13], self.u], [x_dot], ['x, 'u'], ['x_dot']) anyway
m/GEiR[Elquad_xdot_nominalt? @ ERELERAA['X, 'u' 15 A ['x_dot']

def p_dynamics(self):

return self.v
def g_dynamics(self):

return 1/2 * cs.mtimes(skew_symmetric(self.r), self.q)
defv_dynamics(self, rdrv_d):

f_thrust = self.u * self.quad.max_thrust

g = cs.vertcat(0.0, 0.0, 9.81)

a_thrust = cs.vertcat(0.0, 0.0, f_thrust[0] + f_thrust[1] + f_thrust[2] + f_thrust[3])
/ self.quad.mass

v_dynamics =v_dot_q(a_thrust, self.q) - g

if rdrv_d is not None:
# Velocity in body frame:
v_b =v_dot_q(self.v, quaternion_inverse(self.q))
rdrv_drag =v_dot_q(cs.mtimes(rdrv_d, v_b), self.q)

v_dynamics +=rdrv_drag

return v_dynamics

def w_dynamics(self):

f_thrust = self.u * self.quad.max_thrust

y_f=cs.MX(self.quad.y_f)
x_f=cs.MX(self.quad.x_f)
c_f=cs.MX(self.quad.z_|_tau)
return cs.vertcat(

(cs.mtimes(f_thrust.T, y_f) + (self.quad.J[1] - self.quad.J[2]) * self.r[1] *
self.r[2]) / self.quad.J[0],

(-cs.mtimes(f_thrust.T, x_f) + (self.quad.J[2] - self.quad.J[0]) * self.r[2] *
self.r[0]) / self.quad.J[1],

(cs.mtimes(f_thrust.T, c_f) + (self.quad.J[0] - self.quad.J[1]) * self.r[0] *
self.r[1]) / self.quad.J[2])

acados_models, nominal_with_gp = self.acados_setup_model(
self.quad_xdot_nominal(x=self.x, u=self.u)['x_dot'], model_name)

K% : Builds an Acados symbolic models using CasADi expressions.



Return acados_models, dynamics_equations (I 1EHHREINERE— PN THENF
Bilacados_models[0], dynamics_equations[0], model#tE3EE X ¥R

AcadosModel(), dynamics_equations{/jz&casadi.Fuction

2024.01.25 ocp = AcadosOcp() I3ZO0CPalR (¥1%&1k)

#nx CRSE, nuBANEL ny:ixSuZ#l
key_model.x.size()[0]

nx

nu key_model.u.size()[0]

ny = nx + nu

# BN, EiRBEHE

n_param = key_model.p.size()[0] if isinstance(key_model.p, cs.MX)
else 0

HEBINET 8 GRS RAHACADOSHI LI IF

acados_source_path = os.environ['ACADOS_SOURCE_DIR']
sys.path.insert(0, '../common')#sys.path@—""5I&, B8 T Pythonfi#fFss

ERRRNERZIERAAEER

# tHEocp

ocp = AcadosOcp()

## IREACADOSR LS| HILURERIEEIE (BIHIACADOSER/GRFLUCAIEZTIETT, ATXEIR
IR E )

ocp.acados_include_path = acados_source_path + '/include'
ocp.acados_lib_path = acados_source_path + '/1lib'

## IRERE

ocp.model = key_model

ocp.dims.N = self.N

ocp.solver_options.tf = t_horizon

# Initialize parameters
ocp.dims.np = n_param

ocp.parameter_values = np.zeros(n_param)

#LHTERIEL
ocp.cost.cost_type = 'LINEAR_LS'
ocp.cost.cost_type_e = 'LINEAR_LS'

ocp.cost.W = np.diag(np.concatenate((q_diagonal, r_cost)))
ocp.cost.W_e = np.diag(g_diagonal)

terminal_cost = 0 if solver_options 1is None or not
solver_options["terminal_cost"] else 1

ocp.cost.W_e *= terminal_cost

ocp.cost.Vx = np.zeros((ny, nx))
ocp.cost.Vx[:nx, :nx] = np.eye(nx)
ocp.cost.Vu = np.zeros((ny, nu))
ocp.cost.Vu[-4:, -4:] = np.eye(nu)

ocp.cost.Vx_e = np.eye(nx)

# Initial reference trajectory (will be overwritten)
#PEEMIIRI—T, HEIRIT

x_ref = np.zeros(nx)

ocp.cost.yref = np.concatenate((x_ref, np.array([0.0, 0.0, 0.0,

0.0]1)))

ocp.cost.yref_e = x_ref

# Initial state (will be overwritten)



#REEAIBI—T, HBXIRIT

ocp.constraints.x0 = x_ref

# Set constraints (MERBMEAR, EEELRLHUR)
ocp.constraints.lbu = np.array([self.min_u] * 4)
ocp.constraints.ubu = np.array([self.max_u] * 4)
ocp.constraints.idxbu = np.array([0, 1, 2, 3])

# Solver options

ocp.solver_options.gp_solver = 'FULL_CONDENSING_HPIPM'
ocp.solver_options.hessian_approx = 'GAUSS_NEWTON'
ocp.solver_options.integrator_type = 'ERK'
ocp.solver_options.print_level = 0
ocp.solver_options.nlp_solver_type = 'SQP_RTI' if solver_options is
None else solver_options["solver_type"]

# Compile acados OCP solver 1if necessary
#ERCECE S LR FEIZEICIUED, ACADOSEILIIhEZStEm*R, (BIIEEET
quad_3dE T FEEHEZS)

json_file = os.path.join(self.acados_models_dir, key_model.name +
' _acados_ocp.json')

self.acados_ocp_solver[key] = AcadosOcpSolver (ocp,
json_file=json_file)

2024.01.26 quad_mpc.optimize()REFHY
Quad3DOptimizer.run_optimization()

(W2 EEITRBREEIRENSE)

Replan 2 EEZEMAVIAAN

E LIRS

BArIE M raw
REEARNES—NESREMNRLLR

MIERE (HERES) BLAR?

gp_regressors=None->gp_reg_ensemble = None->with_gp=False
FH

set_reference_state()ERFGR[EHE/O0, EImodel_ind=0

BABT TEABNRZBNNE0S KRS (BAZKEIM—)

#EREE
w_opt, X_pred = quad_mpc.optimize(use_model=model_-ind,

return_x=True)

def optimize(self, use_model=0, return_x=False):

quad_current_state = self.quad.get_state(quaternion=True,
stacked=True)

quad_gp_state = self.quad.get_gp_state(quaternion=True,
stacked=True) #FHIAFEMMEE, quad_gp_state = None



# Remove rate state for simplified model NLP
out_out = self.quad_opt.run_optimization(quad_current_state,
use_model=use_model, return_x=return_x,

gp_regression_state=quad_gp_state)

return out_out

def run_optimization(self, initial_state=None, use_model=0,
return_x=False, gp_regression_state=None):

if initial_state is None:
initial_state = [0, 0, 0] + [1, 0, 0, 0] + [0, O, 0] + [O,
0, 0]

# Set initial state. Add gp state if needed
x_init = initial_state

X_init np.stack(x_init)

# Set initial condition, equality constraint
self.acados_ocp_solver[use_model].set(0, 'lbx', x_init)
self.acados_ocp_solver[use_model].set(0, 'ubx', x_init)

# Set parameters (EFBZA)
if self.with_gp:
gp_state = gp_regression_state if gp_regression_state is not
None else initial_state
self.acados_ocp_solver[use_model].set(0, 'p',
np.array(gp_state + [1]))
for j in range(l, self.N):
self.acados_ocp_solver[use_model].set(j, 'p',
np.array([0.0] x (len(gp_state) + 1)))

# Solve OCP

self.acados_ocp_solver[use_model].solve()

# Get u
w_opt_acados = np.ndarray((self.N, 4))

x_opt_acados = np.ndarray((self.N + 1, len(x_init)))

x_opt_acados[0, :] = self.acados_ocp_solver[use_model].get (0,
"x")
for i in range(self.N):
w_opt_acados[i, :] =
self.acados_ocp_solver[use_model].get (i, "u")
x_opt_acados[i + 1, :] =
self.acados_ocp_solver[use_model].get(i + 1, "x")

w_opt_acados = np.reshape(w_opt_acados, (-1)) 12 A4?

return w_opt_acados if not return_x else (w_opt_acados,

. o) e SHEN Zhipeng 2 /)\Bd &
x_opt_acados . W s
XA B B RIS

& formulation:
https://github.com/acados/ac
Casad i\ acad OS*H*rE_Iﬁ ados/blob/master/docs/probl

em_formulation/problem_for

mulation_ocp_mex.pdf

i B8 1B
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https://github.com/acados/acados/blob/master/docs/problem_formulation/problem_formulation_ocp_mex.pdf

WiTprint(elf.p)Bt, FFTENHpMAREENAFMUEHMAIRNESRS, XETIER
BEAMHFERANN, EBRIZERSINMTSTENE N, XMBMECasaADIB
FunctionXd & AtriRim N H T E, Ebadf = Fuction('f', [self.p], [self.p**2]), B Bf8T,
Bl LUf(p=2), REMER—1FE, quad_xdot_nominal(x=self.x, u=self.u)['x_dot']H
['x_dot'#REXF B Jax_dotitE

O 2. EXzHZEMRABDHE (REmfER)

(x, u, p, dynamics, name):

X dot = cs.MX. ('x dot', dynamics.shape)
f impl = x dot - dynamics

# Dynamics model
model
model.
model.
model.
model.
model.
model.p = p

model.name = name

()
_expl_expr = dynamics#EI\517]5
_impl expr = f impW#RmhHZF
X
t = x dot

% X —h —h |
o
N ol

=
=

return model

R

https://docs.acados.org/python_interface/index.html?

highlight=ocp%20cost#module-acados_template.acados_ocp_cost

In case of LINEAR_LS: stage €08t is I(z,u, 2) = ||V, T + V, u + V, 2 — Yot || 3y, terminal cost

; 2
ism(x) = ||Vi' & — yrellwe
#&{w=0
T
. ! 1[99 Z 0z |s(7)
x(-),n(-ligl(-n)ﬁ(-)‘sf J’O I(X(T);H(T);Z(T):p)+5 Sug’f) Z]OT Zi‘-’r 261 Su(lf) dr +
T
sl A0 A
m(x(T),z(T):P) + - SS 0 ZE ZE 53 (1)
2| ZleT zﬁur 0 1

* algebraic state vector z : R — R™

ZRAERE, B, E—NEWMBEANRES, H(NTREERTSEHEX (BEEWN
UEMRE) , iTHREu (BEFEWMINEENEBDA) , URRBRESz (BFEFER
AR ANEEMHNBESR) . EXMERT, ANREKAERIESX, uflizRITG,

) c—rmhpe—a-0a
fEAAcadosOcpSolver.seti®#l, fEMI0T


https://docs.acados.org/python_interface/index.html?highlight=ocp%20cost#module-acados_template.acados_ocp_cost

set(stage_: int, field_: str, value_)
Set numerical data inside the solver.

param stage integer corresponding to shooting node
param field string in ['X), ‘U’, ‘pi’, ‘lam’, ‘'t), ‘p’, ‘xdot_guess’, ‘z_guess']

F—SHEMNLLYR, HELNER
AEZB5rAcadosOcpSolverZEHY R EhEE MRS



