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Background

e Predator drones:
o Madein 2002
o First major military
drone for combat
e Drone stability is important:
o Amazon
o Domino’s
o Security
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‘ect Goals/ Introduction

e Find the best PID coefficients
for angular velocity of the
quadcopter:

o Kp=7
o K =7
o Kp=7?
e Stability of the quadcopter

Proportional Min angular velocity
Integral

Derivative




Methodology

e Autotuned PID
coefficients (gradient e Figure 1: Angular Velocity of Autotuned
descent)

o Kp=29
o K =3
o Kp=1
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Autotuned PID




Methodology - Ziegler-Nichols

e Ziegler-Nichols First Method

Type of
e Figure 2: Angular velocity with tangent line Controller

Angular Velocity
T T T

Tuning for PID Controllers
Mercer University
, http://faculty.mercer.edu/jenki
25 3 35 . ns_he/documents/TuningforPI
Time (s) DControllers.pdf 6

Angular Velocity (rad/s)




Methodology

Table 1
Type of Kp T, Tp
controller
PID 0.36 0.4 0.1
K,= Kp/ T,
PID 1 1 1

Table 2: PID Coefficients




Ziegler-Nichols Figure

Quadcopter Flight Simulation

Figure 3: 70 120
Ziegler Nichols 60 -130

First Method
Simulation

Angular Velocity Angular Displacement
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Angular Velocity (rad/s)
Angular Displacement (rad)




\ Mercer University's Method

Settling Time

Decrease Increase Increase Eliminate

http://faculty.mercer.edu/jenkins_he/documents/TuningforPIDControllers.pdf


http://faculty.mercer.edu/jenkins_he/documents/TuningforPIDControllers.pdf

Mercer University's Method: Iteration T

Iteration P I D What Changed

1 1 1 10 Settle time 0.5s

Quadcopter Flight Simulation
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Mercer University's Method: Iteration 2

lteration P I D What Changed
Table 4 ¥
2 1 10 10 No major changes

Figure 5:

Mercer

University

Method

Simulation

Angular Velocity

Angular Velocity (rad/s)

Angular Displacement
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Mercer University's Method: Iteration 3

lteration

P

D

What Changed

Figure 6:
Mercer
University
Method
Simulation

Angular Velocity (rad/s)
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Angular Velocity

10

Quadcopter Flight Simulation

Settle time 2.0s

12



Mercer University's Method: Iteration 4

temon | P 1 b o

Quadcopter Flight Simulation

Figure 7:
Mercer
University
Method
Simulation

Angular Velocity Angular Displacement
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Mercer University's Method: Iteration 5

Iteration P I D What Changed

5 10 15 15 Settle time 2.0s

Quadcopter Flight Simulation

e Figure8:
Mercer
University
Method
Simulation

Angular Velocity (rad/s)
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Table 8

Mercer University's Method Iteration 6

lteration

P

D

What Changed
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Figure 9:
Mercer
University
Method
Simulation
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Quadcopter Flight Simulation

Settle time 0.4s
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Karl Astrom’s
Method PID Coefficients

Kp

Ki

1 2 5 0
2 3 10 1

3 5 15 1

4 6 19 1

5 7 24 2

. . 6 9 29 2

Equations Coefficients Graph ; 10 2 2

8 12 38 3

2/ 106 + 1 Kp, Ki and Kd vs. alpha 9 13 43 3

k= - 0 -kp =K = Kd 10 15 47 4
. 11 16 52 4

12 18 57 4

13 19 61 5

- 14 20 66 5

15 22 71 5

ki = 100+ 100 16 23 75 6
. 17 25 80 6

18 26 85 6

19 28 90 7

. ; 20 29 94 7

oy — —4 4+ a "q.-"'“] 10 20 30 40 50 60 21 30 a9 7
o 10 apha 22 32 104 8
23 33 108 8



Karl Astrom’s Method

e Figure 10: Karl Astrom’s Method Simulated

Quadcopter Flight Simulation
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Angular Velocity (rad/s)

Zlegler-Nichols Second Method

e Similar to first method
e Find period of greatest wave
e Cr meanscritical

5 3 5 _ http://faculty.mercer.edu/jenkins_he/documents/TuningforPID
Time (s) Controllers.pdf

Type of

Sustained oscillation with period P (P is measured in sec.) Controller

>
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Ziegler- Nichols Second Method

Table 9
Type of Kp T, Tp
controller
PID 0.6 *1.593 05*1.41 0.125*1.41
K,= Kp/ T,
PID 2 5 1

Table 10: PID coefficients
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\ Ziegler-Nichols Second Method

Coefficients:
o P:2
o |15
o D:1
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by 10

Ziegler- Nichols Second Method Modified

Table 11
Type of Kp T, Tp
controller
PID 0.6*1.593*10 | 0.5*1.41*10 | 0.125*1.41*
10
. . Ki=K,/T
Multiply Kp, Ti, and Td o
PID 16 5 13

Table 12: PID Coefficients
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Ziegler- Nichols Second Method Modified

Quadcopter Flight Simulation

Settle time
1.5 seconds
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Conclusion

Mercer University's
Method:

©)

O

Ziegler Nichols Method T:

©)

Accurate
Consistent

Inaccurate

Autotuned Method:

o Small amount of

©)

iterations
Initial point was
small

Table 13: Results part 1

Autotune 29 3 1
Ziegler-Nichols 1 1 1
Mercer 10 15 25
University’s
Method
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\ Conclusion

Karl Astrom’s Method:

o Integral Wind-up
Ziegler Nichols 2nd
Method:

o Coefficients too

small

o inaccurate
Modified second
Method:

o Coefficients small

Table 14: Results part 2

Karl Astrom’s 87 282 22
method
Ziegler-Nichols 2 5 1
2nd method
Modified 16 5 13

second method
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Future Goals

. Other methOdS: F:: Fig;:? View Insert Tools Desktop Window Help
o Test methods with other drones DEEdS | R UDEL- G0 =
o 2nd-order second-order gradient
descent

e Find most efficient PID Tuning Method
e Improve Autotuned Method

e Figure13:
Simula
tion gif
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Thank you!
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