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Controller Realization

• In this chapter, we establish an orderly sequence for the design of feedback control
systems that will be followed as we progress through the rest of the book. Figure 1
shows the described process as well as the chapters in which the steps are discussed
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Antenna Azimuth: An Introduction to Position Control
Systems

Figure 1: Simplified Antenna Azimuth Position Control System 
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Antenna Azimuth: An Introduction to Position Control
Systems

Figure 2: Detailed Antenna Azimuth Position Control System 
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Antenna Azimuth: An Introduction to Position Control
Systems

Figure 3: Schematic Antenna Azimuth Position Control 

System 
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Antenna Azimuth: An Introduction to Position Control
Systems

Figure 4: Functional Block Diagram
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Antenna Azimuth: An Introduction to Position Control
Systems
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H(s)
𝜃𝑖 𝑠 𝑉𝑖(𝑠)
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1 Use Bang-Bang profile move from [0 − 2𝜋] in 30 seconds 

2 Settling time 0.5 seconds

3 %OS 10%

4 𝑒𝑠𝑠(∞)=0 For step input

5 𝑁1 = 20 Driver gear

6 𝑁2 = 100 Driven gear

7 𝐽𝐿=0.5 𝑘𝑔.𝑚2 The total inertia of the satellite around the rotating axis 

8 𝐷𝐿=2 𝑁.𝑚. 𝑠/𝑟𝑎𝑑 The damping into the satellite

Design Requirements and Dynamic Parameters 
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On the satellite side:

𝜃𝑡𝑜𝑡𝑎𝑙 = 0.5 ∗ 𝑡𝑎 ∗ 𝜔𝑚𝑎𝑥 + 0.5 ∗ 𝑡𝑑 ∗ 𝜔𝑚𝑎𝑥

𝑡𝑎= 𝑡𝑑

𝜃𝑡𝑜𝑡𝑎𝑙 = 𝑡𝑎 ∗ 𝜔𝑚𝑎𝑥

𝜔max _𝑠𝑎𝑡 =
2𝜋

15
= 0.4189 rad/s

𝛼max _𝑠𝑎𝑡 =
𝜔max _𝑠𝑎𝑡

𝑡𝑎
=
0.4189

15
= 0.0279 𝑟𝑎𝑑/𝑠2
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On the motor side

𝑟𝑔 =
𝜔𝐻𝑆𝑆

𝜔𝐿𝑠𝑠
=
𝜔max _𝑚𝑜𝑡𝑜𝑟

𝜔max _𝑠𝑎𝑡
=
𝑁2
𝑁1

=
100

20
= 5

𝜔max _𝑚𝑜𝑡𝑜𝑟 = 𝑟𝑔 𝜔max _𝑠𝑎𝑡= 5 ∗ 0.4189

= 2.0945 rad/s

𝑟𝑔 =
𝛼𝐻𝑆𝑆
𝛼𝐿𝑠𝑠

=
𝛼max _𝑚𝑜𝑡𝑜𝑟

𝛼max _𝑠𝑎𝑡
=
𝑁2
𝑁1

=
100

20
= 5

𝛼max _𝑚𝑜𝑡𝑜𝑟 = 𝑟𝑔 𝛼max _𝑠𝑎𝑡= 5 ∗ 0.0279

= 0.1395 𝑟𝑎𝑑/𝑠2
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• σ𝑀 = 𝐽𝑚 𝛼max _𝑚𝑜𝑡𝑜𝑟

• 𝑇𝑚 − ሶ𝜃𝑚 ∗ 𝐷𝑚 = 𝐽𝑚 ∗ 𝛼max _𝑚𝑜𝑡𝑜𝑟
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• Acceleration phase: (maximum point) 

• 𝑇𝑚_𝑎𝑐𝑐 −𝜔max _𝑚𝑜𝑡𝑜𝑟 ∗ 𝐷𝑚 = 𝐽𝑚 ∗ 𝛼𝑚𝑎𝑥−𝑚𝑜𝑡𝑜𝑟

• 𝑇𝑚_𝑎𝑐𝑐 = 𝐽𝑎 +
𝐽𝐿

𝑟𝑔
2 𝛼𝑚𝑎𝑥−𝑚𝑜𝑡𝑜𝑟+ 𝐷𝑎 +

𝐷𝐿

𝑟𝑔
2 𝜔𝑚𝑎𝑥−𝑚𝑜𝑡𝑜𝑟

• 𝑇𝑚_𝑎𝑐𝑐 = 𝐽𝑎 +
0.5

25
0.1395+ 𝐷𝑎 +

2

25
2.0945

• 𝑇𝑚_𝑎𝑐𝑐 = 0.1395 𝐽𝑎 + 0.00279 + 2.0945 𝐷𝑎 + 0.16756

• 𝑇𝑚_𝑎𝑐𝑐 = 0.1395 𝐽𝑎 + 2.0945 𝐷𝑎 + 0.17035
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• Deceleration phase: (maximum point) 

• 𝑇𝑚_𝑑𝑒𝑐 −𝜔max _𝑚𝑜𝑡𝑜𝑟 ∗ 𝐷𝑚 = 𝐽𝑚 ∗ 𝛼𝑚𝑎𝑥−𝑚𝑜𝑡𝑜𝑟

• 𝑇𝑚_𝑑𝑒𝑐 = 𝐽𝑎 +
𝐽𝐿

𝑟𝑔
2 −𝛼𝑚𝑎𝑥−𝑚𝑜𝑡𝑜𝑟 + 𝐷𝑎 +

𝐷𝐿

𝑟𝑔
2 −𝜔𝑚𝑎𝑥−𝑚𝑜𝑡𝑜𝑟

• 𝑇𝑚_𝑑𝑒𝑐 = 𝐽𝑎 +
0.5

25
−0.1395 + 𝐷𝑎 +

2

25
−2.0945

• 𝑇𝑚_𝑑𝑒𝑐 = −0.1395 𝐽𝑎 − 0.00279 + −2.0945 𝐷𝑎 − 0.16756

• 𝑇𝑚_𝑑𝑒𝑐 = −0.1395 𝐽𝑎 − 2.0945 𝐷𝑎 − 0.17035
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• 𝑇𝑚_𝑎𝑐𝑐 = 0.1395∗0.000055 + 2.0945 ∗ 0.002 + 0.17035 = 0.1745N.m. 

𝑇𝑟 = 0.31 > 𝑇𝑚

• 𝜔max _𝑚𝑜𝑡𝑜𝑟 = 2.094 rad/s

𝜔𝑟𝑎𝑡𝑒𝑑 = 93 > 𝜔max _𝑚𝑜𝑡𝑜𝑟

• 𝑃𝑜𝑢𝑡 = 0.1745 ∗ 2.0945 = 0.3655watt

𝑃𝑟𝑎𝑡𝑒𝑑 = 28.6 > 𝑃𝑜𝑢𝑡

• Thus the selected motor is suitable

• For the deceleration phase, similar results will be computed 

The selected motor is DC motor which has a model C23-L55 winding code 50
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❑RMS Torque:

𝑇𝑅𝑀𝑆 =
0.1745 2 ∗ 15 + −0.1745 2 ∗ 15

30
= 0.1745 N.m.

𝑻𝑹𝑴𝑺
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𝑅𝑎 = 19.1 𝑜ℎ𝑚 (resistance )                    𝐿𝑎 = 0.03228 mH (inductance)

𝐾𝑏 = 0.3676 volts.s/rad (Back EMF)         𝐾𝑚 = 0.083 Nm/watt (motor constant)

𝐽𝑎 =0.00005508 kg.𝑚2 𝐷𝑎 =0.002 N.m.s/rad

= 0.3627

𝐽𝑚 = 𝐽𝑎 +
0.5

25
= 0.00005508 +

0.5

25
=0.02005508 kg.𝑚2

𝐷𝑚 = 0.002 +
2

25
= 0.082N.m. s/rad
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𝜃𝑚(𝑠)

𝐸𝑎(𝑠)
=

0.3627/(19.1 ∗ 0.02005508)

𝑠 𝑠 +
1

0.02005508 0.082 +
0.3627 ∗ 0.3676

19.1

=
0.9469

𝑠 + 4.437𝑠
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• By using sisotool

• Specify the design 

requirements 

• Design Controller
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Kp=75.916

Kd=75.916*0.065=4.9345
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Realization by using Arduino kit:
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Realization by using Arduino kit:
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Realization by using Arduino kit:
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Realization by using Arduino kit:
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Realization by using Arduino kit:

%𝑂𝑆 ⟹ 𝜁 = 0.59

𝜔𝑛 =
4

𝜁𝑇𝑠
=

4

0.5∗0.59
= 13.6 rad/s

• Now select the required sampling time:

𝜔𝑠 = 10 ∗ 𝜔𝑛 = 136 rad/s

𝜏𝑠 =
2𝜋

𝜔𝑠
=

2𝜋

136
= 0.046 second
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Realization by using Arduino kit:

• Now find the discrete PD controller based on Trapezoidal method:

𝑃𝐷 𝑠 = 𝐾𝑝 + 𝐾𝑑 ∗ 𝑠

𝐾𝑝 =75.916 𝐾𝑑 =4.9345          𝜏𝑠 = 0.046 second

Now to discretize the controller remember the following equations:

𝑃𝐷 𝑧 =
𝑈(𝑧)

𝐸(𝑧)
= 𝐾𝑝 + 𝐾𝑑 ∗

2

𝜏𝑠

𝑧 − 1

𝑧 + 1
= 75.916 + 4.9345 ∗

2

0.046

𝑧 − 1

𝑧 + 1

= 75.916 + 214.54
𝑧 − 1

𝑧 + 1
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𝑈(𝑧)

𝐸(𝑧)
=75.916

𝑧 + 1

𝑧 + 1
+ 214.54

𝑧 − 1

𝑧 + 1
=
290.45 𝑧 − 138.62

𝑧 + 1

𝑈 𝑧 𝑧 + 𝑈(𝑧) = 290.45 𝑧 𝐸 𝑧 − 138.62 𝐸(𝑧)

𝑢 𝑘 + 1 = 290.45 𝑒 𝑘 + 1 − 138.62 𝑒 𝑘 − 𝑢(𝑘)

or this equation can be used

𝑢 𝑘 = 290.45 𝑒 𝑘 − 138.62 𝑒 𝑘 − 1 − 𝑢(𝑘 − 1)

Realization by using Arduino kit:
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Realization by using Arduino kit:
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