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import numpy as np
import matplotlib.pyplot as plt
import control

H1

control .tf([3], [4, 1])
H2 ]

control .tf([5], [2, 1])

H = control .series(H1, H2)
print(H)

t, v = control.step_response(H)
plt.plot(t,y)

<TransferFunction>: sys[8]
Inputs (1): ['ul0]"]
Outputs (1): ['y[0]']

H1, H2 S8 & =9l
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¢ SEEMT IOjoO|M I E <TransferFunction>: sys[13]
® Parallel 21 Z Inputs (1): [ ul0]']
Outputs (1): ['y[0]'] H1, H2 E3 & =9
import numpy as np
import matplotlib.pyplot as plt %6 s +8
import control 8

8s2+6s+ 1

H1 = control .tf([3], [4, 1]) |
H2 = control .tf([5], [2, 1])
5
H = control .parallel(H1, H2) 4
5
print(H)

t, y = control.step_response(H)
plt.plot(t,y) 0
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import numpy as np

import matplotlib.pyplot as plt
import control

H1 = control.tf([3], [4, 1])

H2 = control.tf([5], [2, 1])

H = control . feedback(H1, H2)
print(H)

t, y = control.step_response(H)
plt.plot(t,y)

<TransferFunction>: sys|[18]

Inputs (1):

Qutputs (1):

6s+3

['ufo]"]
['y[0]"]

8s2+6s+ 16 93
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\ 4
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0.35 A I I
D — — -
050 M = 1, K=3, D=2
0.25 1 1 import control as ct
2 import matplotlib.pyplot as plt

0.20 4 5

num = [1]
0.15 5 |den = [1, 2, 3]
0.107 7 |sys = ct.tf(num, den)
0.05 A ’

t, v = ct.step_response(sys, T=10)
0.007 11 plt.plot(t, y)

0 2 4 6 8 10 12 plt.show()
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import control as ct
import matplotlib.pyplot as plt

num = [1]
den=11, 2, 3]

sys = ct.tf(num, den)
t, y = ct.step_response(sys, T=10)

plt.plot(t, y)
plt.show()

(R4,

23



o o o
o =1 O - [=]
& SE E A S 0| 8¢ 91 X| HZL A &2 0] . — y(t)
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M —> f(t)
0.35 4 I I
8 M = 1, K=3, D=2
0.30 4 Y I
1 dimport control as ct
0.5 4 2  import matplotlib.pyplot as plt
4 dimport numpy as np
0.20 -
5|A = np.array([[ 8, 1],
5 [_31 _2]])
0157 7 |B = np.array([[@],
8 (11D
0.10 1 9 |C = np.array([1, @])
0.05 1 :; sys = ct.ss(A, B, C, @)
0.00 :3 t, v = ct.step response(sys, T=18)
0 2 4 6 8 10 -

15 plt.plot(t, v)
16 plt.show()
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8 M = 1, K=3, D=2
0.30 4 Y I
1 dimport control as ct
0.5 4 2  import matplotlib.pyplot as plt
4 dimport numpy as np
0.20 -
5|A = np.array([[ 8, 1],
5 [_31 _2]])
0157 7 |B = np.array([[@],
8 (11D
0.10 1 9 |C = np.array([1, @])
0.05 1 :; sys = ct.ss(A, B, C, @)
0.00 :3 t, v = ct.step response(sys, T=18)
0 2 4 6 8 10 -

15 plt.plot(t, v)
16 plt.show()
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import control as ct
import matplotlib.pyplot as plt
import numpy as np

A =np.array([[ 0, 1],
[-3,-2]])

B = np.array([[0],
(11])

C =np.array([1, 0])
sys = ct.ss(A, B, C, 0)

t, y = ct.step_response(sys, T=10)

plt.plot(t, y)
plt.show()
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M —> f(t)
0.35 4 I I
8 M = 1, K=3, D=2
0.30 4 Y I
1 dimport control as ct
0.5 4 2  import matplotlib.pyplot as plt
4 dimport numpy as np
0.20 -
5|A = np.array([[ 8, 1],
5 [_31 _2]])
0157 7 |B = np.array([[@],
8 (11D
0.10 1 9 |C = np.array([1, @])
0.05 1 :; sys = ct.ss(A, B, C, @)
0.00 :3 t, v = ct.step response(sys, T=18)
0 2 4 6 8 10 -

15 plt.plot(t, v)
16 plt.show()
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° import control as ct
0.35 - Tlxl import matplotlib.pyplot as plt
import numpy as np
0.30 |
0 A = np.array([[ 6, 11,
- [-3, -21D)
B = np.array([[0],
0.20 A
(111
0.15 | C = np.array([[1, @],
(e, 111)
0.10 |
sys = ct.ss(A, B, C, @)
0.05 -
2
=T t, v = ct.step_response(sys, T=18)
0.00 | .
print(y)
—0.05 . . . . : : p].t.p].Ot(t, y[@:r@::]: t: y[J‘J@J])
0 2 4 6 8 10 Iplt.show()
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import numpy as np
import control
import matplotlib.pyplot as plt

numl = np.array([1])
deni = np.array([4, 1])

H1 = control.tf(numl, deni)
t1, y1 = control.step_response(H1, T=60)

np.array([1])
np.array([8, 1])

num2
den2

H2 = control.tf(num2, den2)
t2, y2 = control.step_response(H2, T=60)

plt.plot(t1, y1, t2, y2)
plt.grid()

a=

1
—=0.25

1.0

0.8

0.6

0.4

0.2 A

0.0 A

(R4,

36



CH|A| T

& 2 X|HA| AR Q| CHA TS E
© 2K} X| G A| AE

R(s) b C (5‘2
s*+as+b -

Y

(a) AHSSE (b) YAMSSE

/\\/\V" /\ /\ /\
| VATAY

d) FHSSE

(R4,

37



THATSE

& 2Kt X|HA| AR THR AT

.u|.|=| = 2|:|'|-|-|-_

ocCtk
o d

Step Response

1.4

HELS O H|AE =

25

A 2MwE

=
[S%)
y

—

Amplitude
e =2 =
Hes [=p] oo

=
oo
.

Time (sec)

(R4,




s+ thmn.s—kwi =0

o Oj|A|

R(s)

b

C (32

s>+as+b=0

s+ 45+16=10

s’+as+b

——

——

s>+ 20w,s + w2 =0

T+ 2x0.5x45+4>=0

}-

N
5.

18] (= 0.5

d

7~
AT w, = 4

(R4,

39



THATSE

& 2t X|HA AH Q| CHA TS E
o I}H|SSHE OlAl

R(s) C(s)
g 52+563+6 » ( =——==1.02 » é/>1

1 1 —
Os)=——0 L1, =3 2 0.8

s2+55+6 8 S s+2+s+3 ' 0

0.4
clt)=1— e 24 2 3

0.2

(R4, sogar|sy



k| A TS g
& 2%t X|@IA| ARO| Tk A|CH
o AAN|SSE oAl

10
R(s) C(s) _ . .
g sz+1%5s+25 g » ¢ = ﬁ =1 » ¢ =1

cCk
=]

0l0

Y

' X
1 -------------
2! ] — — 0.8
Cls) = — 25 xizl 5, 1
s +10s+25 S (s+5) s+5 » 0.6
ct)=1—5te " —e °* 0.4
0.2
0 >

(R4, sogar|sy "



o
o H
& 2K} X|HA| AR O] THAA|ITHS B
O EEH S S oAl
R(s) - 17 C(s)
1 s2+2s+17 g (
17 1 1 s+2

=X B
s +2s+17 S S s +2s54+17
1 s+1 _ 1

s (s+1)+4 (s+1)0°+4°

_ 1 .
clt)=1—e t cos4t+zsm4t

=1—1.03¢ 'sin(4t+76"°)

(R4, sogar|sy



THATSE

& 2K X AA AR TR\ TS E
o X SSE G

. 0
R(s) 5239 CGs) » (:ﬁ=o » =0

A

9 L1_1 s

Cls)= -
6 —I—Q S S s~ +9

c(t) =1— cos 3t

(R4, sogar|sy



CHI A EHS B

& 2K X[HA AR Q| THR A EHS B

ﬁ =

SENS 24t PAAH B4

1.6 T T T T T T T T
L4F 1

Z|ch RHFE

L2F R
! VAN e csmmannec

N E
0.8} E
06 [t 1

[HAIZE i

1 1 1
0.4F i .

HEZ A2

0.2F b

HEARE i

0 ! L 1 L L L L I i

I HEARE I

(R4,




THATSE

& 2K} X|HA| AR Q| T A THSE
o LIS 2K K| UA A £

e} o3 2 HEAE 20l
W E A A7E AAA7RS: F5)2)

G(S) :QL
s°+4s+25
0| (s) = 25 _ 5 o=
s°4+45+25  s2+2x04x55+5
% 0S =

0.4

S|l ThAS ol HiR gk Al

2

H_o
]j_]TE

= 0.69 [scc]

T (0
aV1-C 5108

e~ @/ Vi=E) 5 100 = e~ 047/ V1=08) 5 100 = 25.4[%)

0.8 +2.5%0.4
9 = =0.36[sec]

_ 08+25( _

W 5

1

05 — 2lsed

(R4,

45



CHI A EHS B

SH
& 2t X|HA - Q| THA TS E
e LlO|M I3

import numpy as np
import matplotlib.pyplot as plt
import control

H1
H2
H3

control .tf([25], [1, 5, 25])
control .tf([25], [1, 10, 25])
control.tf([25], [1, 15, 25])

control .step_response(H1, T=5)
t2, y2 = control.step_response(H2, T=5)
t3, y3 = control.step_response(H3, T=5)
plt.plot(t1,y1, t2,y2, t3,y3)

t1, yi

1.2 4

1.0 1
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0.6

0.4

0.0
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import numpy as np
import matplotlib.pyplot as plt
import control

H1
H2
H3
H4

control.tf
control.tf
control.tf
control.tf

25],
25],
25],
25],

.5, 25])
, 10, 25])
, 15, 25])
, 0, 25])

P —

[
[
[
[

— — — —
—_ - .

t1, y1

control.step_response(H1,

t2, y2 = control.step_response(H2,

t3, y3 = control.step_response(H3,
(H4,
t

t4d, y4 = control.step_response(H
plt.plot(t1,y1, t2,y2, t3,y3,
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import control as ct

import matplotlib.pyplot as plt

Wp =

. .1 Figure 1 —
import numpy as np

5 System Impulse Response Simulation

6 ] —— Impulse Response

025

7 num = [1]

g den = [1, 2, 5]

9 sys = ct.tf(num, den) 0201

0.15
12 time = np.linspace(®, 10, 1000)

F
Output Amplitude
o
o
5]

0.05 |
16 t, y = ct.impulse_response(sys, T=time)

0.00

9 plt.figure(figsize=(8, 5))

plt.plot(t, vy, label="Impulse Response', color="blue', linewidth=2) —0057

 ®

plt.title('System Impulse Response Simulation') 0 2 4 6 8 10
plt.xlabel( Time (seconds)') Time (seconds)

plt.ylabel( Output Amplitude') —
plt.grid(True, linestyle="--") aEd Q=

W po

M~

wn

plt.legend()
6 Iplt.show()
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import control as ct
import matplotlib.pyplot as plt
import numpy as np

# 1. M 8t (Transfer Function) 2|
#G(s)=1/(s"2+2s+5)

num = [1] # 2 XF A5

den=1[1,2,5] #&%2 A (sh2+25+5)
sys = ct.tf(num, den)

#2. A 220|M Al ZHH| F 244 (02 E| 102X7HX]| 100071 7Zh
time = np.linspace(0, 10, 1000)

#3 AEA ZE A M
# ZIHE A ZHy ot A AEIQ| 28 gh(y)S ghetetu Ch
t, y = ct.impulse_response(sys, T=time)

#4. 21t A Zt3} (Graph)

plt.figure(figsize=(8, 5))

plt.plot(t, y, label="Impulse Response', color='blue', linewidth=2)
plt.title('System Impulse Response Simulation')

plt.xlabel('Time (seconds)')

plt.ylabel('Output Amplitude')

plt.grid(True, linestyle='--")

plt.legend()

plt.show()
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oF 2% wtALES LI
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