RARMIEHER K ETIESYHZF o)
FEWMSE

IR AR phi_max = 0.63792 (36.55°)
FHEBRAE: omega_max = 0.63792

o HiEE: 1w = 2.8

e BIRRE1K: 1f = 1.0
o ERIEH 1K 1r = 1.0
e £%: 1b = 1.85

o FAEREE: vmax = 3.0

o B/VERE: vmin = -2.0
o RAMIRE: amax = 2.0
o B/\IMEE: amin = -1.0

RS

—i 2 m
ZE{4.8m

E%1.85m

ES
= 7

KSR ERBRILS B FEH
R R

$(t) = [pfﬂ (t)’ py(t)7 ’U(t), ¢(t)) e(t)}
Dz, Dy EREWIUE, v EEWMNRE, ¢ EARRNAE, ( REWNMEA, EHENEMINEE o SHOEBERE w,



e s i - MR — SR
e FMARE x Bu)+1E = BE
- - 0-r=wv
Ly
Al —
tan ¢
<> <>
Lr Lf
u(t) cos(8(t)) 2 (t) cos(2®)(t))
v(t) sin(6(t)) 2B (t) sin(z®)(t))
z(t) = a(t) = ul(t) = f(z(t),u(t))
w(t) u®(t)
v(t) tan((t))/Lu 2@ (t) tan(z@(t)) /L
YMELIR
zo = [1.0,8.0,0.0,0.0,0.0]
FRImLIR
zy = [9.25,2.0,0.0,0.0,7/2.0]"
uy = [0.0,0.0] "
HAth£)3R

o REMRE
Umin < U < Unmag
o BIREEARE
—®maz < ¢ < Pmaw
o BFEH

amin S a S a/maaja
_wmam S w S wmaaj-

EtReRER

tr
T, uz) = / L (t) + u(t)dt
to

2R 12 0]



min

T (t),ua(0) = [ u0) + i)
T o(t)cos(8(t)) ] 2®)(t) cos(z)(¢))
v(t) sin(6(t)) 23 (t) sin(z®) (¢))
&(t) = a(t) = u (t)
w(t) u®(t)
| v(t) tan(g(t))/Luw | 2@ (¢) tan(z® (t))/Lu
z(ty) = [1.0,8.0,0.0,0.0,0.0] "
z(ts) = [9.25,2.0,0.0,0.0,7/2.0] "
u(ty) = [0.0,0.0]

Vmin < V(t) < Vmaz
- ¢max S ¢(t) S ¢macc
Amin < a(t) < maz,
— Wmaz < w(t) < Wmag-

B 18] 2 B

3% [to, tf] BEUL R N PNXiE), EEERRN At = (tf —to)/N.

o M2 u(t) ATBBIA: ug,...,uy
o z(t) IBBMHRA: zo, ..., 2N

from opt_control import OptControl
import numpy as np
import numpy.typing as npt

0.0])

# EX|CFIEARET

T0 = 0.0 # 7/]?“/97‘;]

Tf = 20.0 # Z8IFA7%)

N = 50 # 50 7ATEHER

H= (Tf - T0) / N

X0 = np.array([1.0, 8.0, 0.0, 0.0,

XN = np.array([9.25, 2.0, 0.0, 0.0, np.pi / 2.0])

UDIM = 2 # aifEsSIgE/E
X_DIM = 5 # AXT/HEE

LW, LF, LR, LB = 2.8, 1.0, 1.0, 1.85 # /5
-2.0 # JHENEAZ//EE
-1.0 # JHENEAZ/)IEE

= 0.63792, 0.63792 # FIHRAEBAISABEE

V_MAX, V_MIN = 3.0,
A_MAX, A_MIN = 2.0,
PHI_MAX, OMEGA_MAX

B Rk 2= B

# EtnR#

def J(ux):
"MUEFRREL, Trapezoidal JEBE#IML
Parameters:

5

uxs:

Returns:

float:

ul

R [E BiRE

ux[@ : N + 1]
u2 ux[N + 1 : 2 % (N + 1)]
res = 0.0
for i in range(@, N):
res +=
res +=
return res

WESHIEFML

(ulf[il ** 2 + ul[i + 1] %% 2) % H
(u2[i] ** 2 + u2[i + 1] %% 2) %x H

# IERTLHIR

# ZILRTLHR

S ik, FIE, 5,

FE

F(x(t),u(t))




798} .
Tpi1 = Tp, +/ z(t)dt

tk

~ xy + %(x(tk) + @(tgi1))

=z + %[f(:ck, ug) + f(Trr1, ukt1)]

# NEEBHE
def dynamic_f_gen(Lw: float = 3.0):
def dynamic_f(x: npt.NDArray, u: npt.NDArray) -> npt.NDArray:
MRS AR
Parameters
X i npt.NDArray
state, shape = [dim_x, ]
u : npt.NDArray
action, shape = [dim_u,]

Returns

npt.NDArray

return np.array([
x[2] * np.cos(x[4]),
x[2] * np.sin(x[4]),
ule],
ulll,
x[2] * np.tan(x[3]) / Lw

], dtype=float)

return dynamic_f

dynamic_f = dynamic_f_gen(LW)

def dyn_cons(xk, xkpl, uk, ukpl):
"INEGABRRDR SRR LAR . BREEFTEST 0 X2— YR
return xkpl - xk - (dynamic_f(xk, uk) + dynamic_f(xkpl, ukpl)) *x H / 2.0

# BIFEFHISIAE, IKEEHMNESHILIR
lower_upper_bound_ux = {
"lb_u": np.array((A_MIN, -OMEGA_MAX)),
"ub_u": np.array((A_MAX, OMEGA_MAX)),
"lb_x": np.array((-np.inf, -np.inf, V_MIN, -PHI_MAX, -np.inf)),
"ub_x": np.array((np.inf, np.inf, V_MAX, PHI_MAX, np.inf)),

-

=)y R Al

N
. 2 2
xk,UkI’?iIOl,...,N kz_;(uhl +Uk’2 )At
At
s.t. Tpp =xp + T[f(wkauk) + f(@hi1,upi1)]), k=0,...
~10<u,; <20, k=0,...,N
—0.63792 < uy5 < 0.63792, k=0,...,N
—20<23<30, k=0,...,N

—0.63792 < x4 < 0.63792, k
zo = [1.0,8.0,0.0,0.0,0.0] "

zn = [9.25,2.0,0.0,0.0,7/2.0]"
uy = [0.0,0.0] "

I
e
2

KA Z[0)
SRR ERIERARATIERE, IELE/LHIEINL S E 2 8,

opt = OptControl(

N=N,

x_dim=X_DIM,

u_dim=U_DIM,

J=3),

dyn_cons=dyn_cons,

X0=X0,

XN=XN,

lower_upper_bound_ux=lower_upper_bound_ux,
) # [ KEZEEGNIE L]
X0 = 0.01 * np.ones((N + 1) x (U_DIM + X_DIM)) # #i&#i51E
xks, uks = opt.solve(init_guess=x0)



Optimization terminated successfully (Exit mode 0)
Current function value: 2.1849520036304164
Iterations: 164
Function evaluations: 58741
Gradient evaluations: 164

AR E RN

import matplotlib.pyplot as plt

plt.plot(xks[:, 0], xks[:, 11)
plt.show()
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