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Download: arduino-1.8.19-windows.zip

4. Software: Python with Control
oM 3 AHEH0| H&E

Download: thonny-5.0.0-windows-portable-x64 control 2026 10 12.zip

5. Software: imageZ2ico
image It2(jpg, png)E Ot0|2 ItY(ico) 2 HElsts T2 IMW(XEE HH, Portable Version)

Download: image2ico_v0.1.0.exe

6. Xy
EE230 300 ™

Download: EEFC{300 Zo|wXl 2026 04 22.zip
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import numpy as np

a = np.array([1, 2])

print(a)|

Shell
22>

[1 2]

import numpy as np

a = np.array([1, 2])

print(a)

A = np.array([[1, 2],
[3, 41D

print(A)

[1 2]
[[1 2]
[3 4]]



import numpy as np

A

np.array([[1, 2],
[3, 411

m
1}

np.array([[3, 4],
[5, ell)

C=A+8B

print(C)

Shell

22>

([ 4 &]
[ 8 101]

import numpy as np

A

m
]

C=A*

print(C)

shell

>>>

([ 3 8]
[15 24]]

B

np.array([[1, 2

[3,

np.array([[3,

[5,



import numpy as np

A

np.array([[1, 2],
[3, 411)

m
1]

np.array([[3, 4],
[5, 611)

E

A.dot(B)

print(C)

Shell

222

[[13 1e]
[29 3¢€]]

import numpy as np

A

np.array([[1, 2],
[3, 41D

m
]

np.array([[3, 4],
[5, 611)

E

A@B

print(C)

Shell

>>>

[[13 1e&]
[29 36]]

import numpy as np

A = np.array([[1,
[3,
B = np.array([[3,
[5,
C=A@B
print(C)
D=B@A
print(D)
3hell
[[13 16&]
[29 36]]
[[15 22]

[23 34]]



import numpy as np

A = np.array([[1, 2],
(3, 41])
E = A.transpose()
print(E)
hell
>
[[1 3]
[2 4]1]

import numpy as np

A = np.array([[1, 2],
[3, 41D
E = A.T
print(E)
2ell
22>
[[1 31



import numpy as np

A np.matrix([[1, 2],

[3, 41D

m
]

np.matrix([[3, 4],
[5, 61D

& A * B

print(C)

Shell

>>>

[[13 1€]
[29 36]]

import numpy as np

A = np.matrix([[1, 2],

[3, 41D
E=A.T
print(E)
hell
>
[[1 3]
[2 417

import numpy as np

A = np.matrix([[21, 2],
[3, 41D

print(A)
A_det = np.linalg.det(A)

print(A_det)

shell
2>
[[1 2]

[3 4]1]
-2.0000000000000004



1 import numpy
2
2 A = numpy.matrix([[21, 2],
4 [3, 41D 1 import numpy as np 1 from numpy import *
5 2 import numpy.linalg as la 2 from numpy.linalg import *
& print(A) 3 3
i 4 A = np.matrix([[1, 2], 4 A = matrix([[2, 2],
8 A_det = numpy.linalg.det(A) 5 [3, 411) 5 [3, 411)
9 6 6
18 print(A_det) 7 print(A) 7 print(A)
11 8 g
9 A_det = la.det(A) S A det = det(A)
11 print(A_det) 11 print(A_det)
12 12
Shell
>>>
[[1 2]
[3 4]1]

-2.0000000000000004



il
8.

import numpy as np
import numpy.linalg as la

A = np.matrix([[21, 2],
[3, 41D

print(A)
A_inv = la.inv(A)
print(A_inv)

print(A * A_inv)

2 1. ]
Lo

5 -0.5]1]
0000000e+00 0.0000000e+00]
8617842e-16 1.0000000e+00]]

Shell

22>

[
[
[

[
[
[
[
[
[

import numpy as np
import numpy.linalg as la

A = np.array([[1, 2],
[3, 41D

print(A)
A_inv = la.inv(A)
print(A_inv)

print(A @ A_inv)

2]

4]]

2 1. ]

1.5 -0.51]

1.0000000e+00 0.0000000e+00]
8.8817842e-16 1.0000000e+00]]

1
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z =13

print(z * z)

v B wMN

ell

> %Run -c $EDITOR_CONTENT
(—-1+073)

z =2 + 3j

print(z)

v wn e

4

Shell

»>> %Run -c $EDITOR_CONTENT
(2+33)

27



1 a=2+ 3j
2 b=4+5j]
3 1 x =2
4 c=a+b . B i y= 2
5 print(c) B ; _ . 4 z = complex(x, y)
6 - 5
/7 d=a-b . lex( ) 6 print(z)
. 4z = complex(x, ¥y 7 print(z.real)
g print(d) Z 2 print(z.imag)
6 int £
1 e=a*hb 5 print(z)
11 print(e)
12
el
shell 5
2> (2+37)
(6+83) B
(-2-23)

(=7+227)



import cmath

z

2 + 33

c
print(c)

oOuUlTh wWwN R

Shell

>>>
(3.605551275463989,

cmath.polar(z)

0.982793723247329)

29



1 import cmath 1 import cmath
2 2
3 z=1+@j 3 z=0+1j
4 4
5 ¢ = cmath.polar(z) > ¢ = cmath.polar(z)
6 print(c) g print(c)
7
. 8 print((0**2 + 1**2)**p 5)
& ok & ok & =k
8 print((1**2 + 6**2)**e.5) 9 print(3.141592/2)
9 print(0)
hell
ell P> >
>> (1.0, 1.5707963267948966)
1.0
(1.0, 0.0) 1.570796
1.0
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!

Y(s) = G(s) X(s)

y(t)= £ [Y(s)] = £7'[G(s) X(s)]
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——=2oaT d2 d d, .
& XEHSEA 237 7 (t) +QE c(t)+3¢(t) = 55 r(t) +4r(t)

x7|%o0

% [{320(3)—30((])—£:(0)} +2{sC(s)—¢(0)} —I-SC'(S)] = [5{sR(s)—7(0)} +4R(s)]
s2C(s)+2sC(s) +3C(s) =5sR(s) +4R(s)
(s*+2s+3)Cl(s)= (55+4)R(s)

C(s) 5s +4
Gls) R(s) 5242543
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._5_%i’fﬁ?ﬁ?’_if’_‘?if"_?(f_)_if'ffl
5{s2¥(s)—sy(0)—y(0)} +2 {s ¥(s) —y(0)} + 3 ¥(s) = F(s)

552V(s)+2s¥(s) +3YV(s) =F(s)

(582+25+3) V(s) = F(s)
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HEsts
* 2%
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52 4+55+6

python 2_5_|. ]

import control as ¢t H(S) _
import numpy as np 52 +55 I E

# ET{nun) 2 E5(den) LEEN Fw T2 (e9 W T
num = [2, 1]
den = [1, 5, A]

v = ct.step_responselsys)
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import control as ct

num = [2, 1]

den = [1, 5, 6]

sys = ct.tf(num, den)
print(sys)

shell

>>>

<TransferFunction>: sys[0]
Inputs (1): ['u[0]']
Outputs (1): ['y[O0]"']

s™"2 + 5 s + 6

38
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0.20

0.15 A

0.10 A

0.05 A

0.00 A

0.0

0.5

1.0

1.5

2.0

2.5

3.0

DEE

=untitled= *

0 @ ™

import control as ct
import matplotlib.pyplot as plt

num = [2, 1]
den = [1, 5, €]
sys = ct.tf(num, den)

print(sys)
t, v = ct.step_response(sys)
plt.plot(t, y)

plt.show()
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0.5

0.4+

0.3

0.2 4

0.1+

0.0 4

0.20 1

0.15q

o

10

15

<untitled> *

Shell

[Resume (F8)

import control as ct
import matplotlib.pyplot as plt

num = [1]
den = [5, 2, 3]

sys = ct.tf(num, den)
print(sys)

t, y = ct.step_response(sys)
plt.plot(t, y)
plt.show()

import contrel as ct
import matplotlib.pyplot as plt

num = [1]
den = [5, 2, 3*2]

sys = ct.tf(num, den)
print(sys)

t, v = ct.step_response(sys)
plt.plot(t, y)

plt.show()
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0.5

0.4 4

0.34

0.2+

0.1+

0.04

oA

10

0.354

0.30 4

0.251

0.20 4

0.15+

0.104

0.05 4

0.00

1.5

<untitled> *

<unuugus -

Resume (F8)|

import control as ct
import matplotlib.pyplot as plt

num = [1]
den = [5, 2, 3]

sys = ct.tf(num, den)
print(sys)

t, y = ct.step_response(sys)
plt.plot(t, y)

plt.show()

import control as ct
import matplotlib.pyplot as plt

num
den

[1]
[5, 2*2, 3]

sys = ct.tf(nhum, den)
print(sys)

t, v = ct.step_response(sys)
plt.plot(t, y)

plt.show()

41



an
R € 3
I N N
- o + Il
2l 4 = = =
» 0 i T
ol o S =
A 'y A
& o = =
~l _ N N
=2
o} > N
~ ~— e
F 3 —_
M > s
4
g o R0 z0
ko | iof i < K
<] & ™~ ol
~ 51
<4 —
o
I+
N e

42

Jleta

Ho

&

ol

(R4,



<k
jol

R4

K

LH
3
MHr
I

oy

joid
5l

ulo
°

1
G!
H ~
|| ©
T 5 5
= A Gl m_uu
i < & +
| [s ]
_I;G
L = > > zq
y
. b Ny
& & ——
LH
<l Iy * T
Tr
I
<) & N R ES) &
y
o > o N
. lo
B ol i1 om
_______ﬂ . ._7...:._ ﬂ:._ L.kl_”_ _._._._
| il i 9l
_IL &I Fo ~ oH
ﬁ — [aV] (ep] ~r

43

7Istat

g3

ol

(R4,



CFSEA
HEsts
=
¢ =SSN
o S7Hzt
Ms | gEAM EEME 57t 2EME
X + Y ¢ |=+o0——
o | Ttumg +C G A
il i f
= Z G
i . X . Y . | 7
Yoz 0|F V4 > G
L =
X Y G
. CIENE >
=2 ol 1
= 7 G

(R4,




n
-+

St

L Algn
rx |1

=
=
=
7k

L

2}

[

r&

[
on

(23 3-9() ]2} &2 HFZ AojA|A|e] S7hEgto] [ 3-9(b)] 9 255 2oizt

R(s) + E(s) C(s)
_ R(s)

G(s)

B(s)

(a) HEZ MAIARS] SEME

[ 3-9] [o|l™| 3-5]2 S7tHSt

1+G(s)H (s)

(b) S7t

el SEME

(R4, sogar|sy

45



et
¢ SEHME
‘%”ﬁg TR B9 1 !
E(s) = R(s)— Bs) ;_(\)— G
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