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import numpy as np
from numpy import s R s s s s
from matplotlib import pyplot as plt
# from sympy import *
smatplotlib inline
D = 1.600 #meter
W = 2.650 #meter
L1 = 0.14 # assume that the length of Steering-Arm is
fixed (or is designed beforehand)
#Ideal Values
def outter _delta(inner delta):
return ( 1/(D/wW+1/ (inner_delta)) )
X = np. (0.0001,45%p1/180,100)
y = outter_delta(x)
with plt.style.context("ggplot"):
plt.rcParams['figure.figsize'] = [10, 5]
plt. (x%180/pi,y*180/pi,label="'Ideal’')
plt. (r'$\delta_{inner}$',fontsize=18)
plt. (r'$\delta {outter}$',fontsize=18)
plt.axis('equal')
plt. O
plt.show ()
Yo Do 3 s onin b 55l 98 1Y Tl
import matplotlib.animation
%matplotlib notebook
plt.rcParams["animation.html"] = "jshtml"
plt.rcParams['figure.dpi'] = 150
plt.ioff ()
fig, ax = plt.subplots()
def rotate(arr,theta):
R = np. (LC (theta) ,- (theta)],[ (theta), (
theta)ll)
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return np.matmul (R,arr)

def tire(x0,y0,theta,draw_per_line=True):

t = 0.15
r = 0.5
p = rotate(np. ([[-t/2,-t/2,t/2,t/2,-t/2],[r/2,-r

/2.,-r/2,r/2,r/2]]) ,theta)
plt. (pl0]+x0,p[1]+y0,color = 'black')
if draw_per_line:

p = rotate(np. ([[-w/( (theta)+0.00001)

-1.5,0],[0,0]]),theta)
plt. (pl0]+x0,p[1]+y0,color="'coral')
plt.axis('equal')
plt.axis('off"')

def animate(t):
plt. O
inner _delta = (t+10) /40
tire(-D/2,W/2,inner_delta)
tire(-D/2,-W/2,0,False)
tire(D/2,-W/2,0)
tire(D/2,W/2,outter _delta(inner delta))
plt.ylim(-W,W)
plt.x1lim(-10,D/1.5)

matplotlib.animation.FuncAnimation(fig, animate,

frames=15)

¥ Jshes Olo b aitamns awdin =1 b (gl S 0V T Al

#Rack and Pinion steering system design
class rack_pinion_steering_sys:

table = []

alpha = []

L1 = L1

L2 = []

L3 = []

d = []

D =D

theta _max = []

phi2 = []

def _ _init__(self, alpha = 17.5%pi/180, d =

0.5):
self.alpha = alpha

0.2, L2
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self.d = d

self.L2 = L2

phi 0 = ((d-L1x (alpha))/L2)

self.L3 = self.D-2x( L2x (phi_0) + L1 (alpha)
)

self.theta max = (d/(L1+L2))

self.phi2 = phi_0

def get_states(self,delta):
theta = delta + self.alpha

phi = ((self.d-self.L1x (theta))/self.L2)

C = self.D - (self.L1x (theta)+self.L2x% (phi)+
self.L3)

gamma = ((self.L1**x2+self.L2**x2-self.d**2-C

x*x2) /(2xself.Ll*xself.L2))
while True:
phi2 = ((self.d-self.L1x (gamma - self.
phi2))/self.L2)

if abs(phi2-self.phi2)<1le-10:
self.phi2 = phi2
break

self.phi2 = phi2

theta2 = ((self.L2x% (self.phi2)-C)/self.L1)

delta2 = theta2 + self.alpha

return np. ([delta2,theta,phi,theta2,self.phi2
iD)

def get_y2(self,x):
y2 = np.zeros_like(x)
for i,xx in enumerate(x):
y2[il, _,_,_,_ = self.get_states (xx)
return y2

mySteer = rack_pinion_steering_sys ()

import ipywidgets as widgets

# import warnings

# warnings.filterwarnings ("ignore")
smatplotlib notebook

X = np. (0.0001,45%pi/180,100)
y = outter_delta(x)
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y2 = mySteer.get_y2(x)

smatplotlib notebook

with plt.style.context("default"):
fig = plt.figure()
ax = fig.add_subplot(1,1,1)

ax. (x%180/pi,x*180/pi,label="'parallel',color="'gray'
)

main, = ax. (x%180/pi,y*180/pi,label="'Ideal')

mine, = ax. (x%180/pi,y2*180/pi,'-."',label="'rack and

upinion',color='k")
ax.set_xlabel(r'$\delta_{inner}$',fontsize=14)
ax.set_ylabel(r'$\delta_{outter}$',fontsize=14)
ax. O

ax. @)

def update_plot(alpha,d=mySteer.d,L2=mySteer.L2):
mySteer.__init__ (alpha,d,L2)
y2 = mySteer.get_y2(x)
mine.set_ydata(y2*180/pi)
fig.canvas.draw()

def fncl(val):

tmp = val['new']*pi/1800

update_plot (tmp,mySteer.d,mySteer.L2)
def fnc2(val):

tmp = val['new']/100.0

update_plot (mySteer.alpha,tmp,mySteer.L2)
def fnc3(val):

tmp = val['new']/100.0

update_plot (mySteer.alpha,mySteer.d, tmp)

sliderl = widgets.IntSlider(value=175, min=-250, max=250,
continuous_update=False)

slider2 = widgets.IntSlider (value=20, min=-20, max=30,
continuous_update=False)

slider3 = widgets.IntSlider(value=50, min=10, max=70,
continuous_update=False)

sliderl.observe(fncl, names="value")

slider2.observe(fnc2, names="value")

slider3.observe(fnc3, names="value")

display(sliderl,slider2,slider3)

o-!
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plt.rcParams["animation.html"] = "jshtml"
plt.rcParams['figure.dpi'] = 300
plt.ioff ()

fig2, = plt.subplots()

L2,L3,d = mySteer.L2,mySteer.L3,mySteer.d

def draw_bars (theta,phi,theta2,phi2):

X = np. ([-D/21)

Y = np. (fw/21)

X = np.append(X,X[-1]+L1x* (theta))
Y = np.append(Y,Y[-1]-L1x* (theta))
X = np.append(X,X[-1]+L2% (phi))

Y = np.append(Y,Y[-1]-L2% (phi))

X = np.append(X,X[-1]1+L3)

Y = np.append(Y,Y[-1]1+0)

X = np.append (X,X[-1]1+L2% (phi2))

Y = np.append(Y,Y[-1]+L2x% (phi2))

X = np.append(X,X[-1]-L1x (theta2))
Y = np.append(Y,Y[-1]+L1% (theta2))

plt. (X,Y,marker="'."',color = 'blue',linewidth=1,

markersize=3,mfc='k',mec="'gray')
def animate(t):
plt. O
inner delta = (t+20)/80

[outter_delta,theta,phi,theta2,phi2] = mySteer.

get_states(inner_delta)
tire(-D/2,W/2,inner_delta)
tire(-D/2,-W/2,0,False)
tire(D/2,-W/2,0)
tire(D/2,W/2,outter _delta)
draw_bars(theta,phi,theta2,phi2)
plt.ylim(-W,W)
plt.x1lim(-10,D/1.5)

matplotlib.animation.FuncAnimation(fig2, animate,
=15)

frames
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import Output_functions as f
import numpy as np

class STEERING_SYSTEM:

dt = []

a = 17.5%np.pi/180

L1 =0.14

L2 =0.5

L3 =0.5246808715635702

d =0.2

D =1.6

lock_margin = 10*np.pi/180

max_lock _angle = np. (d/(L1+L2)) - lock _margin - a
min_lock_angle = []

x, xd, xdd = [1, [1, []
y, yd, ydd = [1, [1, []
z, zd, zdd = [1, [1, [1I
w, wd, wdd = [1, [1, []

def __init__(self,dt):
self.dt = dt
self.xd = 0
self.xdd = 0
self.x = self.max_lock_angle
self.apply_constraints ()
self.min_lock_angle = -self.z
self.x = 0
self.apply_constraints ()

def apply_constraints(self):
self.y = f.Y(self.x)

self.w = f.W(self.x,self.y)
self.z = f.Z(self.x,self.y,self.w)
self.yd = f.Yd(self.x,self.xd,self.y)

self.zd = f.Zd(self.x,self.xd,self.y,self.yd,self.z

,self.w)
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def

def

def

def

self.wd = f.Wd(self.x,self.xd,self.y,self.yd,self.z
,self.w)

self.ydd = f.Ydd(self.x,self.xd,self.xdd,self.y,
self.yd)

self.zdd = f.Zdd(self.x,self.xd,self.xdd,self.y,
self.yd,self.ydd,self.z,self.zd,self.w,self.wd)

self.wdd = f.Wdd(self.x,self.xd,self.xdd,self.y,
self.yd,self.ydd,self.z,self.zd,self.w,self.wd)

get_delta _r(self):
return f.x_to_dr(self.x,self.xd,self.xdd,self.y,
self.yd,self.ydd)

deltaX to _x(self,dX):

self.x = f.dr_to_x_0(dX[0],self.y)
self.xd = f.dr_to_x_1(dX[1],self.x,self.y,self.yd)
self.xdd = f.dr_to_x_2(dX[2],self.x,self.xd,self.y,

self.yd,self.ydd)

step_xdd(self ,M,F):

F += self.self_aligning_ T ()

param = np. ([self.ydd,self.xd**2,self.yd**2,
self.zdd,self.wdd, self.zd**2, self.wd**2,M[0] ,M
[1] ,F],dtype=float)

xdd = np. (f.Xdd(self.x,self.y,self.z,self.w).

([10,]) ,param)

self.xdd = 0.5%self.xdd + 0.5%xdd

self.xd += self.xddxself.dt

self.x += 0.b*xself.xdd*self.dt*x*2 + self.xd*self.
dt

self.lock ()

self.apply_constraints ()

get _F(self ,M):
if (self.lock()):
self .F =0
self.apply_constraints ()
return self.F
self.apply_constraints ()
param = np. ([self.xdd,self.ydd,self.xd**2,self
.yd**x2,self.zdd,self.wdd,self.zd**x2,self.wd*x*x2,M
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self.F = np. (f .F(self.x,self.y,self.z,self.w),
param)

return self.F

def lock(self):

if self.x <= self.min_lock_angle:
self.xdd = O
self.xd = 0
self.x = self.min_lock_angle
return True

if self.x >= self.max_lock_angle:
self.xdd = O
self.xd = 0
self.x = self.max_lock_angle
return True

return False

functions Output S xl5 53b 48 :V.Tael

from numpy import , s s s ) > >

b

alpha=17.5%pi /180

L 1=0.14

L_2=0.5
L_3=0.5246808715635702
d=0.2

D=1.6

m_2=1.12

m_r=1.17

I 1=0.7761601605732

I 2=0.024676

def F(x, y, z, w):
return ( ([0(-1/2*%L_1*L 2*m_ 2% (alpha + x + y) -

L 1%L _2*m_rx (y)* (alpha + x))* (alpha + x)/(-
L 2% (y)* (alpha + x) + L_2% (y)* (alpha + x
)) + (I_1 + L _1%%2%m 2 + L _1%%2%m_r* (alpha + x)
kk2) * (y)/(-L_1% (y)* (alpha + x) + L_1% (y)
* (alpha + x)), (I_2 + (1/4)*L_2**2xm_2 + L _2%*2x
m_r* (y) *x*2) * (alpha + x)/(-L_2% (y)x* (alpha

4T




16
17
18
19

+ x) + L_2% (y)* (alpha + x)) + (-1/2*%L_1xL_2x%

m_ 2% (alpha + x + y) - L_1%L _2*m_rx* (y)x*

(

alpha + x))=x* (y)/(-L_1x% (y)* (alpha + x) + L_1
* (y)x* (alpha + x)), -L_1%*2xm_rx (alpha + x)*
(y)* (alpha + x)/(-L_1x% (y)* (alpha + x) +
L_1x% (y)* (alpha + x)) + (-1/2*%L_1xL_2x*m_2x% (
alpha + x + y) + L_1%L_2%m_rx* (y)* (alpha + x))=x*
(alpha + x)/(-L_2% (y)* (alpha + x) + L_2%
(y)* (alpha + x)), L_2%*2*m_rx* (y)* (alpha + x

) * (y)/(-L_2x% (y)* (alpha + x) + L_2%

(y)*

(alpha + x)) + (-1/2*%L_1%L_2%*m_2x% (alpha + x +

y) - L_1*L _2%m_r* (y)x* (alpha + x))x* (y)/(-L_1
* (y)x* (alpha + x) + L_1x% (y)x* (alpha + x)),
(1/2)*L_1*L _2*m_ 2% (alpha - z)x* (-alpha + w + z

)/ (-L_2% (w) * (alpha - z) + L_2x% (w) *
- z)) + (I_ 1 + L _1%*2%m 2)* (w)/(-L_1%

(alpha
(w)* (

alpha - z) + L_1% (w) * (alpha - z)), -1/2*%L_1x%

L 2*m_2% (-alpha + w + z)x (w)/(-L_1%

(w) * (

alpha - z) + L_1x (w)* (alpha - z)) - (I_2 +
(1/4) *L_2%*2*m_2) * (alpha - z)/(-L_2% (w) * (
alpha - z) + L_2x (w)* (alpha - z)), (1/2)=*L_1x%

L 2%m_2% (alpha - z)* (-alpha + w + z)/(

-L_ 2%

(w)* (alpha - z) + L_2% (w)* (alpha - z)),

-1/2xL_1*L _2*m_2% (w) * (-alpha + w + z)/

(-L_1%

(w)* (alpha - z) + L_1x% (w)* (alpha - z)),

- (y)/(-L_1% (y)x* (alpha + x) + L_1% (y)*
(alpha + x)), - (w)/(-L_1% (w) * (alpha - z) +
L 1% (w) * (alpha - z))11))
def Xdd(x, y, z, w):
return ( ([[-2*L _1*x(I_2 + (1/4)*L 2%**2%m 2 + L 2

kkQKkm_T* (y) *x*2) * (alpha + x)/(2*I_1*L 2% (y)
- L_1%%2%L _2*m_2x% (alpha + x)x* (alpha + x + y) +

2xL 1**2xL 2%m_ 2% (y) - 2%L_1#**%2%L 2*m_rx

(y)*

(alpha + x)* (alpha + x) + 2xL_1**2*L 2%m _rx
(y)x* (alpha + x)*%2) - 2*%(-1/2*%L_ 1%L _2%m_2x% (
alpha + x + y) - L_1%L_2%m_rx (y)* (alpha + x))=*

(y)/(2*%I_1x (y) = L_1%%2*m_2% (alpha + x)*
(alpha + x + y) + 2%L_1%*2xm 2% (y) - 2xL_1%*2*m_r
* (y)* (alpha + x)* (alpha + x) + 2%L_1#**2*m r

* (y)* (alpha + x)*%*2), 2*L_1%*2*m_r*

YoT

(alpha +




S 55S Gaasliy N gy O\ 2 o Stliys (G mind asi » X ]

X) * (y)* (alpha + x)/(2*I_1x (y) - L_1%*2*m_2
* (alpha + x)x* (alpha + x + y) + 2xL_1%*2*m_2x%
(y) - 2xL_1x*2*m_r* (y)* (alpha + x)* (
alpha + x) + 2*L_1%*2%m_r* (y)* (alpha + x)=*%*2)
- 2L 1*x(-1/2*L_ 1%L _2*m 2% (alpha + x + y) + L_1%
L_2%m_rx* (y)x* (alpha + x))=* (alpha + x)/(2%I_1
xL 2% (y) - L_1%%2%L_2xm_2% (alpha + x)* (
alpha + x + y) + 2%L_1%%2%L 2*m_2x (y) - 2%L_1#*%2x%
L 2*%m_r* (y)* (alpha + x)x* (alpha + x) + 2xL_1
** 2% [ 2*m_r* (y)* (alpha + x)**2), -2xL 1%L 2
*k*kQkm_ T * (y)* (alpha + x)* (y)/(2%I_1%L_2% (
y) - L_1%*2%L_2xm_2% (alpha + x)* (alpha + x + y
) + 2*L _1x*2xL 2xm_ 2% (y) - 2xL_1%%2*L_2%m_rx (y
) * (alpha + x)* (alpha + x) + 2*L_1%*2%L 2*m_rx*
(y)* (alpha + x)**2) - 2x(-1/2*%L_1*L _2xm_2% (
alpha + x + y) - L_1xL 2%m_rx* (y)* (alpha + x))=*
(y)/(2%I_1% (y) - L_1%%2%m_2x* (alpha + x)*
(alpha + x + y) + 2xL_1%*2*m_2x% (y) - 2%xL_1%*2*m_r
* (y)* (alpha + x)* (alpha + x) + 2%L_1%x2*m _r
* (y)* (alpha + x)**2), -1/2%L_ 1%L 2*m_2*(-2*L_1
* (y)* (alpha + x)* (alpha - z) + 2xL_1x (
alpha - z)x* (y)* (alpha + x))=* (-alpha + w + z
)/ (=21 1L 2% (w) * (alpha - z)x (y) + 2%I_1%
L 2% (w)* (y)* (alpha - z) + L_1x*2*L 2%m 2%
(w)* (alpha + x)x* (alpha - z)x* (alpha + x +
y) - 2xL_1x*2*L 2%m 2% (w)* (alpha - z)x* (y)
- L_1%%2xL 2%m_2% (alpha + x)* (alpha + x + y)*
(w)* (alpha - z) + 2*L_1*%2%L _2*m_2% (w) * (
y) * (alpha - z) + 2*L_1%*2xL_2%m_r* (w)* (y)*
(alpha + x)x* (alpha - z)x (alpha + x) - 2xL_1
**%2%L_2xm_r* (w)* (alpha - z)x* (y)* (alpha +
X)**%2 - 2xL 1%*2%L 2%m_rx (y)x* (alpha + x)* (
W) * (alpha + x)* (alpha - z) + 2xL_1%%2%L 2%m_rx*
(w) * (y)* (alpha + x)**2x (alpha - z)) + (
I 1 + L 1**2%m_2)* (2% (y)* (alpha + x)* (w) -
2% (w) * (y)* (alpha + x))/(-2*I_1% (w)* (
alpha - z)x* (y) + 2xI_1x% (w)* (y)* (alpha -
z) + L_1%%x2xm_2% (w)* (alpha + x)* (alpha - z)
* (alpha + x + y) - 2*%xL_1%*2%m_2x (w)* (alpha
- z)* (y) - L_1%%2xm_2x (alpha + x)* (alpha +
X + y)* (w)* (alpha - z) + 2xL_1**2*m_ 2% (w)*
(y)* (alpha - z) + 2xL_1%*2%m_r* (w)* (y)*

\£\-T




(alpha + x)=* (alpha - z)* (alpha + x) - 2*L_1
Xk2Kkm_T* (w)* (alpha - z)x (y)* (alpha + x)
*%2 — 2xL 1%*2%m_rx* (y)x* (alpha + x)x* (w)* (
alpha + x)=* (alpha - z) + 2%L_1#%*2%m_r* (w)* (
y ) * (alpha + x)**2% (alpha - z)), -1/2%L_1xL_ 2%
m_ 2% (2% (y)* (alpha + x)* (w) - 2% (w)* (y
) * (alpha + x))x* (-alpha + w + z)/(-2%I_1x% (w)
* (alpha - z)* (y) + 2*xI_1x (w) * (y)* (
alpha - z) + L_1#%%2%m_ 2% (w)* (alpha + x)x (
alpha - z)=* (alpha + x + y) - 2*%xL_1%*2%m_2x (w)*

(alpha - z)x* (y) - L_1%%2xm_2% (alpha + x)x*

(alpha + x + y)* (w) % (alpha - z) + 2%L_1%*2x
m_2% (w)* (y)x* (alpha - z) + 2%L_1%*2%m_r* (
W) % (y)x* (alpha + x)x* (alpha - z)x (alpha +
X) - 2%L_1%*2*m_r* (w)* (alpha - z)=x* (y)* (
alpha + x)**2 - 2%L_ 1%*%2%m_r* (y)* (alpha + x)=*

(w)* (alpha + x)x* (alpha - z) + 2%L_1%%2%m_r*

(w) * (y)* (alpha + x)**2x% (alpha - z)) + (
I 2 + (1/4)*L_2*x2%m_2)*(-2*L 1% (y)* (alpha + x
) * (alpha - z) + 2xL_1% (alpha - z)=x (y)* (
alpha + x))/(-2%I_1*L_2x% (w)* (alpha - z)* (y)

+ 2xI_ 1%L 2% (w)* (y)x* (alpha - z) + L_1%%2x
L_2%m_2% (w)* (alpha + x)* (alpha - z)x* (
alpha + x + y) - 2%L_1%*%2*L 2%m_ 2% (w)* (alpha -

z) * (y) - L_1%%2%L _2xm_2% (alpha + x)* (alpha

+ x + y)* (w)* (alpha - z) + 2%L_1**2%xL 2*m_2%

(w) * (y)=* (alpha - z) + 2*L_ 1%*2%L 2%m_r* (
W) % (y)* (alpha + x)x* (alpha - z)x* (alpha +
X) — 2xL _1*x2xL 2%m_r* (w)* (alpha - z)x* (y)*

(alpha + x)**2 - 2xL 1%%2%L 2%m_rx (y)* (
alpha + x)=* (w)* (alpha + x)* (alpha - z) + 2%
L_1%%2%L 2%m_r* (w)* (y)* (alpha + x)*x2x% (
alpha - z)), -1/2*%L_1%xL 2xm _2*(-2xL_1x% (y)x* (
alpha + x)* (alpha - z) + 2xL_1% (alpha - z)x*
(y)* (alpha + x))=* (-alpha + w + z)/(-2*%I_1xL 2%

(w)* (alpha - z)=x* (y) + 2xI_1xL 2% (w)* (
y) * (alpha - z) + L_1%*2%L 2xm_ 2% (w) * (alpha
+ X)* (alpha - z)x (alpha + x + y) - 2*%xL_1%x%2x%

L 2*m_ 2% (w) * (alpha - z)x (y) - L_1%%2xL_2%
m_2% (alpha + x)x (alpha + x + y)* (w)* (
alpha - z) + 2%L_1%%2%L 2%m_ 2% (w) * (y)* (
alpha - z) + 2%L_1%%2%L 2%m_rx (w) * (y)* (

VYT
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alpha + x)* (alpha - z)x (alpha + x) - 2%L_1%%2x
L 2*%m_r* (w)* (alpha - z)x* (y)* (alpha + x)
**%2 — 2xL 1**2%[ 2%m_r* (y)* (alpha + x)x (w)*
(alpha + x)* (alpha - z) + 2*L_1**2%xL 2*m_r*
(w)* (y)* (alpha + x)**2% (alpha - z)), -1/2%
L 1%L _2*m_2x* (2% (y)* (alpha + x)* (w) - 2% (
W) * (y)* (alpha + x))x* (-alpha + w + z)/(-2%
I 1% (w)* (alpha - z)x* (y) + 2*%I _1x (w) * (
y ) * (alpha - z) + L_1%*2*m_2x% (w)* (alpha + x)
* (alpha - z)x* (alpha + x + y) - 2xL_1%x*2%m_2x%
(w)* (alpha - z)x* (y) - L_1%%2xm_2% (alpha
+ x)* (alpha + x + y)* (w) * (alpha - z) + 2%
L_1%%2%m_2% (w)* (y)x* (alpha - z) + 2*L_1%%2x
m_r* (w)* (y)* (alpha + x)x* (alpha - z)x (
alpha + x) - 2*L_1%*2%m_r* (w)* (alpha - z)=x* (
y) * (alpha + x)*%2 - 2%L 1%*2%m_rx* (y)=* (alpha
+ x)* (w) * (alpha + x)* (alpha - z) + 2xL_1
Xk2Km_T* (w)* (y)* (alpha + x)**2% (alpha -
z)), 2% (y)/(2xI_1x (y) - L_1%*2%m_2x (alpha +
X)* (alpha + x + y) + 2%L_1%*2xm_2% (y) - 2xL_1
*k*k2km_T % (y)* (alpha + x)* (alpha + x) + 2xL_1
*Kk2Xm_ Tk (y)* (alpha + x)*x%2), -(2% (y)* (
alpha + x)* (w) - 2% (w)* (y)* (alpha + x))
/(=2%1_1x% (w)* (alpha - z)x* (y) + 2%I_ 1% (w)
* (y)* (alpha - z) + L_1x*2*m_ 2% (w)* (alpha
+ X)* (alpha - z)x* (alpha + x + y) - 2%L_1%x2x
m_2x% (w)* (alpha - z)=* (y) - L_1%%2%m_2% (
alpha + x)* (alpha + x + y)* (w)* (alpha - z)
+ 2%L _1x*2*m_ 2% (w) * (y)* (alpha - z) + 2xL_1
Kk2KM_T* (w)* (y)* (alpha + x)* (alpha - z)x
(alpha + x) - 2%L_1%*2%m_r* (w)* (alpha - z)=*
(y)* (alpha + x)**%2 - 2xL_1%*%2%m_rx* (y)* (
alpha + x)* (w)* (alpha + x)* (alpha - z) + 2%
L_1%%2%m_r* (w)* (y)x* (alpha + x)**2% (alpha
- z)), —2*xL _1xL 2% (y)x* (alpha + x)/(2*%I_1*L_2x
(y) - L_1%%2xL 2%m_2% (alpha + x)x* (alpha + x
+ y) + 2%xL_1%%2%L 2%m_ 2% (y) - 2xL_1%%2%L 2%m_r*
(y)* (alpha + x)x* (alpha + x) + 2%L_1**%2%L_ 2%
m_r* (y)* (alpha + x)*%2) + 2xL_ 1% (y)* (
alpha + x)/(2*%I_1x% (y) - L_1%%2xm_2% (alpha + x)
* (alpha + x + y) + 2*%xL_1%%2%m_2x% (y) - 2xL_1
*k*k2km_T* (y)* (alpha + x)* (alpha + x) + 2xL_1
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def

def

def

def

def

def

def

**2Km_ T * (y)* (alpha + x)*%x2)]11))

Y(x):
return (- ((L_1% (alpha + x) - d)/L_2))

Z(x, y, w):
return (alpha + ((-D + L_1% (alpha + x) + L_2%
(w) + L_2% (y) + L_3)/L_1))

W(x, y):

return (2% ((2*%L_2*d - (=L _1*%4 + 2xL 1**x2xL[ 2
**%2 + 2xL 1*%2%xd**x2 + 2L 1*x*2*x(-D + L _ 1% (alpha +
x) + L_2% (y) + L_3)*%x2 - L_2%%x4 + 2%L 2x*%2xd*x*2
+ 2*%L 2%*2*(-D + L_1x% (alpha + x) + L_2% (y) +
L 3)**%x2 - d*x*x4 - 2xd**2*(-D + L _1x% (alpha + x) +
L 2% (y) + L_3)**x2 - (-D + L_1% (alpha + x) +
L 2% (y) + L_3)**x4))/(-L_1%*%2 + L _2%*2 - 2xL _2x(-D
+ L 1% (alpha + x) + L_2x% (y) + L_3) + d*x*x2 +
(-D + L_1x% (alpha + x) + L_2% (y) + L_3)%xx%x2)))

Yd(x, xd, y):
return (L_1*xdx* (alpha + x)/(L_2% (y)))

Zd(x, xd, y, yd, z, w):
return ((L_1*xd* (alpha + x) - L_2*ydx (y)) = (w)
/(L_1% (alpha + w - z)))

Wd(x, xd, y, yd, z, w):
return (-(L_1%xd* (alpha + x) - L_2xyd* (y)) = (
alpha - z)/(L_2% (alpha + w - z)))

Ydd(x, xd, xdd, y, yd):
return ((L_1*(xd**2x% (alpha + x) + xdd* (alpha + x)
) + L_2xyd**2x (y))/(L_2% (y)))
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def

def

def

def

def

def

Zdd(x, xd, xdd, y, yd, ydd, z, zdd, w,
return ((-L_1*xd**2x% (alpha + x)*

(w)* (alpha + x) - L_1*zdd**2x

L 2xwdx*2 - L _2%yd**2x (w)*

) * (w))/(L_1x% (alpha + w - z)))
Wdd(x, xd, xdd, y, yd, ydd, z, zdd, w,

return ((L_1*xd**2%
xdd* (alpha - z)x
*wd * k2% (alpha + w - z) + L_2%yd**2x%
*xcos (y) + L_2x%ydd*sin(y)x*
alpha + w - z)))

(alpha + x)*

dr_to_x_0(dr, y):
return (-alpha +
+ dr)/L_1))

(((1/2)*D - L_2%

dr_to_x_1(drd, x, y, yd):
return ((L_2x*ydx (y) + drd)/(L_1x%

dr_to_x_2(drdd, x, xd, y, yd, ydd):
return ((L_1xxd**2%
L_2*yddx (y) + drdd)/(L_1%

x_to_dr(x, xd, xdd, y, yd, ydd):

(alpha + x) + L_2%yd**2x%
(alpha + x)))

wd) :

(w) + L_1*xdd*
(alpha + w - z) -
(y) - L_2xyddx

(y

wd) :
(alpha - z) - L_1x%
(alpha + x) + L_1%zdd**2 + L_2

(alpha - z)

(alpha - z))/(L_2% (

(y) - 1/2%L_3

(alpha + x)))

(y) +

return ( ([[-1/2%D + L_i*sin(alpha + x) + L_2*cos(y
) + (1/2)*L_3], [L_1*xd*cos(alpha + x) - L_2%yd*sin(
y)1, [-L_1xxd**2x (alpha + x) + L_1*xddx (alpha
+ x) - L_2%yd**2x (y) - L_2*yddx (y)11))
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import numpy as np
from numpy import matmul as mm
class SMO:
dt = []
A, B, ¢ =1[1, [1, 0]
k=100
beta, eps = 5000, 10
po, qo = 13, 15
z, d_hat = 0, O
def _ _init__(self,dt,A,B,C):
self.dt = dt
self.A = A
self .B = B
self.C = C
def SMO(self,z,xn,fx,gx,u):
SO = z - xXn
tmp = -self.k*so -self.eps*np.abs(so)**x(self.po/
self.qo)*np. (so) -self.beta*np. (so
/10) -np.abs(fx)x*np. (so0)

z_dot = tmp + gx*u
d_hat = tmp - fx
return z dot,d_hat

def step_obs(self,x,u):

z_dot, d_hat = self.SMO(self.z,x[1],mm(self.A[1],x)

,self .B[1] ,u)
self.z += z dotx*self.dt
return d_hat/self.B[1]
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import numpy as np
from numpy import matmul as mm

class CONTROLLER:
Hist = []
dt = []

F = []

G = []

c =1

h = []

Q = [

Cs = []

si = []

delay=0

delay2=0

sensor_packet_lost =

actuator_packet_lost

P_sensor_packet_lost

P_actuator_packet_lost

sample_instant = 0

actuation_instant = 0

alpha_bar = P_sensor_packet_lost

d_hat_sens = 0

np. (fro.ol,[0.011)

= np. (ffo.0],[0.0]11)

o

I
I o o
'_\

to o]
=W
=l

=0

R ERC
N~ |l
|
o

(]

randi = []

def __init__(self,dt,N,F,G,C,h,Cs,si):
np.random. seed (0)
self.dt = dt
self.F = F
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def

def

def

def

self.G = G

self.C = C

self .h = h

self.Cs = Cs

self.si = si

self.tau_sc = 1/2

self.zeta = self.tau_sc/(self.tau_sc+1)
self.n = np.int(self.h//self.dt)
self.i = 0

N = int (N)

self. = np.random. (2,N)

self.randi = np.random.randint (0, int(self.n//2),(2,
N))

return

get_delays(self):
return np. ([self.delay,self.delay2,self.
sensor_packet_lost,self.actuator_packet_lost])

q(self,Sk):
return self.si/(self.si+np.linalg. (Sk))
CONTROLLER (self,xk,xk_1):

Sk = mm(self.Cs,xk)-self.zeta*mm(self.Cs,xk_1)

H = (1-self.alpha_bar)*mm(self.Cs,self.F)

I = self.zetax(l-self.alpha_bar)*self.zeta*xself.Cs
J =1 - self.q(Sk)

K = self.alpha_bar*self.Cs

L = self.zetaxself.alpha_bar*self.Cs

uk = -(mm(H,xk) -mm(I,xk) +mm(K,xk) -mm(L,xk 1) -J

) / (mm(self.Cs,self.G)*(1-self.alpha_bar))
return uk

step_controller (self,err):
if self.i==self.sample_instant: # sensor
self.sensor_packet_lost = 0
if self. [0,self.i] > self.
P_sensor_packet_lost:
self.xk 1 = self.xk
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self.xk = err
else:

self.sensor_packet_lost =1
self.sample_instant -= self.delay

self.delay = self.randi[0,self.i]
self.sample_instant += self.n//2+self.delay

if self.iYself.n == 0: # controller
self.uk = self.CONTROLLER(self.xk,self.xk 1)

if self.i==self.actuation_instant: # actuator
self.actuator_packet_lost = 0
if self. [1,self.i] > self.
P_actuator_packet_lost:

self.u = self.uk
else:

self.actuator_packet_lost = 1
self.actuation_instant -= self.delay2
self.delay2 = self.randi[l,self.i]
self.actuation_instant += self.n+self.delay2

self.i+=1

return self.u
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